
Sjögren’s syndrome autoantibodies provoke changes
in gene expression profiles of inflammatory cytokines
triggering a pathway involving TACE/NF-kB
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We explore the association of the inflammatory gene expression profile observed in the chronic inflammatory auto-
immune disorder Sjögren’s syndrome (SS) with changes in TNF-a converting enzyme (TACE), tumor necrosis factor (TNF)-a
and nuclear factor (NF)-kB levels showing that pathways that include TNF-a signaling converge on NF-kB contributing to
exacerbate the diseases. The treatment of human salivary gland epithelial cells (SGECs) with SS anti-Ro/SSA auto-
antibodies (Abs) result in a progressive increase in NF-kB–DNA binding, that includes a marked enhancement in NF-kB
subunit p65 protein–DNA binding. A human cytokine multi-analyte array demonstrated that the NF-kB proinflammatory
target genes, increased by anti-Ro/SSA Abs treatment, includes CXC chemokines (CXCL1, CXCL6 and CXCL9), CC
chemokines (CCL2, CCL13 and CCL20), interleukins (IL-1a, IL-1b, IL-1F8, IL-6, IL-8, IL-9, IL-13, IL-17 and IL-22) and their
receptors (IL-1RN, IL-10Ra, IL-13Ra, CCR1, CCR2, CCR3, CCR4 and CXCR1). Blockade of TACE through the use of the specific
inhibitor TAPI-1 regulates proinflammatory cytokines production in SGEC treated with anti-Ro/SSA Abs inhibiting
NF-kB nuclear translocation and activation. To further investigate the role of NF-kB on anti-Ro/SSA Abs-determined
proinflammatory gene expression, we used the inhibitory protein IkB-a dominant negative super-repressor as inhibitor
of NF-kB–DNA binding, demonstrating that transfection with dominant-negative IkB-a in anti-Ro/SSA-treated SGEC
determined a marked reduction of proinflammatory cytokines gene expression. Although further studies are needed to
clarify the mechanisms underlying SS, our results demonstrate that SS Abs exert their pathogenic effects via triggering
the TACE/TNF-a/NF-kB axis.
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Nuclear factor-kB (NF-kB) transcription is increased by
multiple mechanisms that promote additional pro-
inflammatory gene induction through further increasing
NF-kB transcription.1 This positive progressive gene induc-
tion is implicated in autoimmunity.2 NF-kB is activated by
various intracellular signals, including tumor necrosis
factor (TNF)-a. TNF-a has been found in functionally and
structurally damaged areas of the salivary glands and has
been implicated in the disease pathogenesis of Sjögren’s
syndrome (SS).3,4 Sjögren’s syndrome is a systemic chronic
inflammatory autoimmune disorder that affects secretory
organs such as the salivary and lachrymal glands,5 and TNF-a
production seems to be closely linked to SS.4,6,7 In addition,

proteases such as the TNF-a converting enzyme (TACE)
contribute to the autoimmune condition by processing
innate inflammatory cytokines and other proteins.8 Cyto-
kines have a central role in triggering and perpetuating
inflammation in the secretory glands, and the imbalance of
pro-over anti-inflammatory cytokines results in cumulative
damage to the glands impairing the secretory function.8 It is
apparent from previous literature and work carried out in
our laboratory that TNF-a is rapidly produced in the
SS salivary gland in response to tissue injury.8–10 This cyto-
kine is released in soluble form from its membrane-bound
precursor by the membrane-anchored zinc metalloproteinase
TACE.11,12 In human salivary gland epithelial cells (SGECs)
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treated with the anti-Ro/SSA autoantibodies (Abs) charac-
terizing SS, the increase in soluble TNF-a levels is preceded
by an increase in TACE activity.13 In addition, through
shedding and activation of TACE, anti-Ro/SSA Abs
determine the production of active TNF-a that stimulates
SGEC to secrete the proinflammatory cytokines IL-6/IL-8.8

TNF-a exerts some of its effects through activation of
the proinflammatory transcription factor NF-kB.14 Recent
studies were designed to explore the association of several
inflammatory conditions with changes in TACE, TNF-a and
NF-kB levels15,16 showing that pathways that include TNF-a
signaling converge on NF-kB, contributing to exacerbate
the diseases. NF-kB is a dimeric transcription factor that
is present in the cytosol in an inactive form bound to its
inhibitory protein, inhibitory kB-alpha (IkB-a). When acti-
vated by a variety of stimuli, IkB-a is phosphorylated,
ubiquitinated and is generally degraded in the proteosome
releasing active NF-kB; this translocates into the nucleus
and binds to a consensus site present within the promoter
regions of genes such as those coding for proinflammatory
cytokines.17

These findings prompted us to investigate into the
relationship between TACE-mediated TNF-a release and the
mechanisms by which anti-Ro/SSA Abs increase NF-kB–
DNA binding; proinflammatory genes induction was studied
in an experimental model represented by human SGECs
culture. The study was moreover designed to explore the
involvement of TNF-a convertase TACE in the increased
NF-kB–DNA binding through anti-Ro/SSA Abs-released
cytokines propagating proinflammatory genes induction. As
the feedback regulation of transcription factor NF-kB by its
inhibitor IkB-a has an essential role in the control of NF-kB
activity, we investigated whether the TACE/TNF-a/NF-kB
pathway activated by anti-Ro/SSA Abs treatment is an IkB-a-
dependent process.

