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ABSTRACT. Objective.Minor salivary gland specimensvere analyzedto invegigate dysregulationof the pro-
teamesygem in patientswith §égren’ssyndrane (SS)andpatientswith siccasyndrome.
Methods.Labial biops/ specinensfrom 17 patientswith SSand11 patientswith non-autoimmune
sicca syndromewere analyzedby immunohistochemistrjor expressiorof the inducible protease
md subunis 31i, 32i, and 35i. The infiltrating subsetsof lymphocyteswere characterizedisng
immunofluorescence stainingsagains the cell-surfacemarkersCD20 andCD27. Two-dimensional
eledrophoresisandimmunoblotthg wereusedfor detectionof the proteasomasubunits31l andR1i
in peripheral blood monocytecells Geneexpressiorof the constitutivesubunitsi31,32,andR5and
thecorregpondinginduciblesubunits31i, 32i,and35i wasfurtherinvestigatecatthe mRNA levelin
small lip biopdesusingreal-timepolymemsechainreaction.

Results. Theexpression of Rliin infiltrating andperipheraimmunecellswasalteredin patientswith

SScompaed to paientswith non-autoimmunaiccasyndromeandhealthycontrols.No significant
differences were found in 32i and 35i expresion betweenthe samegroupsin small lip biopsies.
ChisholmMason grade and 31i expressionwere found to be inversely correlated(Spearmarr =

—0.461,p = 0.014).The phenotypeanddistribution of the lymphocyticinfiltrate showedno differ-

ences between patientswith primary andsecondarySSregardles of 31i expression.

Conclusion. The proteasmal 31i subunitis dysregulatedn peripheralwhite blood cells and in

inflammatory infiltr ates of minor salivary glands in patientswith SS. (First ReleaseOct 15 2009;

JRheunatol 2009;36:2694703;doi:10.3899/jrheum.081098)
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SJOGREN'SSYNDROME
SALIVARY GLANDS

Sjogen’s syndiome (S§ isasysemic autoimmunedisorder
chaacerized by dysfuncion and inflammatory degruction
of exocrine glands, leadng to the manifedation of sicca
symptons™2 Involvement of salvary glandsrepresentsa
common fedure of several autoimmunediseaes,implicat-
ing a suscepbility of theexocine epitheliumfor thedevet
opment and maintenanceof an aubimmuneregponse.This
phenomenoncould be attributed to a prefered exposire to
environmengl fadors suchasrecurentviral infedionsor to
intrinsic fadors, e.g.,atered anigenpresentdion.

In theminor saivary glandsof paients with SS infiltrat-
ing macrophages,B and T cells, and ductal epithelium
releasedistinct chenokinesandcytokines,indudingtype 1
interferons®5. This proinflammatory milieu can alter basc
celular funcionsandmight also cau® structuralandfunc-
tionalchangesn the ubiquitin-proteasomesystem-Thepro-
teasone is not only an essatial degiaddion appaatusfor
celular homeosass, but is also involved in regulation of
apopbsis and the cell cyde and immune responsgs. In
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eukaryotic cells, the cylindrical 20S core conplex consists
of 7 differentalphatype subunitsforming 2 outer rings and
7 betatype subunis beaing 3 adive sites in both inner
rings’. Howeve, underthe influence of proinflammatory
cytokines suchas interferon-y or interferon-a, 3 different
inducible proteolytic subunits,31i (LM P2), 32i (MECL1),

andR5i(LMP7), are upregulatedo replae ther constitutive
countepars!0-14 By favoring the geneation of distinct

antigenic peptides for the MHC class | pathway, the so-

cdled immuno-proeasomesare critical for an effective
immuneresponsé?14-18 Thus, the proteasome is a multi-

caalytic proteasewith severalactivesitesand regula struc

tural modifications thathavebeen shown to havea striking

influence on the function of the entire compkex.

Recenty, a diseae-specit dysreguldion of the protea-
somesystemwas recognizedn petipheralblood monocyte
cdls (PBMC) of patientswith SSwith alteredexpressiorof
Riliattheprotein level’®. Theaim of our study wasto inves-
tigatetheexpressionof theinducible proteasome subunitsn
minor salivay glands of patients with SS and to clarify
whetler R1i expressionis alsomodified in the targeted tis-
sue. In addition to standardhistological exaninaion of
minor salivary gland biopsiesby the Chishom and Mason
gradirg sysem, immunostainingof minor salivary glands
and geneexpressionanalysiswere undertakerto conmpare
the expressin of the inducible proteaoma subunitsat the
proteinand mRNA levelsandto chaacerize the lympho-
cytesubset&’.

