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Interleukm(IL)‐l8isaclonedcytokinethatwasidentifiedoriginallyasafactorhavmgpotentmterferon(IFN)‐ 
γ-inducingactivityonKupffercells・First,weanalyzedlL-18geneexpressionbyreversetranscription-poly‐
merasechamreaction(RT-PCR)inratthyroidFRTL-5cellsandhumanthyroidtissuesamples・Theexpression
ofIL-18mRNAmFRTL-5cellswasenhancedbythryoid-stimulatinghormone(TSH)madose-dependentman-
ner､８－Bromo-cyclicadenosinemonophosphate(cAMP）alsoincreasedinlL-18mRNAlevelsFurthermore， 
TGCTclonesthatexhibitedanincreaseinintracellularcAMPaccumulationshowedanincreasedIL-l8mRNA 

signalwhencomparedtocontrols・Takentogether,thesedatasuggestedthattheeffectofTSHonIL-18gene
expressionwasmediatedbyactivatingproteinkinaseATreatmentofFRTL-5cellswiththeantithyroiddrug， 
methimazole(ＭＭＩ),suppressedthisstimulatoryactionofTSHonIL-18geneexpressionNext,weexamined 
IL-18expressioninhumanthyroidtissuederivedfrompatientswithautoimmunethyroiddiseases(ATD).RT-
PCRandimmunohistologydemonstratedthathumanthyroidfollicularcellsexpressedlL-18Especiallyinthy-
roidtissuefromapatientwithHashimoto'sthyroiditis,expressionwasmorediffuseandextensive,generaUy 
observedmcloserelationtoalymphocyticinfillrateAlso,IL-18proteinwasdistributedinthesamefollicles 
thatexpressFas-LandHLA-DR・ThisstudyisthefirsttodemonstratethedetectionoflL-l8inthethyroid
glandThefrequentexpressionofIL-l8mthyrocytessuggeststhatIL-18itselfmightbeasecretedim-
munomodulatorinATD． 

ligand-mediatedcytotoxicitybyinducingFasligandexpres-
sion(8)InsynergywithlL-12,IL-l8induceslFN-γproduc‐ 
tioninTcellsandenhancesTH1developmentWhereaslL-
l8,withouthelpfromlL-12,inducestheproductionofT,-,2 
cytokine,ＩＬ－４ａｎｄｌＬ－ｌ３ｆｒｏｍＴｃｅｌｌｓａｎｄＮＫｃｅｌｌｓｉ１Ｔｚ)が７０

(9),andincreasesserumimmunoglobulinE(IgE),TH2cyto-
kinesinamousemodelofallergicasthma(１０).Therefore， 
IL-18shouldbeseenasauniquecytokinethatenhancesboth 
TH1-andTH2-mediatedimmuneresponses・

IL-18wasfirstisolatedfromKupffercellsofmiceinjected 
withP7opio77伽cfeγ伽1ｚ〃cl7esandchallengedwithbacterial
lipopolysaccharide（LPS）toinducetoxicshock(2).Subse-

quently,ithasbeenshownthatlL-18isproducednotonly 
byvarioustypesofimmunocompetentcellsbutalsobynon-
immunecellsincludingepidermalkeratinocytes（11)，os-
teoblasticstromalcells(１２),andintestinalcells(13,14).More-
over,IL-18secretionisalsodetectableinthecentralnervous 

(15,16)andendocrinesystems(17,18） 
Ｂｅｃａｕｓｅｏｆｉｔｓａｂｉ]ｉｔｙｔｏｉｎｄｕｃｅｌＦＮ－γｐｒｏｄｕｃｔｉｏｎａｎｄＴＩ－ｌ１ 