MATERIALS AND METHODS
Autoantibodies
Anti-Ro/SSA Abs were purified from IgG fractions of patients
with primary SS (n, 33; mean age 46.5 years), all fulfilling the
American-European Consensus Group Classification criteria
for SS.18 None of the patients examined met the clinical or
serological criteria for additional connective tissue disease.
None of the patients suffered from acute viral or bacterial
infections at the time of the study. Informed consent for
studies involving human subjects was obtained and the
studies were conducted according to the tenets of the
Declaration of Helsinki Principles. Anti-Ro/SSA Abs were
purified from Sjögren IgG fractions19,20 using Sepharose
4B-Ro affinity columns. The affinity columns were prepared
by coupling 5 mg of Ro60 antigen (ImmunoVision, Spring-
dale, AR, USA) per 1 ml of CNBr-activated Sepharose 4B
(Amersham Pharmacia Biotech, Sweden). Sjögren IgG was
loaded and washed with 10 volumes of starting buffer. The
anti-Ro/SSA Abs were eluted with 0.1 M glycine (Sigma,

St. Louis, MO, USA), pH 2.5, and neutralized immediately.
The purity of the anti-Ro/SSA Abs was determined by SDS-
PAGE. The Abs obtained were concentrated to 200 mg/ml by
the ultrafiltration method and used at concentrations of
50 mg/ml in the experimental procedures. Autoantibodies
preparations resulted free of endotoxin contamination, as
assessed by a Limulus amebocyte assay (Sigma). IgG from
healthy subjects (HIgG) were obtained from control asymp-
tomatic volunteers (n, 15; mean age 44.7 years).

Microdissection and Primary Explant Culture
Cultures of human healthy SGECs were derived from labial
minor salivary gland (LSG) biopsy samples obtained from 10
healthy individuals awaiting removal of salivary mucoceles
from the lower lip. Informed consent from the patients
and approval by the local ethics committee was obtained.
The healthy subjects had no complaints of oral dryness, no
autoimmune disease and had normal salivary function. LSG
samples were collected from the lower lip under local
anesthesia through normal mucosa. The explant outgrowth
technique21 was applied to establish SGEC cultures from
limited amounts of glandular tissue as previously reported.8

Cell Treatment
SGEC were collected by centrifugation at 250 g and
resuspended at 1� 106 cells/ml in McCoy’s 5a-modified
medium. Cell suspensions (105 cells/well) were added to each
well of a six-well plate (Thomas Scientific, Swedesboro, NJ,
USA) and was allowed to incubate for 24 h at 371C under 5%
CO2. After incubation, cells were washed and treated as
follows: (1) IgG fractions extracted from sera of healthy
donors were dissolved in McCoy’s 5a (50 mg/ml) for 48 h; (2)
anti-Ro/SSA Abs (50 mg/ml) were dissolved in McCoy’s 5a for
48 h; and (3) exogenous TNF-a (500 pg/ml) were dissolved in
McCoy’s 5a for 48 h.

Superarray Cytokine Genes Analysis
Total cellular RNA was isolated by using Trizol (Qiagen,
Valencia, CA, USA) and isopropanol precipitation or RNeasy
mini kit (Qiagen) according to the manufacturer’s instruc-
tions. Real-time PCR reactions for signaling pathway genes
were analyzed in total RNA using the Human Inflammatory
Response and Autoimmunity SuperArray RT2 Profiler
(SABiosciences, Frederick, MD, USA) according to the
manufacturer’s protocol. The SuperArray combines SYBR
Green-based real-time RT-qPCR technology with a multi-
gene array plate format to simultaneously analyze 84 human
cytokine and chemokines genes related to human inflamma-
tory responses and autoimmunity. Briefly, cDNA was pre-
pared from 1 mg total RNA using a RT2 PCR array first-strand
kit. The reaction was conducted in a 25 ml mixture, which
included Master mix, nuclease-free H2O and 1 ml of template
cDNA. PCR amplification was conducted with an initial
10 min step at 951C followed by 40 cycles of 951C for 15 s and
601C for 1 min. Real-time quantifications were performed
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using the ABI Prism 7700 fast real-time PCR system (Applied
Biosystems, Foster City, CA, USA). The DDCt method was
used to analyze the expression level of each gene in com-
parison with five endogenous control housekeeping genes,
present on the PCR array, that were used for normalization.
Results were expressed as fold-changes in genes expression.

Cytokine Proteins Array Analysis
A human cytokine Multi-Analyte ELISArray Kit (SABio-
sciences) was used to estimate the cytokine production at
the protein level, evaluating various cytokines (interleukin
(IL)-1a, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-17A,
interferon-g (IFN-g), TNF-a and granulocyte-macrophage
colony-stimulating factor) in supernatants of SGEC treated
with anti-Ro/SSA Abs or anti-Ro/SSA Abs plus TAPI-1.
The arrays were performed according to the manufacturer’s
instructions. Levels of proteins were measured on a VERSA-
max microplate reader (Molecular Devices, Silicon Valley, CA,
USA) with an absorbance at 450 nm. Sampling was performed
in triplicates.