MATERIALS 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—UniversitatsmediziBerlin. The study was performed after
approval by the local ethical committee, and informed consentwas
obtainedfrom all donorsbeforelip biopsiesweretaken.

PrimarySSwasdiagnosedn 14 patientsaccordingo the US-European
classificationcriterig?? (all female,meanage50.4 yrs, range18—70yrs).
SecondarySSwas diagnosedn 2 patientswith primary biliary cirrhosis
(PBC) andin 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 thetime of the biopsy,4 of 14 patientswith primary SSwerereceiv
ing immunomodulatingtherapy (hydroxychloroquine,n = 2; hydroxy
chloroquineplusprednisolonen = 2). Oneof the patientswith siccasymp
tomswastaking prednisolone.
ImmunohistochemistryParaffin-embeddedections(1-3 pm) of minor
labial glandbiopsytissueswere deparaffinizedandrehydratedAfter anti
genretrieval(pressureooker,citratebuffer, pH 6) rabbitanti-humarpoly-
clonal antibodiesanti-R1i (K463 and K464), anti-R32i,and anti-R572 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
phosphatasdn a final step,nuclearcounterstainingvas performedwith
hematoxylin.Nonspecificbinding of the secondaryantibodywas investi
gatedby omitting the primary antibody.

Intensityof stainingreactionsvasassessedn a scalefrom 0 (no stain

ing) to 3 (strongreaction)by 2 independenpathologistsblinded to the
diagnosis.

ImmunofluorescenceRaraffin-embeddedectionsof minor labial gland
biopsytissueq1-2 um) weredeparaffinizedandrehydratedAfter antigen
retrieval (pressurecooker,EDTA buffer, pH 8), proteinswere blockedfor

5 min in blocking solution (Zytomed Systems Berlin, Germany).Next,

rabbit polyclonal antibody anti-CD20 (dilution 1:50; Zytomed Systems)
and the mousemonoclonalantibody anti-CD27 (clone 137B4, dilution

1:10;LabVision,FremontCA, USA) wereincubatedvernightat4°C.The
following stepswereperformedin darknessCy3-conjugatedlonkeyanti-

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 Chemie AG, Buchs, Switzerland). Slides were
mountedwith fluorescenimountingmedium(Dako).

The slides were viewed on a Leitz DMRBE microscope (Leica,
Wetzlar,Germany)with afluorescentight applicationusingfilters for Cy2
(resultingin greenfluorescenstaining),Cy3 (redfluorescence)andDAPI
(blue nuclearfluorescentstaining). Slideswere viewed under50%, 100x,
200, and 400x magnification; areaswith inflammatory infiltrate were
photographeduccessivelysingthe 3 filters andan overlaywasgenerat
ed. Attention was given to potentially double-positivecells, which should
appearyellow on the overlaypictures.

Isolation of PBMC. PBMC of 6 patientswith SSand 3 healthy controls

wereisolatedfrom 20 ml heparinizedperipherablood by densitygradient
centrifugationusing Ficoll lymphocyteisolation solution (GE Healthcare
Bio-Science,Miinchen, Germany).The cells’ interphasecontaining the

PBMC was harvestedand washedwith phosphateéufferedsaline (PBS).

Remainingerythrocytesverelysedusingerythrocytelysis buffer (Qiagen,
Hilden, Germany)accordingto theinstructionsof the manufacturer.

Proteinisolation. For proteinisolation,the PBMC pelletwaslysedin 500
ul solutionof 9 M ureaand50 mM DTT by shortsonicationandincuba
tion for 1 h at 30°C. After centrifugation the supernatamvasprecipitated
with TCA andredissolvedn 100l solutionof 9 M urea,50 mM DTT, 2%
Ampholyte,pH 7-9,to geta higherproteinconcentrationThe proteincorn
centrationwasdeterminedby the BCA methodaccordingto the manufae
turer’s instructions (Pierce, Thermo Fisher Scientific; Rockford, MA,
USA).

