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Expression of Proteasomal Immunosubunit ß1i Is
Dysregulated in Inflammatory Infiltrates of Minor
Salivary Glands in Sjögren’s Syndrome
LARS MORAWIETZ, LORENA MARTINEZ-GAMBOA, SONJA SCHEFFLER,GERTHAUSDORF,ANJA DANKOF,
ULRIKE KUCKELKORN, THOMAS DOERNER,KARL EGERER,GERD-R.BURMESTER,DENISEL. FAUSTMAN,
andEUGENFEIST

ABSTRACT. Objective.Minor salivaryglandspecimenswere analyzedto investigatedysregulationof the pro-
teasomesystem in patientswith Sjögren’ssyndrome(SS)andpatientswith siccasyndrome.
Methods.Labial biopsy specimensfrom 17 patientswith SSand11 patientswith non-autoimmune
sicca syndromewere analyzedby immunohistochemistryfor expressionof the inducibleproteaso-
mal subunits ß1i, ß2i, and ß5i. The infiltrating subsetsof lymphocyteswere characterizedusing
immunofluorescence stainingsagainst thecell-surfacemarkersCD20andCD27.Two-dimensional
electrophoresisandimmunoblotting wereusedfor detectionof theproteasomalsubunitsß1andß1i
in peripheral bloodmonocytecells. Geneexpressionof theconstitutivesubunitsß1,ß2,andß5and
thecorrespondinginduciblesubunitsß1i,ß2i,andß5iwasfurtherinvestigatedat themRNAlevel in
small lip biopsiesusingreal-timepolymerasechainreaction.
Results. Theexpression of ß1i in infiltrating andperipheralimmunecellswasalteredin patientswith
SScompared to patientswith non-autoimmunesiccasyndromeandhealthycontrols.No significant
differences were found in ß2i andß5i expression betweenthe samegroupsin small lip biopsies.
Chisholm-Mason gradeand ß1i expressionwere found to be inverselycorrelated(Spearmanr =
–0.461,p = 0.014).Thephenotypeanddistribution of the lymphocyticinfiltrate showedno differ-
ences between patientswith primaryandsecondarySSregardless of ß1i expression.
Conclusion. The proteasomal ß1i subunit is dysregulatedin peripheralwhite blood cells and in
inflammatory infiltr atesof minor salivaryglands in patientswith SS.(First ReleaseOct 15 2009;
J Rheumatol 2009;36:2694–703;doi:10.3899/jrheum.081098)
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Sjögren’s syndrome(SS) isasystemic autoimmunedisorder
characterized by dysfunction and inflammatorydestruction
of exocrine glands, leading to the manifestation of sicca
symptoms1,2. Involvement of salivary glandsrepresents a
common feature of several autoimmunediseases,implicat-
ing a susceptibility of theexocrineepitheliumfor thedevel-
opment andmaintenanceof an autoimmuneresponse.This
phenomenoncould be attributed to a preferred exposure to
environmental factorssuchasrecurrent viral infectionsor to
intrinsic factors,e.g.,alteredantigenpresentation.

In theminor salivary glandsof patientswith SS, infiltrat-
ing macrophages,B and T cells, and ductal epithelium
releasedistinct chemokinesandcytokines,includingtype1
interferons3-5. This proinflammatory milieu can alter basic
cellular functionsandmight also cause structuralandfunc-
tionalchangesin theubiquitin-proteasomesystem.Thepro-
teasome is not only an essential degradation apparatusfor
cellular homeostasis, but is also involved in regulation of
apoptosis and the cell cycle and immune response6-8. In
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eukaryotic cells, the cylindrical 20Score complex consists
of 7 differentalpha-typesubunitsforming 2 outer rings and
7 beta-type subunits bearing 3 active sites in both inner
rings9. However, under the influence of proinflammatory
cytokines suchas interferon-γ or interferon-α, 3 different
inducibleproteolytic subunits,ß1i (LMP2), ß2i (MECL1),
andß5i(LMP7),areupregulatedto replacetheir constitutive
counterparts10-14. By favoring the generation of distinct
antigenic peptides for the MHC class I pathway, the so-
called immuno-proteasomesare critical for an effective
immuneresponse12,14-18. Thus, the proteasome is a multi-
catalytic proteasewith severalactivesitesand regular struc-
tural modifications thathavebeen shown to havea striking
influence on thefunction of theentire complex.