Pharmacological Treatments to Inhibit TACE
Human SGEC were pretreated with 10 mM of the metallo-
protease inhibitor TAPI-1 (Calbiochem, San Diego, CA,
USA) or with the DMSO vehicle, used to dissolve the TAPI-1
for 1 h, before stimulation with anti-Ro/SSA Abs or HIgG
(50 mg/ml). This compound was neither cytotoxic at the
concentration used nor did it interfere with the ability of
SGEC to execute normal acinar and ductal morphogenesis in
the presence of soluble EGF (data not shown).

RT-PCR, Real-Time PCR, Western Blot and Flow
Cytometry Analysis
These procedures were conducted as described pre-
viously.8,13,19 For RT-PCR, the primers were designed
according to published sequences (www.ncbi.nlm.nih.gov),
and densitometric analysis was performed by gel image
software (BIO-Profile Bio-1D; LTF Labortechnik GmbH,
Wasserburg, Germany). For quantitative real-time PCR,
sequences of the probes used are reported in Table 1.

Immunofluorescence
In the immunofluorescence assay, untreated and variously
treated SGEC were incubated with the goat anti-human IL-13
mAb, mouse anti-human IL-17 mAb and mouse anti-human
IL-22 polyclonal Ab and rabbit anti-human NF-kB p65
polyclonal Ab (all from Santa Cruz Biotechnology). The slides
were incubated with related conjugated secondary antibodies
(Santa Cruz Biotechnology) and examined using a confocal
laser scanning microscopy system (Leica, TCS-SP2, Solms,
Germany) using a l¼ 488 nm Argon–Crypton laser for FITC.

NF-jB DNA Binding Assays
The ELISA-based TransAM Flexi NF-kB p65 Kit (Active
Motif, Carlsbad, CA, USA) was used to monitor the activity

of NF-kB p65 family members in the variously treated
human SGEC. Nuclear fractions were collected from cells
using the nuclear extraction kit following the manufacturer’s
suggestions (Active Motif) and the technique was applied as
described previously.22

Transient Transfection with the Dominant Negative
Version of IjB-a and Luciferase Assay
To modulate NF-kB activity, healthy SGEC treated with anti-
Ro/SSA Abs were transiently transfected with a dominant
negative IkB-a vector (the plasmid with the dominant-
negative version of IkB-a was a kind gift by Dr P Bauerle,
University of Munich and Dr M Lienhard Schmitz, Deutsches
Krebsforschungszentrum, Germany) or its control (empty
vector, pCMV). This dominant negative super-repressor
IkB-a contains mutations at residues 32 and 36 (the two
inducible phosphorylation sites), which disrupt phosphory-
lation and subsequent degradation. The super-repressor
IkB-a mutant is still capable of binding NF-kB and inhibiting
DNA binding and NF-kB transcriptional activity. For trans-
ient transfections, 2� 105 cells were seeded per well in a
24-well tissue culture dish one day before transient trans-
fection. Cells were transfected with serum-free McCoy’s 5a
medium containing 25 ml/ml of Lipofectamine 2000 reagent
(Invitrogen) and 10 mg/ml of dominant negative IkB-a and a
plasmid DNA including a NF-kB luciferase reporter con-
struct or the empty vector (Clontech, San Diego, CA, USA),
according to the manufacturer’s instructions. This NF-kB
luciferase vector contains four tandem copies of the NF-kB

Table 1 Primers and probes used in RT-PCR and real-time PCR
assays

Sequences of the probes used in real-time PCR

Target gene Probe (50-FAM and 30-TAMRA labeled)

TACE 50-CTGTGCAGTAGGACACGCCT-30

IL-1a 50-TCCACAGCGATTTATC-30

IL-1b 50-GGATTCAATGAGGAGACTTGC-30

IL-6 50-CTGCCAAGAGAGCCACGGCCAG-30

IL-8 50-TGCCCAAGAAGGCCACAGAACTGAA-30

IL-9 50-TGCTGCCTCCAAGAACACAACTGA-30

IL-10 50-CTTCCCTGTGAAAACAAGAGCAAGGCC-30

IL-13 50-TTGCCCAAGCAGGCCACAGAATTG-30

IL-17 50-CCTGGCCAAGGTCATCCATGACAACTT-30

IL-22 50-TCAGCCAGTTCCAGCTCCTCATGCA-30

TNF-a 50-TAGCCCATGTTGTAGCAAACCCTCAAGC-30

IL-10RA 50-CGAGGTGACCTGGGCACCATCC-30

IL-13RA 50-TAGCCCATGTTGTAGCAAACCCTCAA-30

Abbreviations: IL, interleukin; TACE, TNF-a converting enzyme; TNF, tumor
necrosis factor.
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consensus sequence fused to a TATA-like promoter region
from the Herpes simplex virus thymidine kinase promoter.
After 5 h of incubation, the medium was replaced with
McCoy’s 5a medium containing 10% fetal bovine serum.
Luciferase activity was measured by the Luciferase Reporter
Assay System (Promega, Madison, WI, USA) according to the
manufacturer’s instructions. Luciferase activity was normal-
ized to b-galactosidase activity as internal control. Each
experiment was repeated at least three times.