Two-dimensionalelectrophoresis. Two-dimensionalelectrophoresisvas
performedon a mini-vertical gel electrophoresisinit SE 250 with SE 220
tubegel adapter(HoeferPharmaciaBiotech,SanFranciscoCA, USA).

For thefirst dimension the tube gel usedfor isoelectricfocusingwas
1.5 mm x 70 mm. Samplesfrom different individuals were normalized
basedn proteinconcentrationkor eachrun, avolumeof 10 pl samplecor-
respondingo 100 ug of proteinpergel tubewasused.

For the seconddimension,the gel usedfor sodiumdodecyl sulfate-
polyacrylamidegel electrophoresigSDS-PAGE)was 60 mm x 80 mm x
1.5mm.A 15%gel wasusedto allow appropriateseparatiorof the protea
somesubunits.

Blotting and immunedetection.Immunoblottingusing 10 pg of total pro-
teinsderivedfrom PBMC of 3 patients(SS)and?2 healthydonorsasanti
genswas performedas describeé®. For detectionof proteasomasubunit
131i, 3 differentpolyclonalantibodieg K463, K464, and PW8345;Biomol,
Hamburg,Germany)wereused,eachin a 1:1000dilution.

K463 and K464 were generatedhgainstrecombinantmurine 31i and
PW8345directedagainsta peptidesequencelerivedfrom humani31i.

After 2-dimensionaPAGE, samplesveretransferrecby semidryblot-
ting to nitrocellulosemembranegSchleiche& Schill, DasselGermany).
All subsequenincubationandwashingstepswereperformedatroomtem
peraturelUnspecificbindingsiteswereblockedwith 1% skim milk powder
in PBSand0.1% Tween20 for 1 h. Membranesverethenincubatedwith
a mixture of polyconalrabbit antibodiesagainstproteasomesubunitsi31
(K43) andf31i (K463) all in 1:1000dilution for 1 h.

Membraneswvere washed5 times for 20 min eachtime beforebeing
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incubatedwith anti-rabbitimmunoglobulin-PODconjugatefor 30 min.
Immunoreactivespotswerevisualizedon photographicX-OMAT UV Plus
film (Kodak, Stuttgart,Germany)by enhancecchemiluminescencasing
ECL reagent(Roth, Karlsruhe,Germany) An exposurdime of 1 min was
alwaysapplied.

Salivary gland biopsiesfor isolation of RNA.A total of 10 salivarygland
biopsieswverecarriedout for diagnosticpurposedrom consecutivepatients
presentingwith siccasymptomsFromthese 4 patientswerediagnosedis
having primary SS. The remaining 6 patientsshowedno evidenceof

autoimmunesialadenitiandwereusedascontrols.In orderto avoiddegra

dationof RNA, biopsieswere stabilizedin RNAlater (Qiagen).RNA was
isolated using the NucleoSpinRNA XS kit (Macherey—NagelDiren,
Germany)accordingto the manufacturer’snstructions,including on-cok

umn DNA digestion. RNA was reverse-transcribednto cDNA using
Superscriptll reverseranscriptasélnvitrogen,Karlsruhe,Germany).

Primer designfor real-timepolymerasehainreaction(PCR).For analysis
of geneexpressiorof the 3 constitutiveproteasomatatalyticsubunitsi31,
132,andR5,andthe correspondingnducibleimmunosubunit®1i, 32i, and
35i in salivary glandbiopsies forward andreverseprimerswere selected
basedon the respectivetranscript sequencesRelative quantification of
genetranscriptionwasdonein relationto the housekeepingenef3-actin.

Primersfor PCRwerestringentlydesignedisingthe Primer3 software
(Version0.4.0; Whiteheadinstitute for BiomedicalResearchCambridge,
MA, USA)?3 with 19-21bp lengthandan optimal annealingtemperature
of 62° + 2°C to amplify cDNA fragmentsbetween180 and 210 bp.
Designedorimersequencearelistedin Table1.

Primersweresynthesizedby TIB MolBiol (Berlin, Germany)andwere
testedin conventionalPCR using the humanmonocyticcell line U937.
Amplification products were controlled by sequencing (DLMB,
RiidersdorfGermany) Primerefficiency wasdeterminedaccordingto the
protocolsof Applied BiosystemgqFosterCity, CA, USA).