Introduction 

Ｃ翻淵:ijili:HfIにWilYi;MH1hlHlN1l-llj,鰍鯉：
(ATD;１).Thesemolecules,producedbybothinfiltrating 
cellsandthyroidfollicularcells,areessentialforTandBcell 
growthanddifferentiationandtheyaffectthyrocytesdi-
rectly,inducingexpressionofmajorhistocompatibilitycom-
plex(ＭＨＣ)classⅡmoleculesandadhesionmolecules(1)． 
Interleukin（Ⅱ)-18wasoriginallyclonedbytheactionｏｆ 
ＩＦＮ－γ-inducingfactorfromTH1cellsinthepresenceoflL-
12(2).Subsequently,IL-18hasbeendemonstratedtohavea 
varietyofbiologicfunctions(3,4）L18actstoenhancepro-
ductionsofTH1-typecytokines（IFN‐γ,IL-2,granulocyte-
macrophagecolony-stimulatin8factor[GM-CSFLtumorne-
crosisfactor[TNF}α,IL-1β,andCCandCXCchemokines） 

onnonpolarizedTcellsandBcells(5,6)JL-18alsostimu-
lateslFN-γsynthesisinnaturalkiller(ＮＫ)cells,upregulates 
perfolin-mediatedNKcellactiviｔｙ(7),andenhancesFas-Fas 
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25.CforlOminutes,４２.Ｃｆｏｒ６０ｍｍｕｔｅｓ,９９.Ｃｆｏｒ５５ｍｉｎ－ 

ｕｔｅｓ,ａｎｄｆｍａｌｌｙｃｏｏｌｅｄｔｏ４ｏＣ． 
cellactivation,theroleoflL-18mautoimmunepathologiesis 

bemgmvestigated・ApathogemcroleforlL-18hasbeensug-
gestedbyobservationsmtheautoimmuneTHl-dependentm-
sulitismnonobesediabetic(NOD)ｍice(18,19),mthedevel-

opmentofexperimentalautoimmuneencephalomyelitis 
(EAE)mthemouse(20)andmchnicalstudiesmpatientswith 
Crohn'sdisease(12,13)andrheumatoidarthritis(21,22)Ｒｅ‐ 

cently,mcreasedlevelsofserLunlL-18hasbeenreportedm 
Craves'disease(23） 

InviewofthepotentialimportanceoflL-l8mimmune 
responseslngeneralandautoimmunitymparticular,wean-
alYzedtheexpressionoflL-18inratthyroidFRTL-5cellsand 
humanthyroidtissuesbyapplymgreversetranscription-
polymerasechamreaction（RT-PCR）andimmunohisto-
chemistry． 

R7PCR 

IL-l8cDNAamplificationwereperformedusingEx-
pandTMHighFidelityPCRSystem(BoehrmgerMannheim） 
ｍ２５/uLoffinalvolumecontainmgonefifthofRTproducts， 
１０pmolofsenseandantisenseprlmers,ａｎｄｌ７５ｕｍｔｓｏｆｎ７９ 
ＤＮＡｐｏｌｙｍｅｒａｓｅ､Theprimersusedfortheamplifications 
werearat-specific3'primer(5'‐AGTGAACATTACCGCTT-
TATCCC-3'）ａｎｄａ５'primeｒ(5'‐ACTGTACAACCGC-AG-
TAATACGGG-3')aspreviousreported(17)Humanspecific 
primerswere5LGCTTＧＡＡＴＣＴＡＡＡＴＴＡＴＣＡＣＴＣａｎｄ３'‐ 
GAACATTCAAATTGCATCITAT（25)．Theamplification 