Statistics
The data were analyzed for normality using the Wilks–
Shapiro test. Differences in means for paired observations
were analyzed by the Student’s t-test. In all instances, values
of Po0.05 were considered statistically significant.

RESULTS
TAPI-1 Inhibits the Expression of Inflammatory
Cytokines/Chemokines in Anti-Ro/SSA Abs-Treated
Human SGEC
On the basis of the evidence that the cytokine network con-
tributes to both systemic and exocrine manifestations of SS, it
would be useful to know what effect this inflammatory pro-
cess may have on the disease pathogenesis and whether
an abnormal expression of these inflammatory molecules is
able to alter the glandular integrity and functionality so
significantly. Following the discovery of proinflammatory
cytokines accumulation in functionally and structurally
damaged areas of the salivary glands,3,6 and its pathogenic
significance in autoimmune diseases,7,8 we assessed differ-
ences in the gene expression levels of inflammatory mediators,
such as cytokines/chemokines, in human SGECs treated
with the anti-Ro/SSA Abs that characterize SS. In anti-Ro/SSA
Abs-treated SGEC we screened for abnormally expressed
inflammatory mediators using RT2 Profiler PCR arrays, a
high-throughput technique, designed specifically to target
major cytokines and chemokines. Of the 84 genes examined
(gene list in Supplementary Table), 27 genes were measurable
in all the samples analyzed (Figure 1a); the other genes
were either undetectable or else no technically satisfactory
amplification was achieved. Anti-Ro/SSA Abs-treated SGEC
exhibited differences as compared with untreated control cells
and cells treated with HIgG. Anti-Ro/SSA treatment enhanced
the expression of most of the measurable genes. Those
increased by anti-Ro/SSA treatment include, among others,
some of the CXC chemokines (CXCL1, CXCL6 and CXCL9),
CC chemokines (CCL2, CCL13), interleukins (IL-1a, IL-1b,
IL-1F8, IL-6, IL-8, IL-9, IL-13, IL-17 and IL-22) and their
receptors (IL-1RN, IL-10Ra, IL-13Ra, CCR1, CCR2, CCR3,
CCR4 and CXCR1). The results demonstrated the presence of
a pronounced inflammatory cell component in anti-Ro/SSA-
treated SGEC that could contribute to the amplification of the
epithelial-derived cytokine cascade.

As we have already demonstrated that anti-Ro/SSA Abs
induced SGEC to express high levels of proinflammatory

cytokines through a pathway involving TACE8 and the
inhibitor TAPI-1 is known to prevent spontaneous mem-
brane ectodomain shedding, including that of TNF-a,23 we
sought to investigate the possibility that TAPI-1 regulates
proinflammatory cytokines production in anti-Ro/SSA
Abs-treated SGEC. First we examined the efficacy of TAPI-1
on intracellular active TACE expression in anti-Ro/SSA Abs-
treated SGEC (Supplementary Figures S1, S2). As shown in
Supplementary Figures, in anti-Ro/SSA Abs-treated SGEC, a
clear reduction of TACE gene (Supplementary Figures S1a–c)
and protein expression (Supplementary Figures S2a–c) was
observed following TAPI-1 addition, confirming that TAPI-1
blocks the shedding of TACE in our experimental model.
Once the effectiveness of TAPI-1 is esatblished, we added this
inhibitor to anti-Ro/SSA-treated SGEC to block TNF-a
shedding through TACE and study the involvement of TACE/
TNF-a in proinflammatory cytokines secretion by anti-Ro/
SSA Abs-treated SGEC. TAPI-1-treated SGEC exhibited
striking differences from anti-Ro/SSA Abs-treated cells and
all genes examined were decreased by TAPI-1 (Figure 1a). To
validate these findings, quantitative PCR was performed
on RNA samples from an independent experiment using
different primers from those on the array, which confirmed
that TAPI-1 decreased the expression of the genes tested
(Figure 1b). To estimate the cytokine production at protein
level, a human cytokine ELISA array was utilized to evaluate
various cytokines (IL-1a, IL-1b, IL-2, IL-4, IL-6, IL-8, IL-10,
IL-12, IL-17A, IFN-g and TNF-a) in supernatants of SGEC
treated with anti-Ro/SSA Abs or anti-Ro/SSA Abs plus
TAPI-1. Among the cytokines that were consistently induced
in SGEC by anti-Ro/SSA Abs treatment, the levels of all
inflammatory cytokines were decreased in the supernatants
of SGEC treated with anti-Ro/SSA Abs plus TAPI-1, showing
statistically significant differences (Po0.01) as compared
with SGEC treated with anti-Ro/SSA Abs alone (Figure 1c).
Thus, human SGEC cultures exposed to anti-Ro/SSA Abs
plus TAPI-1 showed a decreased expression of pro-
inflammatory cytokines mRNA and protein. Consistent with
the role of TAPI-1 as TACE inhibitor in anti-Ro/SSA Abs-
induced-proinflammatory cytokines production, we per-
formed an immunofluorescence assay demonstrating that
TAPI-1 treatment resulted in a decreased production of the
proinflammatory cytokines tested, such as IL-13, IL-17 and
IL-22, in SGEC stimulated with anti-Ro/SSA Abs (Figure 1d).
Given the widespread nature of cytokines expression changes
induced by the TACE inhibitor TAPI-1, we postulated that
TACE may regulate one or more genes that are central nodes
in the inflammatory process linked to the autoimmune
condition.