Relativequantificationof geneexpressionRelativequantificationof gene
expressionwas performedwith real-time PCR using SYBR GreenPCR
MasterMix (Applied Biosystemspand10 pmol from eachforward/reverse
primer. Amplifications wererun in triplicatesfor eachsample/primepair
using the ABI Prism 5700 sequencedetection system (Applied
Biosystems)includinganinitial stepof 2 min at50°C,aninitial denatura
tion stepof 10 min at 95°C,and40 cycleswith 95°C over15 s for denatu
rationand62°C over 60 s for annealingandelongation Unspecificampli
fications were controlled by running a dissociationprotocol starting at
60°C after eachexperimentwhich showedthe specific melting point of
eachPCRproduct.

Measuremenbf geneexpressionRelative quantificationof geneexpres
sion at the mRNA level was doneby comparisornwith expressiorof the
housekeepingeneR-actin.After checkingthe correctmelting point of the
PCRproductsarithmeticmeansf CT valuesfrom triplicate samplesvere
calculated Differencesin the expressiorof targetgeneswere determined
usingthe formula ECt housekeping gene/ECttarget gene g5 described!, whereE
representshe efficiency of the respectiveprimers.Standarddeviationsof
CT triplicates< 0.5 wereacceptedor analysis.

Statistical analysis. Correlations between expressionof proteasomal
immunosubunitsneasuredsthe intensity of immunohistochemicatain
ing (grade0—3)andinflammatoryinfiltratesaccordingio Chisholm-Mason
gradingwerecalculatedusingthe Spearmarm test.

To compareproteinexpressiorbetweendifferent patientgroups,norn
parametricMann-Whitney U-test and Fisher’s exact test were applied.
Differencesin therelative expressiorof investigatedyeneswvereanalyzed
using the nonparametridann-Whitneyt-test. P values< 0.05 were con
sideredsignificant.

RESULTS
Expressionof proteasonal immunosibunitsin minor sali-
vary glands. The expresson pattern of proteasoma

immunosuburis wasinvestigated in minor salivary glands
usng immunohstochemisty and immunofluoresence.To
exclude an unspeific reection of the secondaryantibody,
staining was also pefformed by omitting the primaly anti
body This showed postive reactvity in the epitheliumof
the salivary ducts, but not in the glandularacini or in the
inflammatory infiltrate. Therefore, the duct staining was
constdered asnongecfic backgoundreactivityin the sub
sequentnalysis (Figure 1A).

Tissuespeeific expression of indudble proteasmal sul>
unitsin minor salivary glandswasidentified in stromallym-
phogtesandplagnacdls aswell asin the adnus epitheli
um by different primary antibodies against31i (K463 and
K464), 32i, and R5i. Represnttve resultsfor one patient
with primary SS exhibiting modeate expresion of R1i
usng K463 are shown in Figure 1B and1C.

Comparsonof 31, R2i, and R5i staining in salivary glands
of patiens with SSand contols usng immunohistochem
istry. In all caes of postive staining, expres®n of the

indudble subunts 32iand R5iwaspredominatly detectable
in the inflammatory infiltrate, but also in acinus cells

(Figure 2C, 2D). Impottanty, staining of R1i using K463

wassignificanty reducedin themajority of patientswith SS
(Figure 2B). Indeed, only 4 paients with SS showed
detectable staining of 31iusing K463in infiltrating immune
cels andwithin selousand,to some extent, mucousacinus
cels (Figure 2A). Using the polyclonal anti-R1i antibody
K464, no cleardifferencesvere obseved between the ana

lyzed groups(data not shown).

Compaing expressions of the inducible proteasmal
subunts, there were no differenes in the immunohiste
chemical stainingsof 32i or of R5i betveenpatientswith SS
(primary andseonday SS)and paientswith siccasymp
toms (Figure 3C and 3D, respetively). Only a slight but
nonsggnificantincreaseof [35i expresson was obsewved in
paients with primary andsecondey SS In contrast,stain
ing of B1iusing K463 wassignificanty reducedin theinfil -
trating lymphocyesaswell asin theacinuscellsof patients
with SS(Mann-Whitneyted, p = 0.0487,Fisherexacttegd,
p = 0.0189;Figure 3A). This differencewasevenmore pro-
nourced when patient receiving hydroxychloroquineor
predhisolone (SS, n = 4; sicca synptoms,n = 1) were
excluded(MannWhitneytest p = 0.0122 Fisherexacttest,
p = 0.0059;Figure 3B).