Recently, a disease-specific dysregulation of the protea-
somesystemwas recognizedin peripheralbloodmonocyte
cells (PBMC) of patientswith SSwith alteredexpressionof
ß1iat theprotein level19. Theaim of ourstudywasto inves-
tigatetheexpressionof theinducibleproteasomesubunitsin
minor salivary glands of patients with SS and to clarify
whether ß1i expressionis alsomodified in the targeted tis-
sue. In addition to standardhistological examination of
minor salivarygland biopsiesby the Chisholm andMason
grading system, immunostainingof minor salivary glands
and geneexpressionanalysiswere undertakento compare
the expression of the inducibleproteasomal subunitsat the
proteinand mRNA levelsand to characterize the lympho-
cytesubsets20.

MATERI ALS AND METHOD S
Patients. Biopsies from minor salivary glands were obtainedfrom 28
consecutivepatientswith sicca symptoms.All patientswere treatedat
the Department of Rheumatology and Clinical Immunology,
Charité–UniversitätsmedizinBerlin. The study was performed after
approval by the local ethical committee, and informed consent was
obtainedfrom all donorsbeforelip biopsiesweretaken.

PrimarySSwasdiagnosedin 14patientsaccordingto theUS-European
classificationcriteria21 (all female,meanage50.4 yrs, range18–70yrs).
SecondarySS was diagnosedin 2 patientswith primary biliary cirrhosis
(PBC) and in one patientwith undifferentiatedconnectivetissuedisease
(UCTD) (all female,meanage42.7yrs, range28–51yrs).Siccasymptoms
without an autoimmunesialadenitiswere confirmed in 11 patients (9
female,2 male,meanage54.7yrs,range27–73yrs;7 with noautoimmune
disorder,2 with Hashimoto’sthyroiditis, onewith UCTD, onewith PBC).

At thetimeof thebiopsy,4 of 14patientswith primarySSwerereceiv-
ing immunomodulatingtherapy (hydroxychloroquine,n = 2; hydroxy-
chloroquineplusprednisolone,n = 2). Oneof thepatientswith siccasymp-
tomswastakingprednisolone.
Immunohistochemistry.Paraffin-embeddedsections(1–3 µm) of minor
labial glandbiopsytissuesweredeparaffinizedandrehydrated.After anti-
genretrieval(pressurecooker,citratebuffer,pH 6) rabbitanti-humanpoly-
clonal antibodiesanti-ß1i(K463 andK464), anti-ß2i,andanti-ß5i22 were
incubatedin a dilution of 1:1000.Staining was done using the labeled
streptavidin-biotin method (LSAB-Kit; Dako, Glostrup, Denmark).
Fuchsin(Dako) was usedas a chromogenfor the reactionwith alkaline
phosphatase.In a final step,nuclearcounterstainingwas performedwith
hematoxylin.Nonspecificbinding of the secondaryantibodywasinvesti-
gatedby omitting theprimaryantibody.

Intensityof stainingreactionswasassessedonascalefrom 0 (nostain-

ing) to 3 (strong reaction)by 2 independentpathologistsblinded to the
diagnosis.

Immunofluorescence.Paraffin-embeddedsectionsof minor labial gland
biopsytissues(1–2µm) weredeparaffinizedandrehydrated.After antigen
retrieval(pressurecooker,EDTA buffer, pH 8), proteinswereblockedfor
5 min in blocking solution (ZytomedSystems,Berlin, Germany).Next,
rabbit polyclonal antibody anti-CD20 (dilution 1:50; Zytomed Systems)
and the mousemonoclonalantibody anti-CD27 (clone 137B4, dilution
1:10;LabVision,Fremont,CA, USA) wereincubatedovernightat4°C.The
following stepswereperformedin darkness:Cy3-conjugateddonkeyanti-
mouse antibody (dilution 1:200; Dianova, Hamburg, Germany) and
Cy2-conjugateddonkey anti-rabbit antibody (dilution 1:100; Dianova)
were incubatedfor 30 min. Nuclearstainingwas performedusing DAPI
(dilution 1:2500; Fluka ChemieAG, Buchs, Switzerland).Slides were
mountedwith fluorescentmountingmedium(Dako).

The slides were viewed on a Leitz DMRBE microscope(Leica,
Wetzlar,Germany)with a fluorescentlight applicationusingfilters for Cy2
(resultingin greenfluorescentstaining),Cy3 (redfluorescence),andDAPI
(blue nuclearfluorescentstaining).Slideswereviewedunder50×, 100×,
200×, and 400× magnification;areaswith inflammatory infiltrate were
photographedsuccessivelyusingthe3 filters andanoverlaywasgenerat-
ed.Attention wasgiven to potentiallydouble-positivecells,which should
appearyellow on theoverlaypictures.

