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Summary

Sj€ogren’s syndrome (SS) is an autoimmune disease and the second most

common chronic systemic rheumatic disorder. Prevalence of primary SS in

the general population has been estimated to be approximately 1–3%,

whereas secondary SS has been observed in 10–20% of patients with

rheumatoid arthritis, systemic lupus erythematosus (SLE) and scleroderma.

Despite this, its exact aetiology and pathogenesis are largely unexplored.

Nuclear factor-kappa B (NF-jB) signalling mechanisms provide central

controls in SS, but how these pathways intersect the pathological features of

this disease is unclear. The ubiquitin-editing enzyme A20 (tumour necrosis

factor-a-induced protein 3, TNFAIP3) serves as a critical inhibitor on NF-

jB signalling. In humans, polymorphisms in the A20 gene or a deregulated

expression of A20 are often associated with several inflammatory disorders,

including SS. Because A20 controls the ectodysplasin-A1 (EDA-A1)/

ectodysplasin receptor (EDAR) signalling negatively, and the deletion of

A20 results in excessive EDA1-induced NF-jB signalling, this work

investigates the expression levels of EDA-A1 and EDAR in SS human

salivary glands epithelial cells (SGEC) and evaluates the hypothesis that SS

SGEC-specific deregulation of A20 results in excessive EDA1-induced NF-

jB signalling in SS. Our approach, which combines the use of siRNA-

mediated gene silencing and quantitative pathway analysis, was used to

elucidate the role of the A20 target gene in intracellular EDA-A1/EDAR/

NF-jB pathway in SS SGEC, holding significant promise for compound

selection in drug discovery.
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Introduction

Sj€ogren’s syndrome (SS) is an autoimmune disorder and

the second most common chronic systemic rheumatic dis-

ease characterized by extraglandular manifestations, variable

severity of salivary gland hypofunction, infiltration of lym-

phocytes and plasmacytoid dendritic cells and decreased sal-

ivary secretion [1]. The transcription factor nuclear factor-

jB (NF-jB) represents a central regulator of signals that

lead to inflammatory reaction, cell adhesion, cell growth,

differentiation, apoptosis and regulation of immune

responses [2,3], and plays a prominent role in SS affecting

the chronic inflammation characterizing this disease [4–11].

The NF-jB activation was regulated negatively through the

ubiquitin-editing enzyme A20 (tumour necrosis factor-a-

induced protein 3, TNFAIP3) [12–15] that was deregulated

in human salivary gland epithelial cells (SGEC) from SS

patients [11]. Recent findings demonstrated that A20 plays

a role in controlling the activity of three genes, mutated in

hypohidrotic/anhidrotic ectodermal dysplasia (HED/EDA),

which has been involved in NF-jB activation: ectodysplasin

(EDA-A1), EDA-receptor (EDAR) and EDAR-associated

death domain (EDARADD) [16–19]. Like the TNF/TNFR

system, EDA-A1/EDAR signalling is thought to be primarily

through the canonical NF-jB pathway [20] that induces

nuclear translocation of the NF-jB [21]. On the basis of

these premises, in the present work we investigate the

expression levels of EDA-A1 and EDAR genes and proteins

in SS salivary gland, aiming to demonstrate that SS SGEC-

specific deregulation of A20 results in excessive EDA-A1/

EDAR-induced NF-jB activation.

VC 2016 British Society for Immunology, Clinical and Experimental Immunology, 184: 183–196 183

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/cei.12764



Materials and methods

Patient population

Twenty-four primary SS (pSS) patients, confirmed to have

definite disease according to the revised 2002 American–

European Consensus Group, and displaying a salivary

gland focus score of at least 3, were enrolled into the study

[22]. All patients had the clinical symptoms of dry eyes and

mouth, the Schirmer’s test (less than 5 mm wetting of a

strip of filter paper per 5 min) performed was positive, and

had Rose Bengal staining (increased uptake of Rose Bengal

dye in devitalized areas in the conjunctiva and cornea. The

presence of at least one of the following autoantibodies,

anti-SS-related antigen A (Ro/SSA), anti-SS-related antigen

La/SSB, anti-nuclear antibodies and rheumatoid factor, was

detected. None of the patients studied had received gluco-

corticoid and/or immunosuppressive drug treatment and/

or biological therapy at the time of the lip biopsy. Healthy

labial salivary gland biopsy (LSG) biopsies were derived

from 15 healthy individuals awaiting removal of salivary

mucoceles from the lower lip. Informed consent from the

subjects and approval by the local ethics committee were

obtained. The healthy subjects had no complaints of oral

dryness, any autoimmune disease and normal salivary

function. Labial minor glands were harvested from the

lower lip under local anaesthesia through normal mucosa,

according to the explants outgrowth technique [23].

SGEC culture

pSS and healthy SGEC were isolated from the minor sali-

vary glands (MSG) by microdissection and collagenase

(Millipore, Freehold, NJ, USA) digestion and resuspended

in McCoy’s 5a modified medium [10% fetal bovine serum

(FBS), 1% antibiotic solution, 2 mM L-glutamine, 50 ng/

ml epidermal growth factor (EGF; Promega, Madison, WI,

USA), 0�5 lg/ml insulin (Novo, Bagsvaerd, Denmark)] and

incubated at 378C, 5% CO2 in air. Ethylenediamine tetra-

acetic acid (EDTA) (0�02%) was used to remove contami-

nating fibroblasts. The epithelial origin of cultured cells

was confirmed routinely by staining with monoclonal anti-

bodies against epithelial-specific markers, including the

various cytokeratins and epithelial membrane antigens and

the absence of myoepithelial, fibroblastoid and lymphoid

markers, using immunocytochemistry as described previ-

ously [24].