Expresson of proteamal immunosubunitsand Chisholm
Mason grading. To investigate wheher expressiorof pro-
tessomal subunis was related to the magnitude of the
inflammatory reacton in the salivary tissue histological
scoing was performed indgpendatly by 2 pathologists
blinded for the diagnoss. Overall, staining for R1i using
K463 was found to be negatively correlated to
Chishoin-Mason grade in paient with primary and sec
onday SS(Speamanr = —0.4611,p = 0.0135),but not in
patients with siccasymptoms (Table 2). Further,no signifi-
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Figure 1. Stainingpatternof proteasomammunosubunits
in minor salivary gland tissue.Resultsare representative
for 31i stainingusing K463. A. Epithelium cells of salr
vary ductsshow nonspecifichackgroundreactivity using
the secondaryantibody (solid arrow). In contrast,acinus
cells (brokenarrow) andinflammatoryinfiltrates (arrow
head)were not stained(original magnification200x). B.
Representativanti-B1istainingwith a weakto moderate
homogeneoupatternof epitheliumacinuscells (broken
arrow). Stainingof thesalivaryducts(solid arrows)is corr
sidered nonspecific (original magnification 50x). C.
Detailedanalysesevealednoderate31istainingin acinus
cells(brokenarrow)aswell asin stromallymphocytesand
plasma cells (arrowheads).Staining of salivary ducts
(solid arrow) considerechonspecific(400x).

D) B5I
psSs4

{*400)

Figure 2. Stainingof proteasomalmmunosubunitsn minor labial salivaryglandsof patientswith primary SS,determinedy
immunohistochemicalechniquesA. Strongstainingof B1i usingK463 in infiltrating immunecells andwithin serousandto
someextentmucousacinuscells of one patientwith primary SS (Patient3). B-D. Representativstainingsfor proteasomal
immunosubunitsn onepatientwith primary SS(Patient4). B. Negativesignalfor R1i usingK463. C andD. Stainingfor R2i
andR5i showedexpressiowithin acinuscells, infiltrating lymphocytesandplasmacells (original magnification).

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2009. All rights reserved. |—

Morawietz,etal: Proteasomalmmunosubuniin SS 2697



F R et anti-B1i staining in patients without
A RN sty B immunmeodulating therapy

DR T 1] R —

2 . 2
&N =
E E —— e  e—
'E 1 4 L AL oL LT E 1 L] RISl
2 g
& =
% %
|:| E ddngptabingdn Py |:| o P Ry Y
Spbgrens amdrame 5i% Sjdaran’s andrama S5
(P55 =rd 255 n=11 [p5S and 233 n=10
A=y n=13
C anti-R2i staining D anti-R3i staining
fi. =
fog, —
qn -u oy TR - (T2 ¥
-
. T
5 o2 B R g FE FEFTREYS e
£ o
2 £
£ &
I
T
4 FEE [T 1 E & B Sk ok
£ jbgren’s syndromg S5 S jbgren e syndas me Sis
[p&%and 555 el [55 snd 355) =11
n=4T a=17

Figure 3. Statisticalanalysisof proteasomaimmunosubunitsn minor salivaryglandsafterimmunohistochemicadtaining.A. B1li staining(K463) wassig-
nificantly decreasedn patientswith primary (pSS)and secondarySS (sSS)in comparisonto patientswith siccasymptoms(SiS) without autoimmune
sialadenitistMann-Whitneytest, p = 0.0487,Fisherexacttest,p = 0.0189).B. This differencewas evenmore pronouncedn patientsreceivinghydroxy-
chloroquineor prednisolongMann-Whitneytest,p = 0.0122 Fisherexacttest,p = 0.0059).C. 32i stainingshowedho significantdifferencedetweematients
with primary andsecondangSandpatientswith siccasymptomswithout autoimmunesialadenit§Mann-Whitneytest,p = 0.9811).D. Stainingof 35i was
slightly butnotsignificantlyincreasedn patientswith primaryandsecondansScomparedo patientswith siccasymptomswithoutautoimmunédackground
(Mann-Whitneytest,p = 0.5520).ns: nonsignificant.
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Tablel. Sequencesf selectechbolymerasechainreaction(PCR)primers.