Isolation of PBMC. PBMC of 6 patientswith SS and 3 healthycontrols
wereisolatedfrom 20 ml heparinizedperipheralbloodby densitygradient
centrifugationusingFicoll lymphocyteisolationsolution (GE Healthcare
Bio-Science,München,Germany).The cells’ interphasecontaining the
PBMC washarvestedandwashedwith phosphatebufferedsaline(PBS).
Remainingerythrocyteswerelysedusingerythrocytelysis buffer (Qiagen,
Hilden,Germany)accordingto theinstructionsof themanufacturer.

Protein isolation.For proteinisolation,thePBMC pelletwaslysedin 500
µl solutionof 9 M ureaand50 mM DTT by shortsonicationandincuba-
tion for 1 h at 30°C.After centrifugation,thesupernatantwasprecipitated
with TCA andredissolvedin 100µl solutionof 9 M urea,50mM DTT, 2%
Ampholyte,pH 7–9,to getahigherproteinconcentration.Theproteincon-
centrationwasdeterminedby theBCA methodaccordingto themanufac-
turer’s instructions (Pierce, Thermo Fisher Scientific; Rockford, MA,
USA).

Two-dimensionalelectrophoresis.Two-dimensionalelectrophoresiswas
performedon a mini-verticalgel electrophoresisunit SE250with SE220
tubegel adapter(HoeferPharmaciaBiotech,SanFrancisco,CA, USA).

For the first dimension,the tubegel usedfor isoelectricfocusingwas
1.5 mm × 70 mm. Samplesfrom different individuals were normalized
basedonproteinconcentration.Foreachrun,avolumeof 10µl samplecor-
respondingto 100µg of proteinpergel tubewasused.

For the seconddimension,the gel usedfor sodiumdodecyl sulfate-
polyacrylamidegel electrophoresis(SDS-PAGE)was60 mm × 80 mm ×
1.5mm.A 15%gel wasusedto allow appropriateseparationof theprotea-
somesubunits.

Blotting and immunedetection.Immunoblottingusing10 µg of total pro-
teinsderivedfrom PBMC of 3 patients(SS)and2 healthydonorsasanti-
genswasperformedasdescribed19. For detectionof proteasomalsubunit
ß1i, 3 differentpolyclonalantibodies(K463,K464,andPW8345;Biomol,
Hamburg,Germany)wereused,eachin a 1:1000dilution.

K463 and K464 were generatedagainstrecombinantmurine ß1i and
PW8345directedagainsta peptidesequencederivedfrom humanß1i.

After 2-dimensionalPAGE,samplesweretransferredby semidryblot-
ting to nitrocellulosemembranes(Schleicher& Schüll,Dassel,Germany).
All subsequentincubationandwashingstepswereperformedat roomtem-
perature.Unspecificbindingsiteswereblockedwith 1%skimmilk powder
in PBSand0.1%Tween20 for 1 h. Membraneswerethenincubatedwith
a mixture of polyconalrabbit antibodiesagainstproteasomesubunitsß1
(K43) andß1i (K463) all in 1:1000dilution for 1 h.

Membraneswere washed5 times for 20 min eachtime beforebeing
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incubatedwith anti-rabbit immunoglobulin-PODconjugatefor 30 min.
Immunoreactivespotswerevisualizedon photographicX-OMAT UV Plus
film (Kodak, Stuttgart,Germany)by enhancedchemiluminescenceusing
ECL reagent(Roth,Karlsruhe,Germany).An exposuretime of 1 min was
alwaysapplied.

Salivarygland biopsiesfor isolation of RNA.A total of 10 salivarygland
biopsieswerecarriedout for diagnosticpurposesfrom consecutivepatients
presentingwith siccasymptoms.Fromthese,4 patientswerediagnosedas
having primary SS. The remaining 6 patientsshowedno evidenceof
autoimmunesialadenitisandwereusedascontrols.In orderto avoiddegra-
dationof RNA, biopsieswerestabilizedin RNAlater (Qiagen).RNA was
isolated using the NucleoSpinRNA XS kit (Macherey–Nagel,Düren,
Germany)accordingto the manufacturer’sinstructions,including on-col-
umn DNA digestion. RNA was reverse-transcribedinto cDNA using
SuperscriptIII reversetranscriptase(Invitrogen,Karlsruhe,Germany).