wasperformedin35cyclesofdenaturationat94ｏＣｆｏｒｌ 
ｍｍｕｔｅ,annealingat55oCforlminute,andextensionat72oC 
forlminutqthelastextensionstepat72oCwasprolon8ed 
for5minuteβ-ActmcDNAamplificationswereperformed 
usingonetwenty-fifthofRrproductsin20cyclesThese‐ 
quencesoftheprimerpairsforβ-actmwereasfollows；ａ５’ 
primer（5LACCCACACTGTCCCCATGTA-3'）ａｎｄａ３’ 
prner(5'一CGGAACCGCTCATTGCC-3')TomeasurePCR
productssemiquantitatively,５ﾉuLofcDNAwereseriallydi‐ 
lutedtwofoldandamplifiedbyusmglO-20cyclesforβ‐actin 
and20-30cyclesforlL-l8underthesameconditionsde-
scribedabove・Ｔｈｅｌｍｅａｒｒａｎｇｅｏｆａmplificationwasob-
tamedforrepresentativeofatleastthreeseparateexperi-
mentsLoadingdye(１５/uL)ａｎｄｌＯ/LLTEbuffer(ｌ０ｍＭ 
Ｔｒｉｓ－ＨＣｌ，ｐＨ7.4,1.0ｍMethylenediammetetraaceticacid 
[EDTA])wereaddedtoeach5-ﾉﾙLPCRproductandloaded 
onto1％agarosegels(GIBCqGrandlsland,ＮＹ)lkblad-
derDNAwasrLmmparallelasamolecularsizemarker・The
expectedsizesofPCR-amplifiedproducts，basedonthe 
knownmRNAsequencesandprimersequences,wereratIL-
18,437ｂｐ；humanlL-18,342ｂｐ）β-actm,２８９bpCelwere 
stamedwithethidiumbromidetorevealDNAbandsunder 

UVillummation,ａｎｄｉｍａｇｅｓｗereacquiredusmgAdobe③ 
Photoshopprogram(AdobeSystemslncorporated,SanJose， 
ＣＡ)，ａｎｄｐｒｏｃｅｓｓｅｄｕｓｍｇＮＩＨＩｍａｇｅｆｏｒＤｅｎsitometric 
Analysis(26)Normalizationwasperformedusmgtheref‐ 
erencegeneβ-actinasmternalcontroLTheamplifiedPCR 
productswereexcisedfromthegelandsubclonedmtoTA 
clonmgvector(InvitrogenCo.,Carlsbad,ＣＡ）Insertswere 
sequencedbyautomaticＤＮAsequencer(Perkm-ElmerCe 
tus,Norwalk,ＣＴ)． 

ＭａｔｅｒｉａＩｓａｎｄＭｅｔｈｏｄｓ 

ＣｅﾉﾉＣｕ/fuね

FRTL-5cells,acontmuousratthyroidfollicularcelllme， 
wereobtamedfromlnterthyrResearchFoundation(Balti-
more,ＭＤ)TheTG7ratcelllmesusedinthisstudywere 

createdbypermanentlytransfectingwild-typeFRTL-5cells 
withthyroglobulmpromoter-choleratoxinAlsubunits(24)． 
TG4isanFRTL-5clonethatistransfectedwiththeneomycm 

resistance(pMAMneo)geneonlyandservedasacontrol 
(24).ＴｈｅｃｅｌｌｓｗｅｒｅｇｒｏｗｎｍｌＯＯ－ｎｍｄｉａｍeterdishesm 
Coon'smodifiedHam'sF-12mediumsupplementedwith 
5％calfserumandasix-hormonenUxturecontaminginsulm 

(lLLg/ｍＬ),hydrocortisone(10-6Ｍ),transferrm(5ﾉﾑg/ｍＬ)， 
glycyl-L-histidyl-L-lysme（１０，８/ｍＬ)，somatostatin（10 
,8/ｍＬ),ａｎｄＴＳＨ(１ｍＵ/ｍＬ〉６Hmedium),asdescribed
previously(24)Passagewasevery7days；freshmediumwas 
addedevery2or3days,andthentheceUsweremamtained 
m3Hmedium(noTSH,nohydrocortisone,ｎｏｍｓｕｌｍ)con-
tainingO2％ｃａｌｆｓｅｒｕｍｆｏｒ７ｄａｙｓｂｅｆｏｒｅｕｓｅｍｍｄｉvidual 
experiments・Ithasbeenreportedthatthecellscanbemaln-
tamedinculturemediumwithoutTSHforatleastlOdays 
andremamviable． 

Ｍａｌｅ"als 

BovineTSH，otherhormones，andchemicalswerepur-

chasedfromSigmaChemicalCompany(StLouis,ＭＯ)un-
lessotherwisemdicatedAnti-humanlL-18monoclonalan-

tibody(clone:25-2G)waspurchasedfromMBL（Nagoya， 
Japan).Monoclonalanti-humanHLA-DRa-chamantibody 
(clone：TALlB5）waspurchasedfromDAKO（ＤＡＫＯ， 
Carpmteria，ＣＡ）andanti-FasLantibody（Ｑ20）waspur-
chasedfromSantaCruzBiotechnology,Ｉｎｃ（SantaCruz， 
CA)． 