Subunit/Gene Primersequencég5'-3’) Sizeof Expected

DataBankAcc. N PCRProduct,
bp

31 (Delta) F: CAA GCTGACACC TAT TCACGAC 177

NM_002798 R: CGGTAT CGGTAA CACATC TCCT

32(2) F: ATC GCTGGGGTG GTCTAT AAG 176

NM_002799 R:AAG AAA TGAGCTGGTTGTCAT

35(MB1) F: GGCAAT GTCGAA TCTATG AGC 176

NM_002797 R: GTTCCCTTCACT GTCCAC GTA

Bli (LMP2) F: CAA CGT GAA GGAGGT CAG GTA 170

U01025 R: AGA GCAATA GCGTCTGTGGTG

32i (MECL1) F: AAT GTG GAC GCATGT GTGAT 180

Y13640 R: CATAGC CTGCACAGT TTCCTC

B35i (LMP7)/ F: CAC GGGTAG TGGGAA CACTTA 180

u17497 R:ACT TTC ACC CAA CCATCTTCC

a3(C9) F: GGAGCCAAT ACCTTGTGAGC 171

NM_002789 R: CAT CCCCCGTAATTT CCAC

Betaactin (ACTB) F: CTGGAC TTC GAG CAA GAG ATG 178

BC002409 R: TGAAGG TAG TTT CGTGGATGC

F: forward;R: reverse.

Table2. Autoantibodyprofiles, histologicalscores,and [31i stainingusing K463 of different patientgroups.
Stainingof R1iusingK463 and Chisholm-Masorgradewerenegativelycorrelated Spearmam = —0.4611p =

0.0135).No correlationwas found betweenChisholm-Masorgradeand 32i or 35i staining(datanot shown).
Anti-Ro and anti-La antibodieswere determinedusing automatedluorescencémmunoassay$EliA, UniCap

100, PhadiaFreiburg,Germany.

Diagnosis Sex Mean Ro, La, Chisholm-MasorGrade R1i Expressionno.
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:primary Sjogren’ssyndromesSS:secondanssS.

cant corrdation was found between Chishoim-Masongrade
and expressionof the subunits32i and 35i. Expresson of
proteasoma subunit was not relatedto other autommune
manifestaions or to autoantibodiesagainst Ro and La
antigans.

Immunofluoresene compaison of lymphogtic infiltrates
in salivary glands. Lymphocytic inflammaory infiltrates
were identfied in the minor labial tissie biopdes
Phendypic analysis was bagd on immunofluorescace
stainingswith anti-CD20 and anti-CD27 antbodies.In our
study, CD20-posiive, CD27-regativecells represent naive
B lymphogytes, which should appeargreen,while CD20
and CD27 doubke-positivecells represent menory B lym-
phocytes and should appear yellow on the overlays
Red-stainedcells are CD27ostive, representing spedfi -
cally T lymphogstes. Thus no differenceswere observed
betweenpaients with primaryor secmndarySS andbetween
patientswith strongor weak31li expressionof phenotypeor
distributionof infiltrating lymphogytes(Figure4). Follicles
could be identified with areasrich in CD27-nave B lym-

phocyesbut with relatively few CD27-postive memoy B

cells. Areas with T lymphogtes could also be cleaty

distinguished.

mMRNA expresson of R1i, 32, and 35i in patients’salivary

glands.At the mRNA level expresson of all the inducible
proteasone subunis 31i, R2i, and R5i was significantly

higher in patents with SS compared to controlsin PCR
analyses (Figure 5). In contast, no significant differences
were foundfor levek of therespecive congitutive subunits
31, R32,and35. Sinceindudble subunts replacetheir con

gtitutive counterpart to form the 20S proteaome we calcu

lated the ratio of the reectve subunitsto compae the

expres$on of inducble subunis. Using this approach{35i

wasidentfied asthe subunt with the stronget expresion

(ratio of B5 to R5i = 0.88 in contols, 35:R5i= 0.16 in

patiens), followed by 32i (32:32i= 6.15in controls, 32:32i
= 1.88in paiens) and R1i (3131i = 20.03in contols,

R1131i=1.70in pdients).