Reverse transcription–polymerase chain reaction
(RT–PCR)

Total RNA was isolated from variously treated healthy and

pSS SGEC using TRIzol reagent, following the manufac-

turer’s protocol (Invitrogen, Carlsbad, CA, USA). RNA

quality was checked by gel electrophoresis to confirm the

integrity of the RNA preparations. Two lg RNA were

treated with DNase I (GIBCO, Life Technologies, Carlsbad,

CA, USA) prior to reverse transcription with Moloney

murine leukaemia virus reverse transcriptase (GIBCO) in the

presence of RNaseOUT (GIBCO) and 1/10 of the cDNA

preparation for each polymerase chain reaction (PCR) was

used. After initial denaturation at 948C for 5 min, 35 cycles

were performed. Equal amounts of PCR products were run

on a 1�5% agarose gel containing ethidium bromide.

The PCR primers used were: for EDA-A1 forward 50-

TGAACGGCTGAGGCAGACG-30, reverse 50-TCCGAGCG

CAACTCTAGGTA-30; for EDAR forward 50-ACCAGGAG

ATGGAAAA-30, reverse 50-GCTGGATGAGTGTGCTGA-30;

and for nuclear factor of kappa light polypeptide gene

enhancer in B cells inhibitor alpha (IjBa) the primers

used were: forward 50-AACCTGCAGCAGACTCCACT-30,

reverse 50-ACACCAGGTCAGGATTTTGC-30. Densitomet-

ric analysis was performed by gel image software (Bio-

Profil Bio-1D; ltf Labortechnik GmbH, Wasserburg,

Germany) to quantify mRNA expression levels relative to

glyceraldehyde-3-phosphate dehydrogenase (GADPH)

(internal control for lane loading). Sequencing confirmed

the identity of each PCR product.

Quantitative reverse transcription–polymerase chain
reaction (qRT–PCR)

Total RNA was extracted from healthy and pSS SGEC,

reverse-transcribed and cDNA preparation was used for

qRT–PCR. qRT–PCR was performed in a 96-well micro-

titre plate with an ABI PRISM 7700 (Applied Biosystems,

Foster City, CA, USA). Each reaction contained 5 ll of

cDNA template, 2�5 ll of 20 3 probes and primers mix-

ture, 12�5 ll of TaqMan Universal PCR Master Mix, No

AmpErase UNG (Applied Biosystems), in a total volume of

25 ll. Reactions were amplified for 40 cycles. The threshold

was determined as 10 times the standard deviation (s.d.) of

the baseline fluorescence signal. The cycle number at the

threshold was used as the threshold cycle (Ct). Primers for

real-time PCR were purchased from SABiosciences [Freder-

ick, MD, USA; catalogue numbers PPH10986A (EDA) and

PPH09589B (EDAR)].

Genomic DNA (gDNA) extraction from minor
salivary gland tissues

gDNA was extracted from fresh SS and healthy salivary

gland tissues using DNAzol (Molecular Research Center,

Cincinnati, OH, USA), according to the manufacturer’s

instructions. Salivary glands were lysed in 10 mM Tris pH

7�4, 5 mM EDTA, 1% (v/v) Triton X-100 for 20 min on ice.

One ml of DNAzol was then added in the presence of pro-

teinase K (Sigma, St Louis, MO, USA; 100 lg/ml) for 30

min at 378C. After centrifugation at 11 000 g for 20 min at

108C, the supernatant was collected and RNAse A (Sigma;

20 lg/ml) was added for 1 h at 378C, in order to eliminate

contaminating RNA. The DNA extracted was precipitated
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in 100% (v/v) ethanol and centrifuged at 11 000 g for 20

min. Purified DNA was dissolved in 8 mM NaOH, sepa-

rated by electrophoresis (50 lg for well) in a 2% (w/v) aga-

rose gel and visualized by ethidium bromide staining.

PCR on gDNA samples and exon sequencing of EDA
gene

Selected exons and their flanking intronic sequences were

amplified using the Accuprime kit (Life Technologies)

according to the manufacturer’s instructions and PCR

assays were run by an Applied Biosystem Gene Amp PCR

system 9600; PCR products were purified by the AMPure

purification kit (Beckman Coulter, Brea, CA, USA); they

were then sequenced in forward and reverse directions

using the ABI prism Big Dye terminator version 3�1 ready

reaction cycle sequencing kit and the ABI PRISM 3730xl

Genetic Analyzer (Applied Biosystems). Exon-specific

primer pairs adopted for both PCR and sequencing were

designed on the EDA gene reference sequence (NCBI

Accession no. NG_009809.1) with respect to the eight

exons containing the entire coding sequence, and com-

prised in the reference EDA-A1 variant mRNA

(NM_001399.4); details of selected oligonucleotide sequen-

ces are reported in Table 1.

In-silico analysis of exon sequences

Electropherograms from gDNA sequencing of the eight

exonic regions within their flanking nucleotide traits were

analysed and processed by Chromas Lite 2�1�1 chromato-

gram editor freeware (Technelysium Pty Ltd, South Bris-

bane, Australia). To check for nucleotide identity, forward

and reverse sequences deriving from control and patient

gDNA samples were aligned by the ClustalW2 multiple

sequence alignment tool at http://www.ebi.ac.uk/Tools/

msa/clustalw2/, and compared to the human reference

mRNA sequence for the EDA gene (EDA A1 variant, RefSeq

mRNA NCBI Accession no. NM_001399.4) by the CAP3

sequence assembly program at http://doua.prabi.fr/cgi-bin/

run_cap3. Analysis of donor and acceptor splice sites at

exon–intron–exon boundaries was conducted by compar-

ing the exon-specific multiple alignments to the mRNA-to-

genomic alignment performed by the Spidey web-based

program (http://www.ncbi.nlm.nih.gov/spidey/) that was

adopted to obtain feedback of the canonical splice sites and

gene structure; specifically, Spidey was used to align the

EDA gene reference sequence (Accession no. NG_009809.1)

with seven mRNA reference sequences related to the splic-

ing variants reported in the NCBI nucleotide database

(namely, Accession nos NM_001399.4, BC144049.1,

XM_006724630.1, NM_001005609.1, NM_001005612.2,

NM_001005610.3, NM_001005613.3).