ｌｎｓｉｔｕ'eveﾉsej7ansc巾l70n

Thehumanthyroidtissuesampleswereimmersedand 
fixedovernigｈｔｍｌ０％neutralbufferedformalm・Tissues
weredehydratedinalcohol,embeddedinparaffmandsec-
tionedatlessthan5-mmthicknes・Histologicexaminationof

eachtissuepreparationwasperformedwithｈｅmatoxylm 
andeosinForthemolecularanalysis,threetissuesections 
weremountedsidebysideonamicroscopicslidecoated 
with3-aminopropyl-triethoxysialinePriortoexperimenta-
tiontheslidesweredeparaffmizedwithxyleneanddehy-
dratedwithalcohoLThedeparaffinizedsectionswere 

treatedwithproteinkmaseK(DAKO)fOrlOminutesatroom 
temperature・ThedigestionwasstoppedwithRNase-free
water,followedbydehydration・Intwoofthreesectionson
eachmicroscopeslide,ｇｅｎｏｍｉｃＤＮＡｗａｓｄｉｇｅｓｔｅｄａｔ３７･C 
overnight,usinglU//LLRNase-freeDNase(Promega,Madi-

ＲﾊﾉＡａｎｄｃＤＮＡｐｌｅｐａ'ａ"on 

TotalRNAwasextractedfrornFRTL-5cellsandthyroid 
wholetissuebyhomogenizationusingTmzol①（GIBＣＯ， 
Painsly,ＵＫ),accordmgtothemanufacturer'sprotocoLThe 
samplesobtainedwerequantifiedbyabsorbanceat260nm、
ｃＤＮＡｗａｓｓｙｎｔｈｅｓｉｚｅｄｕｓｍｇａｎＡ－ｍｕrineleukemiavirus 
transcriptase(AMV-RT)ｍａ２０－/LLreactioncontammgL6 
lLgoligo-p(dT),5primer,50unitsRNaseinhibitor,lmMeach 
ofdNTPs,２/ＬＬ１０×reactionbuffer,５ｍＭＭｇＣｌ２,２０ｕｍｔｓ 
ＡＭＶ－ＲＴ(allfromBoehrmgerMannheim,Mannheim,Ger-
many)ａｎｄ２/LgoftotalRNAReactionswereincubaｔｅｄａｔ 
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theeffectofTSHonlL-18geneexpressioninFRTL-5cells 
(Fig.１Ａ）TSHstimulatedlL-18mRNAexpresｓｉｏｎａｔｌＯ 
/ｕＵ/ｍＬ－１ｍＵ/mLinadose-dependentmanner・Thean-
tithyroiddrug,methimazole(ＭＭＩ),suppressedtheTSH-in-
ducedstimulationofIL-18mRNAlevels(Fig.１Ａ).Ｔｈｉｓｅｆ‐ 
fectofMMIwasconcentration-dependent（FiglB)．A 
detectableinhibitionoflL-l8mRＮＡｌｅｖｅｌｓｗａｓｅｖｉｄｅｎｔａｔ 

Ｏ１ｍｍｏｌ/ＬＭＭＩＭＭＩａｌｏｎｅｈａｄｎｏｅｆｆｅｃｔｏｎｔｈｅlL-l8 

mRNAexpression． 

Son，ＷＩ）suspendedmadiethylpyrocarbonate（DEPq-
treatedsolutioncomposedｏｆ５ｍＭＭｇＳＯ４ａｎｄｌＯ５ｍＭｓｏ－ 
ｄｉｕｍａｃｅｔate・ThethirdsectiondidnotreceiveDNasetreat‐