Primerdesignfor real-timepolymerasechainreaction(PCR).Foranalysis
of geneexpressionof the3 constitutiveproteasomalcatalyticsubunitsß1,
ß2,andß5,andthecorrespondinginducibleimmunosubunitsß1i, ß2i, and
ß5i in salivaryglandbiopsies,forward andreverseprimerswereselected
basedon the respectivetranscriptsequences.Relative quantificationof
genetranscriptionwasdonein relationto thehousekeepinggeneß-actin.

Primersfor PCRwerestringentlydesignedusingthePrimer3 software
(Version0.4.0;WhiteheadInstitute for BiomedicalResearch,Cambridge,
MA, USA)23 with 19–21bp lengthandan optimal annealingtemperature
of 62° ± 2°C to amplify cDNA fragmentsbetween180 and 210 bp.
Designedprimersequencesarelistedin Table1.

Primersweresynthesizedby TIB MolBiol (Berlin, Germany)andwere
testedin conventionalPCR using the humanmonocyticcell line U937.
Amplification products were controlled by sequencing (DLMB,
Rüdersdorf,Germany).Primerefficiencywasdeterminedaccordingto the
protocolsof Applied Biosystems(FosterCity, CA, USA).

Relativequantificationof geneexpression.Relativequantificationof gene
expressionwas performedwith real-timePCR using SYBR GreenPCR
MasterMix (Applied Biosystems)and10 pmol from eachforward/reverse
primer.Amplifications wererun in triplicatesfor eachsample/primerpair
using the ABI Prism 5700 sequencedetection system (Applied
Biosystems),includinganinitial stepof 2 min at 50°C,aninitial denatura-
tion stepof 10 min at 95°C,and40 cycleswith 95°Cover15 s for denatu-
rationand62°Cover60 s for annealingandelongation.Unspecificampli-
fications were controlled by running a dissociationprotocol starting at
60°C after eachexperiment,which showedthe specific melting point of
eachPCRproduct.

Measurementof geneexpression.Relativequantificationof geneexpres-
sion at the mRNA level wasdoneby comparisonwith expressionof the
housekeepinggeneß-actin.After checkingthecorrectmeltingpoint of the
PCRproducts,arithmeticmeansof CT valuesfrom triplicatesampleswere
calculated.Differencesin the expressionof targetgenesweredetermined
usingthe formulaECt housekeeping gene/ECt target gene, asdescribed11, whereE
representsthe efficiency of the respectiveprimers.Standarddeviationsof
CT triplicates< 0.5wereacceptedfor analysis.

Statistical analysis. Correlations between expressionof proteasomal
immunosubunitsmeasuredasthe intensityof immunohistochemicalstain-
ing (grade0–3)andinflammatoryinfiltratesaccordingto Chisholm-Mason
gradingwerecalculatedusingtheSpearmanr test.

To compareproteinexpressionbetweendifferent patientgroups,non-
parametricMann-Whitney U-test and Fisher’s exact test were applied.
Differencesin therelativeexpressionof investigatedgeneswereanalyzed
usingthe nonparametricMann-Whitneyt-test.P values< 0.05 werecon-
sideredsignificant.

RESULTS
Expressionof proteasomal immunosubunits in minor sali-
vary glands. The expression pattern of proteasomal

immunosubunits wasinvestigated in minor salivary glands
using immunohistochemistry and immunofluorescence.To
exclude an unspecific reaction of the secondaryantibody,
staining wasalso performed by omitting the primary anti-
body. This showed positive reactivity in the epitheliumof
the salivary ducts, but not in the glandularacini or in the
inflammatory infiltrate. Therefore, the duct staining was
consideredasnonspecific backgroundreactivity in thesub-
sequentanalysis (Figure 1A).

Tissue-specific expression of inducible proteasomalsub-
units in minorsalivary glandswasidentif ied in stromallym-
phocytesandplasma cells aswell asin theacinusepitheli-
um by different primary antibodies againstß1i (K463 and
K464), ß2i, andß5i. Representative resultsfor onepatient
with primary SS exhibiting moderate expression of ß1i
using K463are shown in Figure 1B and1C.