Immunohistochemistry

EDA-A1 and EDAR proteins expression were assessed on

paraffin-embedded tissue samples derived from pSS

patients and healthy subjects and were processed for

immunohistochemical staining. The tissue samples were

cut into 3-lm-thick sections by a microtome after deparaf-

finization and dehydration and the slides were washed in

Tris-buffered saline (TBS) (Sigma-Aldrich, St Louis, MO,

USA) containing 0�1% bovine serum albumin (BSA).

Endogenous peroxidase activity was quenched by incubat-

ing the slides in a solution of 700 ll H2O2 (30%) in 70 ml

methanol. The sections were pretreated with pepsin (0�4%)

for 30 min at 378C. Blocking was performed with normal

serum. After incubation with primary antibody against

EDA-A1 (sc-18927; dilution 1 : 50) and EDAR (sc-15290;

dilution 1 : 50) (both from Santa Cruz Biotechnology,

Santa Cruz, CA, USA) at room temperature for 60 min, the

slides were washed in TBS buffer, the horseradish peroxi-

dase (HRP)-conjugated secondary antibody (donkey anti-

goat HRP; Santa Cruz Biotechnology) was added and the

slides were incubated at room temperature for 30 min.

Afterwards, the slides were incubated with diaminobenzi-

dine tetrahydrochloride (DAB) (Sigma) as substrate and

counterstained with haematoxylin (Merck Eurolab, Dieti-

kon, Switzerland). Sections with no primary antibody were

used as a negative control. The slides were mounted and

imaging acquisition was performed using a Nikon Eclipse

Table 1. Oligonucleotide sequences of exon-specific primer pairs for polymerase chain reaction (PCR) and sequencing.

Exon Forward 50 30 Sequence (Tm) Reverse 50 30 Sequence (Tm) PCR size bp

1 TGAACGACAGCGCCAGTCA (59�5) AACTTCTCCCTTGCTCGCCT (58) 1000

2 GTACAGTGGAGGGGAAGAT (53�3) CACCATGCCCTACCAAGA (54�4) 350

3 TGACCCTTGGCTGTGAGACT (58�4) AATAACAGACAGACAATGCTGA (52) 270

4 CGCCTGTAATCCCAGTTACT (54�2) TACTGGCTTGTCCAATTCCTAGT (55�7) 500

5 CTCTGAGCCCTGGAGAATA (53�1) GAAATAAAGCCTCAGGAAATCT (50�6) 270

6 GTAGTCAGTAACATCCCAAGACA (54) AAAGAATGACTTCGTATGCCA (52) 330

7 GATAAAGACAGACAGGCAGA (51�6) ATTGGATGGTCTTGGCTG (52�4) 450

8 AAGAACAATGCCTGTCACCT (54�5) GGCATTTCTCTGCGGCTG (57) 550

Nucleotide sequences and melting temperatures (tm)� are reported for primer pairs adopted for PCR and sequencing assays on exons 1–8 of

the human ectodysplasin (EDA) gene. Each exon-specific predicted PCR product size is reported� and comprises the flanking (upstream and

downstream) intronic sequences included in the primer pair amplification region.

EDA-A1/NF-jB signalling in Sj€ogren’s syndrome
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inverted fluorescence microscope (Nikon, Inc., Melville,

NY, USA) equipped with the camera system (Nikon).

Western blot analysis

Healthy and pSS labial salivary glands tissues were homog-

enized in a buffer (500 ll) containing 1% Triton X-100,

50 mM Tris–HCl (pH 7�4), 1 mM phenylmethylsulphonyl

fluoride (PMSF), 10 lg/ml soybean trypsin inhibitor and

1 mg/ml leupeptin. Bradford’s protein assay was used to

determine spectrophotometrically the protein concentra-

tion in the supernatant, and the protein lysates were sub-

jected to sodium dodecyl sulphate-polyacrylamide gel

electrophoresis (SDS-PAGE). Proteins (30 lg/lane) and

prestained standards (BioRad Laboratories, Hercules, CA,

USA) were loaded onto SDS-polyacrylamide precast gels,

and after electrophoresis proteins were transferred to nitro-

cellulose membranes. For gel and membrane saturation

and blot, a blot buffer [20 mM Tris/150 mM glycine, pH 8,

20% (v/v) methanol] was used. Blots were 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 and washed

three times with 0�1% (v/v) Tween 20-PBS 19 (T-PBS).

Membranes were incubated for 90 min with goat anti-

human EDA-A1 polyclonal antibody (pAb) (sc-18927;

dilution 1 : 200), goat anti-human EDAR pAb (sc-15290;

dilution 1 : 200), (both from Santa Cruz Biotechnology)

and for 30 min with the relative secondary antibodies-HRP

conjugates (Santa Cruz Biotechnology). Proteins recog-

nized by the antibodies were revealed using chemolumines-

cence luminal reagent (Santa Cruz Biotechnology)

according to the protocol. The b-actin (b-actin protein)

level was determined by Western blot and used as protein

loading control.

Flow cytometry analysis

For flow cytometric analysis, pSS and healthy SCEC were

incubated with rabbit anti-human EDA-phycoerythrin

monoclonal antibody (mAb) and rabbit anti-human EDAR

phycoerythrin mAb (both from Bioss Inc. Woburn, MA,

USA, catalogue numbers bs-12347R-PE and bs-13050R-PE,

respectively). To confirm the specificity of primary anti-

body binding and rule out non-specific Fc receptor binding

or other cellular protein interactions, an isotype control

was employed and cells were Fc-blocked by treatment with

human immunoglobulin (Ig)G (R&D Systems, Minneapo-

lis, MN, USA) prior to staining. In addition, indirect stain-

ing using only the secondary antibody was used as negative

standard. The protein expressions were analysed by a Bec-

ton Dickinson (BD, Heidelberg, Germany) fluorescence

activated cell sorter (FACS)Canto II flow cytometer and

BD FACS Diva software. The data were expressed as mean

fluorescence intensity (MFI).