Detecion of 31 and R1i subunits in patients’PBMC usng

immunobbtting. To analyze expression of 31iin theperiph
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A) CD20 CD27

CD20/CD27 Merge

(x200)

Figure 4. Representativeanmunofluorescencstainingof lymphocytesubsetsn infiltratesin labial biopsiesfrom patientswith primary SS(A) andsecond
ary SS(B). CD20+/CD27-naiveB cells (green),CD20+/CD27+memoryB cells (yellow), andCD27-positiveT lymphocytesubsetgred) weredetectable

in both conditionswith similar cellulardistribution.
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Figure 6. Detectionof the inducible R1i subunitin PBMC of SS patients(P) and

-

healthycontrols(C). A. Immunoblottingrevealedreductionof the 31i signalusing
K463 polyclonalantibody,while no differenceswere observedusingthe polyclonal
anti-RliantibodiesPW8345and K464. B. 2-D electrophoresisindimmunoblotting
using K463 revealedsignificantly strongersignalfor 31i comparedo R1in controls
aswell asin patientswith SS.Stainingsignalfor 31iusingK463wasreducedn 5 out
of 6 patientswith SScomparedo controls.
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Figure 5. Comparison®f geneexpressiorf inducible(R1i, 32i,and5i) andthe correspondingonstitutive(31,32,and5) proteasomesubunitsin salivary
glandsof SSpatients(n = 4) andcontrols(n = 6). NonparametridMann-Whitneytestwith 95% confidencenterval.For betterappreciatiorof the magnitude
of expressiorof eachconstitutivesubunitcomparedwith its inducible counterpartthe samescalewasusedfor eachsubunitpair.

erd immune compartment3 different polyclonal anti-R1i
antibodiegPW8345,K463,andK464) were usedfor detee
tion of 31 subunitexpressiorin PBMC from patientswith
SS(n = 3) conparedto healthycontols (n = 2). No clear
differences were observedusing PW8345and K464, while
resultswith K463 showedslightly weakersignds for 31i
subunitsin patents with SS (Figure 6A). To confirm this
result, we compaed expresion of 31 and R1i in PBMC

usingidenical anountsof protein in 2-D eledrophoresis.

Interestingy, the expres®n signalfor R1iwassignificantly
stronge compaedto the 31 subunitin controk as well asin

patients with SS In subsequentnalyses,we used one
hedlthy control as a standardin comparisonto 6 patients
with SS.In densitonetric evaluationcomparingthe stained

dotsfor 31i, a clearly weakersignd for R1iwasdetctedin

5 out of 6 paientswith SS (Figure 6B).

DISCUSSION
We analyzel expressionof the 3 inducibleproteasomhbsub-

units 31i, B2i, and R5i in minor sdivary gland biopsy
sampks from patient with sicca symptons. Patients with
SS showeda chamaderistic dysreguktion of the proteasmal
immunosibunt Bliin thetargeedtissuesi.e.,in theepithe
lium layerof acinuscels, conpared to paientswith sicca
symptoms without aubimmune sialadenitis. The altered
expres$on of R1iin SS was visudized using polyclonal
anti-Rlianibodies showing asignificantly reducedstaining
signal in minor salivary glands Interestingly, the reduced
31isignalwasnegatvely corelatedto theintensityof lym-
phocytc infiltrates ac@rding to Chisholm-Masn grading.
According to CD20 and CD27 expresson?4, the phenotype
and distribution of B andT lymphocyesweresimilar in the
salivary glandsof patents with SS regardlessof staining
signals for 31i. In contrastto the redued staining signalfor
R1liusng K463,theproteasone subunt Rliwas significant
ly upregubted at the mRNA level in the tissues of patients
with SS. In accod with the obsevation of atered R1i
expresson in the inflanmatory glandular infiltrates the
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stainingsignd for 31liwasalso reduced in PBMC of patients
with SSconparal to healthy controls usingthe samepoly-

clonal anti-31i anibody. Thesefindings suggestthat the
proinflammabry signalof theinfiltr ating cdls does upregu-

late R1li expressionin thetargetedissue of patientswith SS
atthemRNA level. Degite the fact tha mRNA andprotein
expressioro notnecessaiily corelate, theredu@dstaning

intensity using a polyclond antibodyindicatesthe altered

antigenicpropeties of 31iin immunecells of SS patients
compaedto controls.