ｍｅｎｔａｎｄｗａｓｕｓｅｄａｓａｐｏｓｉｔｉｖｅｃｏｎｔｒｏＬＴｈｅＤＮａｓｅｗａｓ 
removedwithal-mLrinsemDEPC-watｅｒｆｏｌｌｏｗｅｄｂｙａｌ－ 
ｍＬｒｉｎｓｅｉｎｌＯ０％ｅｔｈａｎｏＬ 

ｃＤＮＡｗａｓｇｅｎｅｒａｔｅｄｕｓｍｇａｎＡMV-RTtranscriptasem 
20-/(LLreactioncontainmgL6/Lgoligo-p(dT),５primer,５０ 
unitsRNaseinhibitor,ｌｍＭｅａｃｈｏｆｄＮＴＰｓ,２/ＬＬ１０×re-

actionbuffer,５ｍＭＭｇＣｌ２,２０unitSAMT-RTReactionswere 
mcubatｅｄａｔ２５ｏＣｆｏｒｌＯｎＵｎｕｔｅｓ,４２.Ｃｆｏｒ６０ｍｍｕｔｅｓ,９９.C 

for5minutes,andfinallycooledto4oCOneoftheDNase-
treatedsectionswaschosenfortheRTreactionwhilethe 

otherservedasanegativecontrol． 

Ｅｆ７Ｄｃｆｏｆ８－ｂｍｍｏ－ｃＡＭＰｏｎノＬ－７８ｍＲ/VAexp'ess/on

-TheTSHeffectsontheproliferationanddifferentiationof 
thyroidcellsaremainlymediatedbycAMP(27,28).Todeter‐ 
mineifthestimulatoryeffectofTSＨｏｎｌＬ－ｌ８ｍＲＮＡｗａｓ 
ｍｉｍｉｃｋｅｄｂｙｃＡＭＰ,preculturedceUswereexposedtoO5mM 
of8-bromo-cAMP(8Br-cAMP),acAMPanaloguethatdirectly 
mcreasedthemtracellularcAMPmthethyroidcells、８－Br-
cAMPmcreasedm-l8mRNA(Fig.２A).MMIsuppressed8-
Br-cAMP-mducedlL-18mRNAexpression(Fig.２A)． 
Ｗｅａlsostudiedtheeffectoflong-termcAMPelevation 

onlL-l8mRNAexpressionbyusmgthetransfectedFRTL‐ 
5celllines(24)(Fig2B)ThephenotypeproducedmtheTC7 
wascharacterizedbymarkedly(lO-fold)increasedbasallev-
elsofmtracellularcAMEmcreasedadenylylcyclaseactiv-
ity,andmcreasedcellproliferation(24)Expectedly,TC7 
showedanmcreasedIL-l8mRNAsignalcomparedwith 
controls(TG4）MMIalsocouldreducethelevelsoflＬ－１８ 
ｍＲＮＡｏｆＴＧ７． 

ｌｎｓｉｔｕＰＣＲ 

ＴｏｉｍｔｉａｔｅＰＣＲ,10-lLLaliquotsofPCRmixturecomposed 
ofl5mMMgCl2,200/ｕＭｄＮＴＰ,０．０５Ｕ//ｕＬｎＩ９ＤＮＡｐｏｌｙ‐ 
merase,andlluMsenseandantisenseprimerｆｏｒｒａｔｏｒｈｕ－ 
ｍａｎｌＬ－ｌ８ｗｅｒｅａｄdedtoeachofthreesectionsandcover-

slippedTodetecttheamp1ifieｄＰＣＲｐｒｏｄｕｃｔｓｉ１ｚｓ伽,ｗｅ
ａｄｄｅｄｌＯノuMdigoxigenin-labeledll-dUTP（dig-dUTPノ
BoehringerMannheim)，whichwasdirectlyincorporated 
mtothePCRproducts,tothePCRmixtureTheamplifica‐ 
tionwasperformedm20cyclesofdenaturationat94oCfor 
lmmute,ａｒｍｅａｌｍｇａｔ５５ｏＣｆｏｒｌｍｍｕｔｅ,andextensionat 
72oCforlmmute,thelastextensionstepat72oCwaspro-
longedfor5mmutesAfterＰＣＲ,theslideswereimmersed 
mchlorofOrm,anddehydratedinlOO％ethanoLTheampli-
fiedPCRproductsweresubsequentlydetectedcolorimetri-
callybyincubationat37oCforlOminuteswithantidigoxi‐ 
genm-alkalineperoxidaseantibodyThen，slideswere 
washedmTris-bufferedsalme(TBS)twiceforlmmuteand 
mdistilledwaterforlmmuteSectionsweremcubatedwith 