NF-jB activity assay

NF-jB activity was measured in nuclear protein extracts by

the TransAMTM NF-kB p65 protein assay (Active Motif,

Carlsbad, CA, USA), an enzyme-linked immunosorbent

assay (ELISA)-based method designed specifically to detect

and quantify NF-jB p65 subunit activation, with high sen-

sitivity and reproducibility. Briefly, nuclear fractions were

harvested from cells using the nuclear extraction kit follow-

ing the manufacturer’s suggestions. Bradford’s method was

used to determine protein concentration in the nuclear

extract. To each well containing a NF-jB consensus binding

site (50-GGGACTTTCC-30), 10 lg of nuclear extract in cell

binding and cell lysis buffer were added in triplicate. We

used 5 lg of nuclear extract of Raji cells (a Burkitt’s lym-

phoma cell line) as positive control (Active Motif). To

assess DNA binding specificity, excess wild-type and

mutant competitor oligonucleotides can be added into the

binding reaction. The absorbance was measured at 450 nm

by the VERSAmax microplate reader (Molecular Devices

Corporation, Silicon Valley, CA, USA).

siRNA synthesis and transfection

The siRNA sequences used for targeted down-regulation of

human A20 were designed and synthesized by Ambion

(Austin, TX, USA, pre-designed siRNA). An irrelevant

siRNA with random nucleotides and no known specificity

was used to normalize relative gene inhibition of the target

gene. Twenty-four h before transfection, healthy SGEC cul-

tured in McCoy’s 5a modified medium were transferred

onto a 24-well plate (pre-plating) to reach 50–80% conflu-

ence and were then transfected with siRNA for A20 using

the siPORT NeoFX transfection agent (Ambion). The siR-

NAs were mixed and diluted in OPTI-MEM1 medium to a

final concentration of 30 nM/well. The siRNA/transfection

agent was dispensed into culture plates, as directed by the

manufacturer’s manual. The highest efficiency in silencing

the targeted gene was obtained by using mixtures of siRNA

duplexes targeting different regions of the gene of interest.

Glyceraldehyde 3-phosphate dehydrogenase (GAPDH,

NM_204305.1) was used to design siRNA primers as posi-

tive controls (Ambion), and a negative control with no

known sequence similarity to human genes was included.

Silencing was observed by mRNA quantification by qRT–

PCR.

Transient transfection with the dominant negative
mutant form of IjBa

SS SGEC, 5 3105, were seeded per well in a 24-well tissue

culture dish and transfected transiently using lipofectamine

2000 reagent (Invitrogen) with 10 lg/ml of dominant-

negative inhibitory jBa proteins (IjBa) vector (IjBaDN)

and a plasmid DNA, including a NF-jB luciferase reporter

construct or the empty vector (pCMV; Clontech,
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San Diego, CA, USA), according to the manufacturer. The

IjBaDN resulted mutated at the two inducible phospho-

rylation sites 32 and 36, and this disturbs phosphorylation

and subsequent degradation. The IjBaDN was kindly

gifted from Dr P. Bauerle, University of Munich and Dr M.

Lienhard Schmitz, Deutsches Krebsforschungszentrum,

Germany. The NF-jB luciferase vector contains four tan-

dem copies of the NF-jB consensus sequence fused to a

TATA-like promoter region from the Herpes simplex virus

thymidine kinase promoter. Luciferase activity was meas-

ured by the Luciferase Reporter Assay System (Promega,

Madison, WI, USA) and detection of b-galactosidase in the

same sample was used to assay transfection efficiency.

Statistics

The data were analysed for normality using the Wilks–Sha-

piro test. Differences in means for paired observations were

analysed by Student’s t-test, P < 0�05 being considered stat-

istically significant.

Results

qRT–PCR measurement of EDA and EDAR mRNAs
in SGEC from pSS patients and healthy subjects

We began by examining the expression of both EDA-A1

and EDAR gene in SGEC from primary SS patients

(n 5 24; aged 2–76 years), compared with SGEC from

healthy individuals (n 5 15, aged 20–65 years) using quan-

titative RT–PCR analysis (Fig. 1). qRT–PCR was achieved

successfully in all cases examined, as amplification was

observed for both the EDA-A1 (Fig. 1a) and EDAR gene

markers (Fig. 1b). As shown in Fig. 1, the level of EDA-A1

and EDAR mRNAs were expressed in higher amounts in

pSS patients than in controls. The results monitored by

real-time PCR showed a significant increase (P < 0�01) of

EDA-A1 and EDAR mRNA expression in SS SGEC

(3�1 6 0�8 and 2�8 6 0�9 times, respectively) when com-

pared with healthy SGEC, revealing up-regulation of EDA-

A1 and EDAR gene expression in SS.

In-silico analysis of sequenced EDA-A1 exonic regions
from control and patients’ gDNA

Mutations in mouse Eda or human EDA are associated

with absent or hypoplastic sweat glands, sebaceous glands,

lacrimal glands, salivary glands, mammary glands and/or

nipples, and mucous glands of the bronchial, oesophageal

and colonic mucosa [25]. Patients with HED have been

shown to have salivary gland hypoplasia and variably

reduced salivary secretion [26–28], as also occurs in SS

patients characterized by diminished salivary flow. Based

on this evidence, in the current study DNA samples

extracted from SS salivary glands were analysed to evaluate

possible alterations of the EDA gene and to discover a pos-

sible correlation between the eventual mutations and clini-

cal or morphological parameters of SS disease. Genomic

DNA samples were extracted from four salivary gland biop-

sies derived from SS patients and from human healthy sub-

jects, and exon-specific primers were used for sequencing

of exons 1–8, within their flanking non-coding regions,

along the EDA gene, in order to check for nucleotide iden-

tity in exon sequences from patient samples with respect to

control. Oligonucleotide sequences of exon-specific primer

pairs for PCR and sequencing are reported in Table 1. By

performing sequence alignments, exon regions were identi-

fied and consequent exon-specific sequence analysis

showed 100% nucleotide identity between control and

patients for each exon analysed. Sequenced exons 1–8 also

showed no difference with the corresponding nucleotide

regions in the reference mRNA sequence (NCBI Accession

no. NM_001399.4); the identified exonic regions com-

prised the entire predicted CDS, from the ATG initiation

codon in exon 1 to the TAG termination codon in exon 8.