Of note, in our cohort 3 out of 4 paients undergoing
immunomodukiing thermpy and with diseae quiesence
expressé deedable levels of R1iin the salivaryglandsas
well as in the infiltrating lymphocytes In contiast, all but
oneuntreatd paientwith SShadinfiltrating lymphocytes
thatshowedaltered expression of the 31i protan. Although
it is not possble to draw condusions from sucha limited
number of paients, this could potentially indicate that
expres®on of R1liattheinflammatay siteis influencedby
treamert and perhapsrepreseris a marker of pathaenic
cdls. Interedingly, induction of the constitutive alphatype
C3 subunit was obsewed after exposure to glucocorticoid
therapy2®. However, it remairs to be corfirmed whether
expression of B1i or other proteasomal subunits is also
influencedby antiinflammadory drugs By interferercewith
signding pathwaysof transcriptional factors like nudear
facor-kB such medrcations might be immure modulating
of the Rli-deficient cdls. Invedigations in larger cohorts
are necessaryto claify whether this expression profile
could be usefulfor diagnostic purposesor whetler altered
expression of R1icharaderizesa distinct subsetof patients
with SS

A moleaular déefect in the bidirediond promoter region
of the 31i genehasbeendesaibedin the non-obesealiabet
ic (NOD) mouse a model of type | diabets and SS°. In
consequece, reduced levels of B1i were reportal at the
mRNA and protdn levels, with implications for develop-
mentof auoimmunedisease in that particular anima model
of autdmmunity. In S§ mRNA levels of 31iwerefoundto
beuprggulaiedin PBMC, butno gendic defe¢ was foundin
the promote region (Krause et all® andunpublshel data).
Therefore obsevation of altered 31i expressionin the
humandisease remairs obscure and could be explained by
posttransdptional alterationsof 31iturnover.Anotherpos
sibity is a posttanshtiond modificaion of the 31i proten,
with a potental influenceon antigenicproperties|eadingto
dtered artibody recognition. Thus functional studiesare
requira to confirm alterations in the proteasomesydem.
Longtermobsevationsof SS patientsvould benecessaryto
clarify the effects of R1i dysregulationor modificaion on
the diseasecourseor outcome.

A polymorphismof 31i tha may be asodatedwith dif-
ferent autoimmune disesses has been described’. This
polymorphsm in coda 60 (R/H) also resultel in reducel

recgnition of the protein by anibodies butthe explanation
for this remainsunclea.

Anintactproteasone systemis crucial for cellular home
odasis, actvation of severl transciptionalfactors,andcon
trol of the immunerespons&=30, In this regad, incorpoa-
tion of immunopotea®me subunis into the catalytic com-
plexisknown to have a markedinfluenceon the quality and
quantity of the anigenic MHC | epitopesproducedjnclud-
ing maintenance of a normal selecion of self-pep-
tided4:3%34, |n this coniext, immunoproeasones are alo
involvedin effecive cleaanceof, for examplg viral infec-
tions'3:35 However, altered expresson of onesingularpro-
teasomal subuni could interfere with the assemblyof the
entire caialytic conplex andalter the compositionof certain
immunopoteasone isoforms or hybrid proteasome com
plexes®. Given the influenceof proteasonal subunitcom
postion on the function of the protea®mme system, our
reailts suggesta possble role for the 31i subunitin the
pahogeness of SS.Dysregulation of R1i could potentially
alter apoptoss of autoreective T cdls andlead to pepetua
tion of inflammatory responss.Further, proteasomeswvere
also shown to beinvolvedin the geneation of intracellular
peptides for inflammatory cel signaing®’. Therefore, such
altered protea®meexpressin could influencetheinitiation
or maintenanceof the inflammatory autoimmunerespons.
Takentogether, our daa strongly encouragdurtherinvedi-
gations of the protea®me system in SS. Identifying tis-
sueor cdl-spedfic markers for SSis crucial for our under
standing of this conplex diseae, and could suppot eaty
diaghoss and novel treatment strategiesin clinical trials
with targeed intervenions of only disease-causg cells
Thedysreguhltion of B1liappearsto becharacteristidor SS,
sineit wasrarely seen in paients with siccasymptomswvho
did nothaveaubimmunesialadentis. The commondysreg
ulation of B1iin subses of lymphoid cells of both SSprone
NOD mice andSSpatents suggest thataltered expresion
of R1iprotein could be a marker of pahogeneticcells’839
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