Anti-Ro/SSA Abs Increased NF-jB–DNA Binding and
NF-jB Target Gene Expression
NF-kB is activated by various intracellular signals, includ-
ing cytokines such as TNF-a, and is a transcription factor
for TNF-a, which, in turn, induces NF-kB activation in a
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positive feedback loop.24 As TNF-a is activated on the cell
surface by TACE, we explored the pathway involving TACE/
TNF-a/NF-kB in our experimental model of anti-Ro/SSA
Abs-treated human SGEC. We previously reported that
the transcription activity of NF-kB is higher in SS than in
normal subjects and human SGECs have a prominent role in

orchestrating the salivary gland inflammatory response,
suggesting that the NF-kB signal is important in these cells
for modulating immune responses.22 NF-kB is a transcrip-
tion factor family with multiple subunits, and the NF-kB
subunits p50 and p65 are commonly associated with increa-
sed gene transcription. Here we found that anti-Ro/SSA Abs

Figure 1 Blockade of TNF-a converting enzyme (TACE) activation decreased the anti-Ro/SSA autoantibodies (Abs)-induced expression of inflammation-

related genes. To demonstrate the differential regulation of proinflammatory cytokines/chemokines and receptors gene expression in anti-Ro/SSA

Abs plus TAPI-1-treated human salivary gland epithelial cells (SGECs), an inflammatory response and autoimmunity SuperArray was adopted. Panel a shows

that anti-Ro/SSA Abs treatment determines the differential expression of genes in human SGECs in comparison with untreated control cells.

The pooled total RNAs isolated from untreated and anti-Ro/SSA Abs-treated SGEC were used and real-time PCR arrays were run twice. From the expression

of 84 key genes related to autoimmune and inflammatory response, 23 differentially expressed genes were identified as indicated. (Data represent

the mean±s.e. of five independent experiments). Blockade of TACE activation with TAPI-1 reduces anti-Ro/SSA Abs-proinflammatory cytokines/chemokines

induction. (b) Quantitative PCR validation of findings from superarray in panel a using primers and RNA samples from an independent experiment. The

values represent the means of replicate samples and are normalized to housekeeping genes. (c) A human cytokine multi-analyte ELISA array was used to

measure cytokine production by human SGEC treated with anti-Ro/SSA Abs plus TAPI-1. Values represent the optical density decrease versus anti-Ro/SSA

Abs-treated SGEC cultures from triplicate wells. (Data represent the mean±s.e. of three independent experiments). (d) Intracellular distribution

of interleukin (IL)-13, IL-17 and IL-22 in human SGECs treated with anti-Ro/SSA and/or TAPI-1 examined under fluorescence condition. A reduced

immunoreactivity for cytokines expression was observed following TAPI-1 treatment (panels C, G, K). No fluorescence was detected in permeabilized

cells treated only with secondary antibody-FITC (A, E, I).
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increased the NF-kB p65 nuclear immunofluorescence
(Figures 2a and c), whereas ELISA used to detect NF-kB p65
subunits bound to the consensus DNA site of the identified
region, demonstrated 2.65-fold more DNA binding by p65 in
the nuclear extracts derived from anti-Ro/SSA Abs-treated
SGEC as compared with untreated control SGEC (Figure 2b),
suggesting that p65 transcription activity is higher after anti-
Ro/SSA Abs treatment.

Proinflammatory cytokines are synthesized as larger
protein precursors processed by proteases to become active
mature forms. TNF-a is a prototype proinflammatory
cytokine, and TACE is a prototype protease.25 Anti-Ro/SSA
Abs treatment of SGEC cultures increased proinflammatory
cytokines production and TACE mRNA and protein levels,
suggesting that in human healthy SGEC, proinflammatory
cytokines and proteases are induced during Abs exposure.8

As the induction of proinflammatory genes by anti-Ro/SSA
Abs is complex and involves increased NF-kB–DNA binding,
we tested the effect of TAPI-1 on NF-kB activation and
NF-kB-mediated regulation of proinflammatory cytokines
production. To test whether the TAPI-1 treatment con-
comitantly induced a decreased NF-kB activity, we evaluated
the NF-kB activity in anti-Ro/SSA Abs plus TAPI-1-treated
SGEC, using the NF-kB consensus DNA binding ELISA assay
to detect bound NF-kB p65 subunits. Our findings demons-
trate changes in the levels of NF-kB activation showing a

clear reduction of NF-kB activity following TAPI-1 treatment
(Figure 3). At the same time, to explore the association of
anti-Ro/SSA Abs with changes in TACE, TNF-a and NF-kB,
and demonstrate that the NF-kB activation occurs through
TACE, we inhibited TACE with TAPI-1 in anti-Ro/SSA Abs-
treated SGEC and, subsequently added exogenous soluble
TNF-a to evaluate the NF-kB activation level (Figure 3).
Analysis of the nuclear extracts revealed that after stimulation
with exogenous soluble TNF-a, in anti-Ro/SSA Abs plus
TAPI-1-treated cells, p65 is observed to translocate into the
nucleus, demonstrating that the specific TACE inhibitor
blocks NF-kB activation and nuclear translocation prevent-
ing release of the soluble form of TNF-a.