Also, analysis of exon–intron and intron–exon junctions

showed canonical consensus sequences of donor/acceptor

splice sites, conserved between sequences from human

Fig. 1. Quantitative real-time polymerase chain reaction (PCR) for ectodysplasin (EDA)-A1 and EDA-receptor (EDAR) gene expression. EDA-A1

(a) and EDAR (b) genes are up-regulated in Sj€ogren’s syndrome salivary gland epithelial cells (SS SGEC) derived from SS patients compared with

human (H) SGEC. Representative histograms of mRNA levels expression of EDA-A1 and EDAR in healthy (H) SGEC and SS SGEC. Data are

presented as fold induction of EDA-A1 and EDAR mRNA levels after normalizing to b-2-microglobulin expression [mean 6 standard error (s.e.)

of five independent experiments, *P < 0�01].
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control and SS patients (Fig. 2; for complete alignment

details, please see Supporting information S1).

EDA-A1 and EDAR proteins are over-expressed in
patients with Sj€ogren’s syndrome

In order to validate the up-regulation of EDA-A1 and

EDAR gene expression level in SS patients, we next ana-

lysed the cell-specific distribution of these proteins in

paraffin-embedded sections from the salivary glands of

normal subjects and patients with SS by immunohisto-

chemical analysis (Fig. 3). The histological examination

of the glandular epithelium of the normal salivary glands

revealed moderate immune-positive EDA-A1 and EDAR

proteins, both of which showed staining that was local-

ized predominantly in the ductal epithelial cells (Fig.

3b,e), while negligible in the acinar cells (Fig. 3b,e). By

contrast, we detected a remarkable positive staining for

the EDA-A1 (Fig. 3c) and its receptor EDAR (Fig. 3f) in

the biopsy specimens from SS patients in respect of

healthy control subjects, distributed in the cytoplasm

and membrane of ductal cells. Acinar cells exhibited a

very weak expression of EDA-A1 and EDAR compared to

ductal cells (Fig. 3c,f). Diffuse infiltrating mononuclear

cells were found in the salivary glands of SS biopsies

around the blood vessels (Fig. 3c,f), but not in those of

normal subjects (Fig. 3b,e). Omission of the primary

antibody resulted in the absence of specific labelling (Fig.

3a,d). Our immunohistochemical findings clearly

revealed substantial differences in the levels of EDA-A1

and EDAR protein expression between healthy controls

and SS patients’ salivary gland biopsies.

Fig. 2. In-silico analysis of

sequenced ectodysplasin (EDA)

exonic regions. Rectangles

include representative

alignments of the 8 exon

sequences identified in control

(ctrl) and two selected patients

(pat1, pat2) gDNA samples.

Underscoring asterisks indicate

single nucleotide identity. The

up- and down-stream intron

sequences are reported,

showing the donor (GT, green)

and acceptor (AG, blue)

canonical splice sites,

respectively. In exon 1

alignments, the conserved ATG

initiation codon is reported;

also, in exon 8 alignment the

predicted TAG termination

codon has been detected in

each sequence analysed.
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To support the notion that EDA-A1 and EDAR protein

are expressed strongly in SS tissues, we next assessed cul-

tured SGEC cells for EDA-A1 and EDAR protein expression

by Western blot analyses. The protein levels of EDA-A1 and

EDAR in healthy and SS SGEC are shown in Fig. 4. Blotting

for EDA-A1 and EDAR detected two strong bands at 41

kDa and 49 kDa, respectively (Fig. 4c,d), based on the rela-

tive intensity of EDA-A1 and its receptor (by comparing

with b-actin), resulting in over-expressed SGEC derived

from SS salivary gland tissues in comparison with healthy

SGEC. Specificity was proved in controls without the pri-

mary antibody, which was deemed negative (not shown).

As suggested by the results of the densitometric analysis

(Fig. 4a,b), EDA-A1 and EDAR was expressed more abun-

dantly in the SS patients than in the healthy controls. The

over-expression of each protein was statistically significant

(P < 0�01). To confirm immunohistochemistry and West-

ern blot results, one detailed analysis of EDA-A1 and

EDAR expression was performed with flow cytometry of

SGEC derived from Sj€ogren’s syndrome biopsies and

healthy donors and reported in Fig. 4e–h, which shows an

example of flow cytometric images from one representative

experiment. The expression of EDA-A1 protein (e) was

increased from 61�8% 6 1�9 of the healthy SCEC value to

97�4% 6 1�3 (P < 0�01) of SS SGEC. The expression of

EDAR (f) followed a similar trend (59% 6 1�5 for healthy

control SGEC versus 96% 6 1�2 for SGEC derived from SS

patients). A significant increase in the levels of EDA-A1

expression (Fig. 4g), as measured by MFI, was observed on

the SS SGEC (median MFI 5 13 589 6 220) compared

with that of healthy subjects (median MFI 5 3312 6 183,

P < 0�01). A similar result was also observed for EDAR

protein (Fig. 4h) (MFI 5 3500 6 220 for healthy SGEC

versus MFI 5 12 600 6 250 for SS SGEC, P < 0�01), pro-

viding strong evidence that EDA-A1 and EDAR proteins

were over-expressed in SS SGEC.

A20 acts as a regulator of the EDA-A1 pathway to
NF-jB activation in pSS SGEC

As well as its role in controlling inflammation and prevent-

ing apoptosis, NF-jB is also involved in the development

of epidermal derivatives, such as hair, nails and sweat

glands [29,30], in which signalling is initiated by the bind-

ing of EDA-A1 to the epidermal-specific TNF-receptor

Fig. 3. Increased immunoreactivity of ectodysplasin (EDA)-A1 and EDA-receptor (EDAR) in Sj€ogren’s syndrome (SS) tissues in comparison to

healthy control cells. Expression and localization of EDA-A1 and EDAR proteins in sections from the salivary glands of normal subjects (b,e) and

patients with SS (c,f) by immunohistochemistry. Selected healthy and SS biopsy tissues were processed as described in Materials and methods.