Comparisonof ß1i, ß2i, andß5i staining in salivaryglands
of patients with SSand controls using immunohistochem-
istry. In all cases of positive staining, expression of the
induciblesubunitsß2iandß5iwaspredominantly detectable
in the inflammatory infiltrate, but also in acinus cells
(Figure 2C, 2D). Importantly, staining of ß1i using K463
wassignificantly reducedin themajority of patientswith SS
(Figure 2B). Indeed, only 4 patients with SS showed
detectablestainingof ß1iusingK463in infiltrating immune
cells andwithin serousand,to some extent, mucousacinus
cells (Figure 2A). Using the polyclonal anti-ß1i antibody
K464, no cleardifferenceswere observedbetweentheana-
lyzed groups(data not shown).

Comparing expressions of the inducible proteasomal
subunits, there were no differences in the immunohisto-
chemical stainingsof ß2ior of ß5ibetweenpatientswith SS
(primary andsecondary SS)andpatientswith sicca symp-
toms (Figure 3C and 3D, respectively). Only a slight but
nonsignificant increaseof ß5i expression was observed in
patients with primary andsecondary SS. In contrast,stain-
ing of ß1i usingK463wassignificantly reducedin theinfil -
trating lymphocytesaswell asin theacinuscellsof patients
with SS(Mann-Whitney test, p = 0.0487,Fisherexact test,
p = 0.0189;Figure 3A). This differencewasevenmore pro-
nounced when patients receiving hydroxychloroquineor
prednisolone (SS, n = 4; sicca symptoms, n = 1) were
excluded(Mann-Whitneytest, p = 0.0122,Fisherexacttest,
p = 0.0059;Figure 3B).

Expression of proteasomal immunosubunitsand Chisholm-
Mason grading. To investigate whether expressionof pro-
teasomal subunits was related to the magnitude of the
inflammatory reaction in the salivary tissue, histological
scoring was performed independently by 2 pathologists
blinded for the diagnosis. Overall, staining for ß1i using
K463 was found to be negatively correlated to
Chisholm-Mason grade in patients with primary and sec-
ondary SS(Spearman r = –0.4611,p = 0.0135),but not in
patientswith siccasymptoms (Table 2). Further,no signifi-
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Figure1. Stainingpatternof proteasomalimmunosubunits
in minor salivarygland tissue.Resultsare representative
for ß1i stainingusing K463. A. Epithelium cells of sali-
vary ductsshownonspecificbackgroundreactivity using
the secondaryantibody(solid arrow). In contrast,acinus
cells (brokenarrow) andinflammatoryinfiltrates (arrow-
head)werenot stained(original magnification200×). B.
Representativeanti-ß1istainingwith a weakto moderate
homogeneouspatternof epitheliumacinuscells (broken
arrow).Stainingof thesalivaryducts(solidarrows)is con-
sidered nonspecific (original magnification 50×). C.
Detailedanalysesrevealedmoderateß1istainingin acinus
cells(brokenarrow)aswell asin stromallymphocytesand
plasma cells (arrowheads).Staining of salivary ducts
(solid arrow)considerednonspecific(400×).

Figure 2. Stainingof proteasomalimmunosubunitsin minor labial salivaryglandsof patientswith primarySS,determinedby
immunohistochemicaltechniques.A. Strongstainingof ß1i usingK463 in infiltrating immunecellsandwithin serousandto
someextentmucousacinuscells of onepatientwith primary SS(Patient3). B-D. Representativestainingsfor proteasomal
immunosubunitsin onepatientwith primarySS(Patient4). B. Negativesignalfor ß1i usingK463. C andD. Stainingfor ß2i
andß5i showedexpressionwithin acinuscells,infiltrating lymphocytes,andplasmacells(original magnification).
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Figure 3. Statisticalanalysisof proteasomalimmunosubunitsin minor salivaryglandsafter immunohistochemicalstaining.A. B1i staining(K463) wassig-
nificantly decreasedin patientswith primary (pSS)and secondarySS (sSS)in comparisonto patientswith siccasymptoms(SiS) without autoimmune
sialadenitis(Mann-Whitneytest,p = 0.0487,Fisherexacttest,p = 0.0189).B. This differencewasevenmorepronouncedin patientsreceivinghydroxy-
chloroquineor prednisolone(Mann-Whitneytest,p = 0.0122,Fisherexacttest,p = 0.0059).C.ß2istainingshowednosignificantdifferencesbetweenpatients
with primaryandsecondarySSandpatientswith siccasymptomswithout autoimmunesialadenits(Mann-Whitneytest,p = 0.9811).D. Stainingof ß5i was
slightly butnotsignificantlyincreasedin patientswith primaryandsecondarySScomparedto patientswith siccasymptomswithoutautoimmunebackground
(Mann-Whitneytest,p = 0.5520).ns:nonsignificant.
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cant correlation was foundbetweenChisholm-Masongrade
and expressionof the subunitsß2i and ß5i. Expression of
proteasomal subunits wasnot relatedto other autoimmune
manifestations or to autoantibodiesagainst Ro and La
antigens.