NF-jB Blockade by Dominant Negative IjB-a Decreased
Proinflammatory Gene Expression
Transcription is a complicated process involving many steps,
out of which only one binds with DNA. To further investigate
the role of NF-kB on anti-Ro/SSA Abs-determined pro-
inflammatory gene expression, we used the dominant
negative super-repressor inhibitory protein IkB-a as an in-
hibitor of NF-kB–DNA binding. NF-kB is maintained in an
inactive state in the cytoplasm bound to IkB-a, which masks
its nuclear localization domain.1 Phosphorylation marks
IkB-a for degradation by the proteasome, causing NF-kB
nuclear translocation and activation. To evaluate the specific

Figure 2 Anti-Ro/SSA autoantibodies (Abs) modulate nuclear factor-kB (NF-kB)-dependent transcriptional activity. (a) Confocal microscopy images

from a representative experiment show anti-Ro/SSA Abs exposure increased NF-kB p65 nuclear immunofluorescence, as indicated in panel C. (b) Levels

of NF-kB-motif-binding activity after 48 h of autoantibodies (Abs) stimulation. Nuclear extracts were isolated, and the level of endogenous NF-kB (p65)

transcriptional activation was examined by using a TransAM NF-kB kit. Values shown are the means±s.e. from six independent experiments. ELISA-based

assay shows NF-kB subunit p65–DNA binding was increased following anti-Ro/SSA Abs exposure.

Anti-Ro/SSA trigger TACE/NF-jB axis

S Lisi et al

620 Laboratory Investigation | Volume 92 April 2012 | www.laboratoryinvestigation.org

http://www.laboratoryinvestigation.org


contribution of phosphorylation of IkB-a at serine 32-36
(the two inducible phosphorylation sites) on TACE-induced
NF-kB activation in anti-Ro/SSA Abs-treated healthy SGEC,
we used a mutant form of IkB-a. This dominant negative
super-repressor IkB-a contains mutations at residues 32 and
36, which disrupt phosphorylation and subsequent degrada-
tion. The super-repressor IkB-a mutant is still capable of

binding NF-kB and inhibiting DNA binding and NF-kB
transcriptional activity. The healthy SGEC were treated with
anti-Ro/SSA Abs after transfection with a vector contain-
ing the mutated variant of IkB-a and NF-kB activation was
determined by luciferase assay. Luciferase activity was eval-
uated by measuring photon emission after incubation with
the luciferin substrate. As shown in Figure 4a, transfection of

Figure 3 Tumor necrosis factor (TNF)-a converting enzyme (TACE) is involved in anti-Ro/SSA Abs-dependent nuclear factor-kB (NF-kB) nuclear

translocation. NF-kB activity evaluation in anti-Ro/SSA Abs plus TAPI-1-treated salivary gland epithelial cells (SGEC) using the NF-kB consensus DNA

binding ELISA assay to detect bound NF-kB p65 subunits. The figure clearly demonstrates changes in the levels of NF-kB activation showing a reduction

of NF-kB activity following TAPI-1 treatment. Analysis of the nuclear extracts revealed that, after stimulation with exogenous soluble TNF-a, in anti-Ro/SSA

Abs plus TAPI-1 treated cells, p65 is observed to translocate into the nucleus, demonstrating that the specific inhibitor of TACE blocks NF-kB activation

and nuclear translocation preventing release of soluble form of TNF-a. Experiments were repeated four times with similar design and results.

Figure 4 Blockade of nuclear factor-kB (NF-kB) activation through inhibitory kB-alpha (IkB-a) dominant negative blunts anti-Ro/SSA autoantibodies (Abs)

induction of proinflammatory genes. (a) Effect of dominant negative super-repressor IkB-a (IkB-a DN) transfection on NF-kB activation in anti-Ro/SSA

Abs-treated salivary gland epithelial cells (SGECs). Healthy SGECs were transiently transfected with serum-free McCoy’s 5a medium containing 25 ml/ml

of Lipofectamine 2000 reagent and 10 mg/ml of IkB-a DN (that contains mutations at residues 32 and 36 inducible phosphorylation sites) and a plasmid

DNA including a NF-kB luciferase reporter construct or the empty vector (pCMV) according to the manufacturer’s instructions. At 48 h after transfection,

cells were treated with anti-Ro/SSA Abs and cell extracts were prepared for luciferase activity assay as described in Materials and Methods. Results

were normalized to b-galactosidase activity and plotted as the means of triplicates of a representative experiment out of at least three independent

experiments. (b) Blokade of NF-kB through the super-repressor IkB-a DN affect inflammation-related genes expression. Human SGEC were screened with

real-time PCR array for changes in the expression of inflammation-related genes after transfection with IkB-a DN and treatment with anti-Ro/SSA Abs.