Immunostaining of labial salivary gland sections shows a strong EDA-A1 (c) and EDAR (e) reactivity on ductal epithelial cells in SS patients.

Negative controls without primary antibody were included in each experiment to verify antibody specificity (a,d). Brown staining shows positive

immune reaction; blue staining shows nuclei. Bar 5 20 lm. Arrows show EDA-A1 and EDAR distribution in the cytoplasm of ductal cells of

healthy (b,e) and SS (c,f) salivary glands.
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Fig. 4. Over-expression of ectodysplasin (EDA)-A1 and EDA-receptor (EDAR) protein in Sj€ogren’s syndrome salivary gland epithelial cells (SS

SGEC). Densitometric analysis (a,b) and Western blot analysis (c,d) of EDA-A1 and EDAR. Immunoblotting gave rise to bands of the expected

size (41 kDa for EDA-A1 and 49 kDa for EDAR). The EDA-A1 and EDAR protein expression levels were increased significantly in Sj€ogren’s

syndrome (SS) patients with active SS cytometric analysis of EDA-A1 and EDAR proteins. (e,f) Examples of flow cytometric images from one

representative experiment. Negative controls represent cells stained only with secondary antibody. Isotype controls represent isotype-specific

control antibody staining. (g,h) Results obtained by flow cytometry were expressed as the relative mean fluorescence intensity (MFI). Data

represent the mean 6 standard error (s.e.) of MFI from five independent experiments. *P < 0�01.
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family member EDAR. A20 is required for terminating NF-

jB signalling and the in-vivo importance of the A20 anti-

inflammatory activities is illustrated by severe multi-organ

inflammation [11,14,15]. Based on this evidence we

hypothesized that A20 might be a negative regulator of the

EDA-A1 pathway in pSS SGEC. Indeed, by using an ELISA-

based method designed to specifically detect and quantify

NF-jB p65 subunit activation, we demonstrated that the

down-regulated expression of A20 could be responsible for

the observed increased expression of the EDA-A1/EDAR

system in SS SGEC that leads to an increased nuclear trans-

location and activation of NF-jB in SS SGEC (Fig. 5). To

verify this approach, we investigated the regulatory effect of

A20 on the EDA-A1/EDAR/NF-jB system by silencing its

expression in human healthy control SGEC that have high

A20 expression in comparison with SS SGEC [11]. By tran-

siently silencing the expression of A20 with siRNA in

healthy SGEC, we found increased expression of the EDA-

A1/EDAR system compared with untreated healthy SGEC

and scrambled siRNA-treated healthy SGEC. EDA-A1 and

EDAR expression was measured by flow cytometry (Fig.

5a,b) and EDA-A1/EDAR expression, determined and

expressed as mean fluorescence intensity (MFI), increased

after A20 gene knock-down (P < 0�01) (Fig. 5a,b). Concur-

rently, in the same transfected cells, increased NF-jB

nuclear translocation and activation were observed, as

revealed by the TransAMTM NF-jB p65 protein assay appli-

cation (Fig. 5c). To confirm these results, RT–PCR and

real-time PCR was then used to quantify accurately differ-

ences in the expression levels of the NF-jB-target gene

Ijba, which is a known as a NF-jB target gene in cells

with activated NF-jB p50/p65 complexes, after treatment

with siRNA directed against A20. Figure 5d,e shows the rel-

ative amount of mRNA from the Ijba gene. The results

indicate that the expression level for the gene tested was

increased significantly by A20 siRNA transfection, confirm-

ing the increased activity of NF-jB. As EDA-A1 signals

through its receptor and instigates downstream activation

of NF-jB [29], the results obtained through the gene

silencing experimental procedure indicate that, in SGEC,

A20 is an NF-jB response gene in the EDA-A1/EDAR path-

way acting in negative feedback regulation of EDA-A1/

Fig. 5. Effects of A20 gene knock-down on ectodysplasin (EDA)-A1 and EDA-receptor (EDAR) protein expression in human healthy salivary

gland epithelial cells (SS SGEC). (a,b) Human healthy SGEC were transfected with either A20 siRNA or scramble siRNA and then analysed by

flow cytometry. Values are the mean 6 standard error (s.e.) of mean fluorescence intensity (MFI) of triplicate cultures of three independent

experiments. (c) Measurement of nuclear factor kappa B (NF-jB) activity by TransAM NF-jB assay in the nuclear extracts from healthy SGEC

transfected with A20 siRNA and scramble siRNA. Activity of p65 family member of NF-jB was up-regulated significantly as a result of A20 gene

silencing. Data represent mean 6 s.e. of three independent experiments. *P < 0�01. (d) Levels of nuclear factor of kappa light polypeptide gene

enhancer in B cells inhibitor alpha (IjBa) expression were analysed by reverse transcription–polymerase chain reaction (RT–PCR) on mRNA

extracted from SS SGEC and SS SGEC transfected with siRNA against A20 gene (M 5 marker). (e) Band intensities were analysed by

densitometry (data represent the mean 6 s.e. of three independent experiments).*P < 0�01.
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EDAR-induced NF-jB signalling and then, when A20 is

under-expressed, as occurs in SS SGEC, the negative feed-

back regulation of the EDA/EDAR-induced NF-jB pathway

was compromised and this leads to a sustained NF-jB

activation.