Immunofluorescence comparison of lymphocytic infiltrates
in salivary glands. Lymphocytic inflammatory infiltrates
were identifi ed in the minor labial tissue biopsies.
Phenotypic analysis was based on immunofluorescence
stainingswith anti-CD20 andanti-CD27 antibodies.In our
study,CD20-positive, CD27-negativecells represent naive
B lymphocytes, which should appeargreen,while CD20
and CD27 double-positivecells represent memory B lym-
phocytes and should appear yellow on the overlays.
Red-stainedcells are CD27-positive, representing specifi -
cally T lymphocytes. Thus, no differenceswere observed
betweenpatientswith primaryor secondarySSandbetween
patientswith strongor weakß1i expressionof phenotypeor
distributionof infi ltrating lymphocytes(Figure4). Follicles
could be identified with areasrich in CD27-naive B lym-

phocytesbut with relatively few CD27-positive memory B
cells. Areas with T lymphocytes could also be clearly
distinguished.

mRNA expression of ß1i, ß2i, and ß5i in patients’salivary
glands.At the mRNA level, expression of all the inducible
proteasome subunits ß1i, ß2i, and ß5i was significantly
higher in patients with SS compared to controls in PCR
analyses (Figure 5). In contrast, no significant differences
were foundfor levels of therespective constitutive subunits
ß1, ß2, andß5. Since inducible subunits replacetheir con-
stitutive counterpart to form the20Sproteasome,we calcu-
lated the ratio of the respective subunits to compare the
expression of inducible subunits. Using this approach,ß5i
was identified asthe subunit with the strongest expression
(ratio of ß5 to ß5i = 0.88 in controls, ß5:ß5i = 0.16 in
patients), followedby ß2i (ß2:ß2i= 6.15in controls,ß2:ß2i
= 1.88 in patients) and ß1i (ß1:ß1i = 20.03 in controls,
ß1:ß1i = 1.70in patients).

Detection of ß1 and ß1i subunits in patients’PBMC using
immunoblotting.To analyzeexpression of ß1i in theperiph-

Table1. Sequencesof selectedpolymerasechainreaction(PCR)primers.

Subunit/Gene Primersequence(5’–3’) Sizeof Expected
DataBankAcc. N PCRProduct,

bp

ß1(Delta) F: CAA GCT GAC ACC TAT TCA CGA C 177
NM_002798 R: CGGTAT CGGTAA CAC ATC TCC T
ß2(Z) F: ATC GCT GGGGTG GTC TAT AAG 176
NM_002799 R: AAG AAA TGA GCT GG TTG TCA T
ß5(MB1) F: GGCAAT GTC GAA TCT ATG AGC 176
NM_002797 R: GTT CCCTTC ACT GTC CAC GTA
ßli (LMP2) F: CAA CGT GAA GGA GGT CAG GTA 170
U01025 R: AGA GCAATA GCGTCT GTG GTG
ß2i (MECL1) F: AAT GTG GAC GCA TGT GTGAT 180
Y13640 R: CAT AGC CTG CAC AGT TTC CTC
ß5i (LMP7)/ F: CAC GGGTAG TGG GAA CAC TTA 180
U17497 R: ACT TTC ACC CAA CCA TCT TCC
a3(C9) F: GGA GCCAAT ACC TTG TGA GC 171
NM_002789 R: CAT CCCCCGTAA TTT CCA C
Betaactin(ACTB) F: CTG GAC TTC GAG CAA GAG ATG 178
BC002409 R: TGA AGG TAG TTT CGT GGA TGC

F: forward;R: reverse.

Table2. Autoantibodyprofiles, histologicalscores,andß1i stainingusingK463 of different patientgroups.
Stainingof ß1i usingK463 andChisholm-Masongradewerenegativelycorrelated(Spearmanr = –0.4611,p =
0.0135).No correlationwasfound betweenChisholm-Masongradeandß2i or ß5i staining(datanot shown).
Anti-Ro andanti-La antibodiesweredeterminedusingautomatedfluorescenceimmunoassays(EliA, UniCap
100,Phadia,Freiburg,Germany.