Removal of the IkB-a feedback regulation of NF-kB resulted in prolonged NF-kB activation that alters anti-Ro/SSA-dependent proinflammatory cytokines

expression. (Data represent the mean±s.e. of three independent experiments).
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the dominant negative super-repressor IkB-a significantly
attenuated NF-kB activity, resulting in a 1.6-fold reduction in
photon emission. In direct contrast, anti-Ro/SSA Abs treat-
ment of healthy SGEC that present the non-mutated form
of IkB-a (pCMV) caused a 5.5-fold increase in reporter
expression. To further examine whether targeting the NF-kB
pathway using the dominant negative super-repressor IkB-a
protein affects inflammatory mediators, cells were screened
with a real-time PCR array for changes in the expression of
inflammation-related genes. Transfection with dominant
negative IkB-a in anti-Ro/SSA-treated SGEC determined
a marked reduction of proinflammatory cytokines gene
expression (Figure 4b). This array analysis suggests that
removal of the feedback regulation of NF-kB by IkB-a
resulted in prolonging NF-kB activation, which sequentially
altered the expression of many NF-kB target genes, such as
proinflammatory cytokines. These studies further support an
Abs-increased NF-kB–DNA binding with increased pro-
inflammatory gene transcription.

DISCUSSION
NF-kB regulates the transcription of innate proinflammatory
immune genes as well as many other genes.26 Most cell types
obtained from patients with autoimmune diseases, unlike
normal cells, constitutively express active NF-kB, through a
mechanism that is not fully understood. We report herein
that anti-Ro/SSA Abs exposure of human SGECs progres-
sively increases NF-kB–DNA binding and proinflammatory
genes expression. The induction of proinflammatory genes
by anti-Ro/SSA Abs is complex, involving increased NF-kB–
DNA binding, in part through anti-Ro/SSA Abs-released
cytokines propagating proinflammatory gene induction,
associated with the activation of the TNF-a convertase TACE.
This finding supports a possible therapeutic role for specific
TACE inhibitors in autoimmune diseases such as SS.

In previous studies, we investigated the pathogenic role of
anti-Ro/SSA Abs, the anti-nuclear Abs characterizing SS and
primarily directed against a number of antigenic proteins
coupled to small RNA molecules. We demonstrated that Abs
can access SGEC via Fcg receptors, transmembrane receptors
that recognize the Fc part of the IgG, leading to various
functional cellular alterations.20,27 SGEC express the TNF-a
receptors and produce the TNF-a cytokine following
anti-Ro/SSA Abs internalization28 responsible for the con-
stitutive activation of NF-kB observed in SGECs derived
from patients with SS. The active NF-kB was associated with
the downregulation of TNFAIP3, that is, a negative feed-
back regulator of TNF-a signaling through NF-kB.24 TNF-a
is a prototype target gene of the NF-kB signaling pathway
and may function in an autocrine/paracrine manner to
propagate cytokine production and activate the NF-kB
signaling pathway.29,30 Furthermore, we previously found
that both TNF-a and TACE were induced by anti-Ro/SSA Abs
treatment of human SGECs cultures, and the TACE-TNF-a-
amphiregulin axis could be involved in one of the mechanism

responsible for the proinflammatory cytokines overexpres-
sion characterizing SS.8

In this context, anti-Ro/SSA Abs induction of NF-kB–
DNA binding and target proinflammatory gene expression
were studied in this work using the TACE inhibitor TAPI-1
that has been validated in preclinical trials for the treat-
ment of autoimmune diseases.31 In addition, to evaluate the
specific contribution of IkB-a phosphorylation to TACE-
induced NF-kB activation in SGEC, we used the dominant
negative super-repressor IkB-a, which disrupts phosphor-
ylation and subsequent degradation, preventing NF-kB
nuclear translocation. Following the discovery of pro-
inflammatory cytokines accumulation in functionally and
structurally damaged areas of the salivary glands,3,6 we first
assessed any differences in the level of gene expression of
inflammatory mediators, such as cytokines/chemokines, in
human SGECs treated with the anti-Ro/SSA Abs character-
izing SS. The screening for abnormally expressed inflamma-
tory mediators demonstrated that anti-Ro/SSA Abs enhanced
the expression of CXC chemokines, CC chemokines, several
ILs and their receptors. To confirm results obtained in
healthy SGEC under anti-Ro/SSA Abs treatment, we evalua-
ted the expression of some selected cytokines (IL-13, IL-17,
IL-22) in the SS labial salivary glands biopsy samples,
demonstrating a strong positive staining for proinflamma-
tory cytokines located in the cytoplasm of acini and ductal
cells. The combined study conducted on SS biopsy samples,
and anti-Ro/SSA Abs-treated SGEC supports the presence
of a pronounced inflammatory cell component in SS and
demonstrated that anti-Ro/SSA Abs contribute to the ampli-
fication of the epithelial-derived cytokine cascade. It has been
hypothesized that small-sized, orally bioavailable TACE
inhibitors might have the potential to effectively treat
inflammatory diseases by limiting the levels of soluble TNF-a,
that has an important role in inflammatory disorders of both
inflammatory and non-inflammatory origin.32 It has also
been demonstrated that inhibition of TACE by small-mole-
cular-weight orally bioavailable drugs is effective in blocking
downstream cytokine production.33 On the basis of this
hypothesis, we sought to investigate the possibility that
TAPI-1 regulates proinflammatory cytokines production in
anti-Ro/SSA Abs-treated SGEC. We found that the addition
of TAPI-1 to anti-Ro/SSA Abs-treated SGEC reduced the
inflammation and TAPI-1 led to a marked reduction of
proinflammatory cytokines production. A human cytokine
array was utilized to evaluate various cytokines (IL-1a, IL-1b,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-12, IL-17A, IFN-g, TNF-a) at
messenger RNA and protein level. All inflammatory cyto-
kines were decreased in the supernatants of SGEC treated
with anti-Ro/SSA Abs plus TAPI-1, demonstrating that TACE
inhibition may be an attractive approach consisting of in-
terfering with circulating levels of TNF-a to treat in-
flammatory autoimmune diseases.