NF-jB activity in SS SGEC is induced downstream of
EDA-A1/EDAR signalling

Having demonstrated the activation of the EDA-A1/EDAR-

induced NF-jB signalling in SGEC, we used the domi-

nant negative super-repressor inhibitory protein IjBa

(IjBaDN) as the NF-jB-DNA binding inhibitor to clarify

whether, in SGEC, NF-jB acts down- or upstream of the

EDA-A1/EDAR system, given that the expression of several

members of the TNF ligand and receptor multi-gene fami-

lies [e.g. TNF-a, lymphotoxin beta (LT-b), LT- b receptor,

CD40, etc.] are under the control of NF-jB. As shown

from the literature, NF-jB in unstimulated cells is seques-

tered in the cytoplasm by inhibitory IjB proteins. Upon

stimuli such as EDA, IjBa is phosphorylated by the I-jB

kinase (IKK) and, as a result, IjBa is degraded and NF-jB

translocates into the nucleus and regulates expression of

target genes. EDA signalling is, therefore, mediated in part

by IjBa [21,29]. EDA phenotypes, along with immunode-

ficiency, were observed in a mouse strain in which IkBa

truncated at its N-terminus was inserted into a b-catenin

gene [30]. The mutant form acts as a ‘super-repressor’ of

NF-jB, maintaining NF-jB in the cytoplasm [21,30]. Our

results, obtained using semiquantitative and qRT–PCR,

confirmed data collected from the literature; as expected,

in SS SGEC transfected with IjBaDN, EDA-A1 and EDAR

mRNAs expression was still present and the levels were

indistinguishable from those in untransfected SS SGEC,

demonstrating that EDA-A1 and EDAR expression do not

require NF-jB activation (Fig. 6). This study produced

results which corroborate the findings that the EDA-A1/

EDAR-NF-jB signalling pathway is active in the SS SGEC,

apparently working through the IkBa-dependent canonical

NF-jB cascade.

Fig. 6. Effect of inhibition by nuclear factor of kappa light polypeptide gene enhancer in B cells inhibitor alpha (IjBa) dominant negative (DN)

on Sj€ogren’s syndrome salivary gland epithelial cells (SS SGEC). (a) Measurement of nuclear factor kappa B (NF-jB) activity by TransAM NF-jB

assay in the nuclear extracts from SS SGEC and SS SGEC transfected transiently with the dominant negative super-repressor inhibitory protein

IKBa DN. Cell lysate was prepared and assayed for binding of p65 to DNA using the Trans-Am NF-jB p65 transcription factor assay kit as

described in Materials and methods. Activity of p65 family member of NF-jB was under-regulated significantly in transfected SS SGEC as a

result of inhibition by IKBa DN. Data represent mean 6 standard error (s.e.) of three independent experiments. *P < 0�01. (b,c) Levels of

ectodysplasin (EDA)-A1 and EDA-receptor (EDAR) expression were analysed by reverse transcription–polymerase chain reaction (RT–PCR) on

mRNA extracted from SS SGEC and SS SGEC transfected with IKBa DN. M 5 marker; glyceraldehyde 3-phosphate dehydrogenase (GAPDH)

served as an internal control for amplification. Results presented are from one experiment but representative of three independent experiments.

(d,e) EDA-A1 and EDAR gene expression levels were quantified by densitometric analysis (n 5 3). *P < 0�01.
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Discussion

During recent years, substantial progress has been made in

explaining the mechanisms that control the dynamics of

NF-jB activation, and several autoregulatory feedback

loops terminating the NF-jB response have been identified

[31]. As NF-jB signalling is involved in the regulation of

cellular processes and, at each stage, the different family

members must be regulated tightly for each function, sev-

eral NF-jB signalling protein factors have been identified

as crucial steps in the control of the NF-jB pathway [32].

This well-orchestrated biological process is controlled

tightly, and distortions in the sequence of events can result

in different disorders such as inflammation, cancer and

autoimmune diseases [33–35]. In this context, several

recent studies identified new molecular targets involved in

the control mechanism governing the inflammatory func-

tion of the NF-jB cascade. For example, Tracey and col-

leagues described an alternative mechanism for cytokine

production during the inflammatory response based on the

cholinergic modulation of cytokines synthesis [36]; in

addition, the involvement of muscarinic acetylcholine

receptors in the activation of the NF-jB cascade in SS was

also demonstrated, as suggested from the published studies

of Gilboa-Geffen and colleagues [37]. In the last year there

has been great progress in understanding the regulation of

NF-jB transcription in SS. A20 has been proposed as a key

player in the termination of NF-jB signalling, as A20 is

capable of inhibiting TNF-a-induced NF-jB activation by

acting on IjB-a phosphorylation in response to TNF-a

[38]. Given its key function in the fine-tuning of NF-jB

signalling, it was to be expected that defects in A20 expres-

sion or function could lead to chronic inflammation and

tissue damage. Confirming this hypothesis, recent genetic

studies demonstrate an association between the human

ubiquitin-editing enzyme A20 gene and autoimmune path-

ologies, classifying it as a potential target for the treatment

of multiple inflammatory disorders [15]. The importance

of A20 in limiting inflammation is underscored by the

association of polymorphisms in the A20 genomic region

with multiple human autoimmune and inflammatory dis-

eases, including rheumatoid arthritis [39], psoriasis [40],

systemic lupus erythematosus [41,42] and type 1 diabetes

[43]. Thus, A20 has been proposed as a critical anti-

inflammatory molecule acting to control prolonged inflam-

mation. A putative association of A20 polymorphism with

SS has been described recently [42]. In addition, recent

works reported decreased levels of A20 in SS SGEC, thus

contributing to the chronic invasive immune processes in

these patients resulting from an initial aberrant inflamma-

tion [11]. Recently, experimental research works have

reported that NF-jB signalling plays a critical role during

embryonic salivary gland development initiated by the

binding of EDA-A1 to the receptor EDAR [44,45]. The

epidermis-specific A20 deletion leads to multiple abnor-

malities in ectodermal organs, similar to those observed

during the over-activation of the EDA pathway, and these

findings identify A20 as an EDA-A1-induced protein acting

as an inhibitor of EDAR-dependent canonical NF-jB path-

way signalling [29,46–54]. A schematic representation of

the EDA-A1/EDAR/NF-jB pathway is reported in Fig. 7.