Diagnosis Sex Mean Ro, La, Chisholm-MasonGrade ß1i Expression,no.
F, no. M, no. Age,yrs no. no. 1 2 3 4 0 1 2

pSS 14 0 50.4 13 13 0 1 5 8 10 3 1
sSS 3 0 42.7 2 1 0 0 0 3 3 0 0
SiccaSymptoms9 2 54.7 3 0 5 6 0 0 3 8 0

pSS:primarySjögren’ssyndrome;sSS:secondarySS.
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Figure 4. Representativeimmunofluorescencestainingof lymphocytesubsetsin infiltrates in labial biopsiesfrom patientswith primarySS(A) andsecond-
ary SS(B). CD20+/CD27–naiveB cells (green),CD20+/CD27+memoryB cells (yellow), andCD27-positiveT lymphocytesubsets(red)weredetectable
in bothconditionswith similar cellulardistribution.

Figure 6. Detectionof the inducible ß1i subunit in PBMC of SS patients(P) and
healthycontrols(C). A. Immunoblottingrevealedreductionof the ß1i signalusing
K463 polyclonalantibody,while no differenceswereobservedusingthe polyclonal
anti-ß1iantibodiesPW8345andK464. B. 2-D electrophoresisand immunoblotting
usingK463 revealedsignificantlystrongersignalfor ß1i comparedto ß1 in controls
aswell asin patientswith SS.Stainingsignalfor ß1iusingK463wasreducedin 5 out
of 6 patientswith SScomparedto controls.
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eral immunecompartment,3 different polyclonal anti-ß1i
antibodies(PW8345,K463,andK464)wereusedfor detec-
tion of ß1i subunitexpressionin PBMC from patientswith
SS(n = 3) comparedto healthycontrols (n = 2). No clear
differences were observedusingPW8345andK464, while
resultswith K463 showedslightly weakersignals for ß1i
subunitsin patients with SS (Figure 6A). To confirm this
result, we compared expression of ß1 and ß1i in PBMC
using identical amountsof protein in 2-D electrophoresis.
Interestingly, theexpression signalfor ß1i wassignificantly
stronger comparedto theß1subunit in controlsaswell asin
patients with SS. In subsequentanalyses,we used one
healthy control as a standardin comparisonto 6 patients
with SS.In densitometric evaluationcomparingthestained
dotsfor ß1i, a clearly weakersignal for ß1i wasdetectedin
5 out of 6 patientswith SS (Figure 6B).

DISCUSSION
Weanalyzed expressionof the3 inducibleproteasomal sub-

units ß1i, ß2i, and ß5i in minor salivary gland biopsy
samples from patients with sicca symptoms. Patients with
SSshowedacharacteristic dysregulation of theproteasomal
immunosubunit ß1i in thetargetedtissues,i.e., in theepithe-
lium layerof acinuscells, compared to patientswith sicca
symptoms without autoimmune sialadenitis. The altered
expression of ß1i in SS was visualized using polyclonal
anti-ß1iantibodies, showingasignificantly reducedstaining
signal in minor salivary glands. Interestingly, the reduced
ß1i signalwasnegatively correlatedto theintensityof lym-
phocytic infiltratesaccording to Chisholm-Mason grading.
According to CD20 and CD27 expression24, thephenotype
and distribution of B andT lymphocytesweresimilar in the
salivary glandsof patients with SS regardlessof staining
signals for ß1i. In contrastto thereducedstaining signalfor
ß1iusingK463,theproteasomesubunit ß1iwassignificant-
ly upregulated at the mRNA level in the tissues of patients
with SS. In accord with the observation of altered ß1i
expression in the inflammatory glandular infi ltrates, the

Figure5. Comparisonsof geneexpressionof inducible(ß1i,ß2i,andß5i)andthecorrespondingconstitutive(ß1,ß2,andß5)proteasomesubunitsin salivary
glandsof SSpatients(n = 4) andcontrols(n = 6). NonparametricMann-Whitneytestwith 95%confidenceinterval.For betterappreciationof themagnitude
of expressionof eachconstitutivesubunitcomparedwith its induciblecounterpart,thesamescalewasusedfor eachsubunitpair.
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stainingsignal for ß1iwasalso reduced in PBMCof patients
with SScompared to healthycontrols usingthesamepoly-
clonal anti-ß1i antibody. Thesefindings suggestthat the
proinflammatory signalof theinfiltr ating cells doesupregu-
lateß1i expressionin thetargetedtissueof patientswith SS
at themRNA level. Despite thefact that mRNA andprotein
expressiondonotnecessarily correlate, thereducedstaining
intensity using a polyclonal antibodyindicatesthe altered
antigenicproperties of ß1i in immunecells of SS patients
comparedto controls.