Recently, substantial progress has been made in under-
standing the mechanisms that control the dynamics of NF-kB
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activation and several studies are attempting to clarify the
effect of activation of the TACE/TNF-a/NF-kB pathway in
inflammatory states.16 In this study, we explored the puta-
tive role of TACE on NF-kB activation in an autoimmune
disorder. NF-kB has been shown to be chronically active in
many inflammatory autoimmune diseases such as inflamma-
tory bowel disease,34 rheumatoid arthritis35 and systemic
lupus erythematosus36 as well as SS.22 In fact, we previously
demonstrated enhanced levels of NF-kB activation in SS as
compared with normal subjects, suggesting that the NF-kB
signal is important in human salivary gland cells for modula-
ting immune responses.22 In the present study we found that
SS Abs are able to trigger the signal transduction pathways
involved in NF-kB activation leading to enhanced gene
expression of proinflammatory mediators. As the induction
of proinflammatory genes by anti-Ro/SSA Abs is complex
and involves increased NF-kB–DNA binding, we tested the
effect of TAPI-1 on NF-kB activation and NF-kB-mediated
regulation of proinflammatory cytokines production. We
found that administration of the TACE inhibitor TAPI-1
blocks the anti-Ro/SSA Abs-stimulated translocation of
NF-kB to the nucleus and this occurs through TACE. This
was confirmed by the addition of exogenous soluble TNF-a
to anti-Ro/SSA Abs-treated SGEC in which we neutralized
TACE with TAPI-1. After stimulation with exogenous soluble
TNF-a, NF-kB is observed to translocate to the nucleus,
demonstrating that TAPI-1 blocks NF-kB activation pre-
venting the release of the soluble form of TNF-a.

The next step was to study the role of NF-kB on anti-Ro/
SSA Abs-determined proinflammatory gene expression in
depth, using the dominant negative super-repressor inhibi-
tory protein IkB-a. IkB-a is an essential regulator of the
NF-kB transcription factor, which orchestrates the expression
of a plethora of genes that are essential for controlling
apoptosis, cell proliferation, and immune and inflammatory
responses.37,38 One of the key target genes induced by NF-kB
is its inhibitor IkB-a, which in turn inhibits NF-kB activity
and thus establishes a feedback regulation mechanism for
controlling NF-kB activity.39 Our findings demonstrate a
central role of the feedback regulation of NF-kB activity by
IkB-a in the control of proinflammatory cytokines produc-
tion induced by SS Abs. Our real-time PCR array results
suggest that removal of the feedback regulation of NF-kB
by IkB-a resulted in prolonging NF-kB activation, which
sequentially altered the expression of proinflammatory
cytokines.

Taken together, these studies are consistent with the hypo-
thesis that immune activation and inflammatory cytokines
such as TNF-a have an important role in the origin and
progression of SS. As TACE is helpful in processing many
substrates, its inhibition might be successfully used in dis-
eases in which TNF-a antagonism has been validated.
Although further studies are needed to clarify the mechan-
isms underlying SS, our results demonstrate that SS Abs
exert their pathogenic effects via triggering the TACE/TNF-a/

NF-kB axis. Furthermore, our findings revealed an essential
role of the feedback regulation of NF-kB activity by IkB-a
in monitoring the proinflammatory cytokines production
observed in SS, suggesting that NF-kB signaling may be a
potential therapeutic target in SS and other autoimmune
diseases. The novel mechanism described in our manuscript
could offer potential targets for the treatment of pathologies
associated with increased TNF-a levels and new therapeutic
developments such as agents that modulate the production of
TNF-a. The benefit of such targeted therapy will depend on
the delicate balance between suppressing inflammation and
interfering with normal cellular functions. By selectively
targeting TACE or specific NF-kB subunits or IkB-a proteins
that have a degree of tissue specificity, one might attain
therapeutic efficacy and minimize systemic toxicity.

Supplementary Information accompanies the paper on the Laboratory

Investigation website (http://www.laboratoryinvestigation.org)
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