Salivary gland hypofunction or xerostomia, as an inevitable

consequence of SS, compromises significantly the quality

of life of millions patients through associated poor oral

health [55]. A large number of studies in vitro on the SMG

branching morphogenesis suggested that EDA-A1/EDAR

signalling regulates ontogeny largely through the canonical

NF-jB pathway [44], but the expression levels of the

molecular factors involved in the EDA-A1/EDAR/NF-jB

and the regulation of this pathway by A20 have not been

investigated in SS salivary glands. To our knowledge, EDA-

A1 and EDAR protein expression levels have never been

evaluated previously in salivary glands derived from

patients affected by primary SS, and in the experiments

presented here we have sought to bridge the altered expres-

sion of A20 in SS SGEC, already demonstrated [11], with a

possible deregulation of the EDA-A1/EDAR/NF-jB

Fig. 7. A simplified overview of the ectodysplasin/EDA-receptor/

nuclear factor kappa B (EDA/EDAR/NF-jB) pathway. Trimeric

receptor EDAR is activated by trimeric ligand EDA leading to the

recruitment of the adaptor EDAR-associated death (EDARADD) and

to the formation of a complex containing EDARADD which

ubiquitinates nuclear factor of kappa light chain gene enhancer in B

cells (IkB) triggering to the release of NF-jB transcription factor.

Nuclear factor kappa B (NF-jB) is then translocated into the

nucleus to activate target genes. Strongly induced NF-jB target

genes include those that encode the negative regulators IkB alpha

(IjBa) and A20.
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signalling in SS patients. Interestingly, our study revealed,

first, a statistically significant higher expression of EDA-A1

and EDAR in SS biopsies compared with healthy controls

both at gene and protein levels. Immunohistochemical

analysis of inflamed salivary gland tissues of SS patients has

indicated that epithelial ductal cells display strong staining

for EDA-A1 and its receptors EDAR compared with healthy

biopsies. These results were in agreement with those

obtained employing several experimental procedures, as

reported in the Results section. Secondly, we show that spe-

cific A20 deletion in healthy SCEC leads to over-activation

of the EDA-A1/EDAR expression. We used the siRNA strat-

egy to silence A20 and to investigate the cellular effect of

A20 knock-down on the EDA-A1/EDAR/NF-jB pathway.

By transiently silencing the expression of A20 with siRNA

mixtures in healthy SGEC, we documented, in vitro, a sig-

nificantly higher expression of the EDA-A1/EDAR system

compared with untransfected healthy SGEC. Concurrently,

A20 gene knock-down determined an increased NF-jB

nuclear translocation and activation. This accords with

A20 being a NF-jB response gene in the EDA-A1/EDAR

pathway, acting as a negative feedback regulator of EDA-

A1/EDAR-induced NF-jB signalling and of the inducible

NF-jB-dependent gene transcription. Interestingly, we

demonstrate for the first time that in SS SGEC NF-jB is

activated downstream of EDA-A1 and EDAR signalling.

Transfecting SS SGEC with the mutated form of the regula-

tory protein IjBa, our studies demonstrate that the EDA-

A1/EDAR-NFjB signalling pathway in salivary gland appa-

rently works through the IjBa-dependent canonical NF-

jB cascade. Because translating basic research into clinical

practice is fundamental to uncover and understand the

deregulated cellular processes driving autoimmune initia-

tion and progression, data obtained from genetic analysis

are producing an explosion in the content and complexity

of autoimmune mutation databases. Based on these prem-

ises, and given the demonstration of over-expression of the

EDA-A1/EDAR/NF-jB pathway in the SS salivary gland tis-

sues, our efforts are focused upon the identification of

eventual genetic variants of EDA-A1 gene in SS patients,

performed by sequencing genetic analysis. Genomic DNA

samples, extracted from salivary gland biopsies derived

from SS patients and from human healthy subjects, were

subjected to sequencing of exons 1–8 using exon-specific

primers in order to check for nucleotide identity in exon

sequences from patient samples with respect to controls.

Although mutations were not detected in all the coding

exons of EDA gene in SS SGEC in comparison with healthy

subjects, genomic analysis requires further investigation

and, in particular, detailed analysis of intronic sequences of

EDA gene could be carried out in future. As the sequencing

costs often set limits to the amount of sequences that can

be generated and, consequently, the biological outcomes

that can be achieved from an experimental design, however,

the result obtained suggests utility to expand the genetic

analysis for improving the molecular diagnosis of the SS

disease.

In conclusion, our results suggest that the pathways in

ectoderm development and inflammation may not be funda-

mentally different, and that the specificity of target gene acti-

vation may be determined largely by the general context of a

given cell type and/or by a specific pathological condition.

Recent findings have demonstrated that, as well as its role in

controlling inflammation and preventing apoptosis, NF-jB

is also involved in the development of epidermal derivatives,

such as hair, nails and sweat glands [56], in which signalling

is initiated by the binding of EDA-A1 to EDAR. The implica-

tion of the NF-jB pathway in development was a surprising

discovery, because it is involved primarily in inflammation

and immunity, acting downstream of the activation of TNF

immune receptors [16]. By contrast, the activation of NF-jB

by the EDA pathway does not seem to be obviously linked to

inflammation. This raises the recurrent question of how cells

can differentiate between the types of messages transduced

by the NF-jB pathway and how specific target genes are acti-

vated for developmental or inflammatory responses. Inter-

estingly, recent data suggest that the EDA pathway induces

the transcription of chemokines known as key players of

inflammation, which also have a developmental role [21].

Furthermore, the findings reported here suggest that there is

need of a more profound understanding of the role of A20

over-expression on EDA gene transcription, which may play

an instrumental role in the intricate inflammatory pathways.

Thus, current knowledge for gene transcription regulation by

the EDA-A1/EDAR/NF-jB pathway does not provide a satis-

factory mechanistic framework to explain how an incoming

activating signal provided by EDA-A1 would be enabled to

activate the transcription of genes involved in the exacerba-

tion of inflammation observed in autoimmune conditions

but, conversely, may provide new insights into treating or

preventing autoimmunity and inflammation-based disease.
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