Of note, in our cohort 3 out of 4 patients undergoing
immunomodulating therapy and with disease quiescence
expressed detectable levels of ß1i in the salivaryglandsas
well as in the infilt rating lymphocytes. In contrast, all but
oneuntreated patient with SShadinfiltrating lymphocytes
thatshowedaltered expressionof theß1i protein. Although
it is not possible to draw conclusions from sucha limited
number of patients, this could potentially indicate that
expression of ß1i at the inflammatory site is influencedby
treatment and perhapsrepresents a marker of pathogenic
cells. Interestingly, induction of the constitutive alpha-type
C3 subunit wasobserved after exposure to glucocorticoid
therapy25. However, it remains to be confirmed whether
expression of ß1i or other proteasomal subunits is also
influencedby antiinflammatory drugs. By interferencewith
signaling pathwaysof transcriptional factors like nuclear
factor-κB such medications might be immune modulating
of the ß1i-deficient cells. Investigations in larger cohorts
are necessaryto clarify whether this expression profi le
could be useful for diagnostic purposesor whether altered
expression of ß1i characterizesa distinct subsetof patients
with SS.

A molecular defect in the bidirectional promoter region
of theß1i genehasbeendescribed in thenon-obesediabet-
ic (NOD) mouse, a model of type I diabetes and SS26. In
consequence, reduced levels of ß1i were reported at the
mRNA and protein levels, with implications for develop-
mentof autoimmunedisease in that particular animal model
of autoimmunity. In SS, mRNA levelsof ß1i werefoundto
beupregulatedin PBMC, butnogenetic defect wasfoundin
thepromoter region (Krause, et al19 andunpublished data).
Therefore, observation of altered ß1i expressionin the
humandiseaseremains obscureandcould be explained by
posttranscriptionalalterationsof ß1i turnover.Anotherpos-
sibity is a posttranslational modification of the ß1i protein,
with apotential influenceonantigenicproperties,leadingto
altered antibody recognition. Thus, functional studiesare
required to confirm alterations in the proteasomesystem.
Longtermobservationsof SSpatientswouldbenecessary to
clarify the effects of ß1i dysregulationor modification on
thediseasecourseor outcome.

A polymorphismof ß1i that maybeassociatedwith dif-
ferent autoimmune diseases has been described27. This
polymorphism in codon 60 (R/H) also resulted in reduced

recognition of theprotein by antibodies, but theexplanation
for this remainsunclear.

An intactproteasomesystemiscrucial for cellular home-
ostasis,activation of several transcriptionalfactors,andcon-
trol of the immuneresponse28-30. In this regard, incorpora-
tion of immunoproteasome subunits into thecatalytic com-
plex isknown to haveamarkedinfluenceon thequalityand
quantity of theantigenic MHC I epitopesproduced,includ-
ing maintenance of a normal selection of self-pep-
tides14,31-34. In this context, immunoproteasomes are also
involved in effective clearanceof, for example, viral infec-
tions13,35. However,alteredexpression of onesingularpro-
teasomal subunit could interfere with the assemblyof the
entirecatalytic complex andalter thecompositionof certain
immunoproteasome isoforms or hybrid proteasome com-
plexes36. Given the influenceof proteasomal subunitcom-
position on the function of the proteasome system, our
results suggesta possible role for the ß1i subunit in the
pathogenesis of SS.Dysregulation of ß1i could potentially
alter apoptosis of autoreactive T cells andlead to perpetua-
tion of inflammatory responses.Further,proteasomeswere
also shown to be involved in thegenerationof intracellular
peptides for inflammatory cell signaling37. Therefore, such
altered proteasomeexpression could influencetheinitiation
or maintenanceof the inflammatory autoimmuneresponse.
Takentogether,our data strongly encouragefurther investi-
gations of the proteasome system in SS. Identifying tis-
sue-or cell -specif ic markers for SSis crucial for our under-
standing of this complex disease,and could support early
diagnosis and novel treatment strategies in clinical trials
with targeted interventions of only disease-causing cells.
Thedysregulationof ß1i appears to becharacteristicfor SS,
since it wasrarely seen in patientswith siccasymptomswho
did not haveautoimmunesialadenitis.Thecommondysreg-
ulation of ß1i in subsets of lymphoidcells of bothSS-prone
NOD mice andSSpatients suggests thataltered expression
of ß1i protein could bea marker of pathogeneticcells38,39.
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