FastRedsolution(DAKO)for5mmutes,followedbycoun-
terstammgwithMayer'shematoxylinfor5mmutes・The
counterstainproducesadarkblueforthenuclei,whereas 
thesignalispmk 

Ｅ77℃ｃｔｓｏｆｐ'Dfe/ｎｋﾉﾉ7ａｓｅＣａｃがvatorandacaに/ｕｍ

ﾉonOpho'ｅｏｎＬ７８ｍ/ＥＷＡｅｘｐﾉess/ｏｎ/ｈＦＲ７Ｌ－５ｃｅ/Ⅱs 

lnadditiontoactivatingadenylylcyclase,TSHcanliber-
atediacylclycerolfrommembranelipidstoactivateprotem 
kinaseC,andcanliberatemositolphosphateStomcreaseln-
tracellularCa＋＋ｃoncentrationsathigherdosesthanre-
quiredtoraisecAMPlevels(27).Weexaminedtheeffectof 

tissueplasmmogenactivator(TPA),apotentprotemkinase 
Cactivator,onlL-18geneexpressionTPAhadnoeffecton 
Ll8mRNAexpressionbythetreatmentof4-24hours(Fig. 
2C)ThecalciumionophoreA23187,whichincreasesintra‐ 
cellularlevelsofionizedcalcium,hasbeenusedtoexplore 
theactionsofthelatterpathway,A23187stimulatedlL-l8 
mRNAexpressionatlowconcentrations(0.1-ＭＭ),whereas 
cellstreatedwithlO/ＬＭｏｆＡ２３１８７ｄｉｄｎｏｔｓｈｏｗｌＬ－１８ 

ｍＲＮＡ(Fig.２q 
lthasbeendemonstratedthatserumcontainedmthecul-

turedmediummcludemanygrowthfactorsandhormones 
andthesesubstancesinHuencecellfUnctionandgrowth 
Thus,weexaminedtheeffectofbovinecalfserumonIL-l8 

geneexpressionCellstreatedwithlowconcentrations 

(1％-2％）ｏｆｃａｌｆｓｅｒｕｍｓｈｏｗｅｄｌＬ－１８ｍＲＮＡｅｘｐｒession 
However,highconcentrationsofcalfserumdidnotstimu-

latetheexpressionoflL-l8mRNA(Fig2D） 

ﾉmmunoh/Sfochem/Sin／ 

Inthisstudy,weexaminedlL-18expressionml5casesof 
Graves'diseaseandl4casesofHashimoto'sthyroiditisThe 
normalthyroidtissueswereobtamedfromthesections， 
whichwereresectedforthesur8eryofthyroidcancer,For-
malm-fixedsectionsweredeparaffinizedandmcubatedwith 
3％hydrogenperoxidasemmethanolfor30mmutestoblock 
endogenousperoxidaseactivityThen,thespecimenswere 
mcubatedwithanti-humanlL-l8monoclonalantibody 
(clone:25-2ＧＭＢL),monoclonalanti-humanHLA-DR,a-

chainantibody(clone:TAL1B5jDAKO),andanti-FasLan-
tibody(Q20；SantaCruzBiotechnology)overnight,rinsedin 
phosphate-bufferedsaline(PBS)andsubsequentlyincubated 
withEnVision＋(DAKO)fOr30mmutes・Thereactionswere

visualizedwith３，３'-diaminobenzidinetetrahydrochloride 
for2-3minutes,whichresultedinabrowｎcolor． 

Detec肋no〃L-78geneexpﾉess/ｏｎ/nhumanlhWo/d
脂suesamp/ｅｓｕｓ/ｎｇＲ７ＬＰＣＲａｎｄ/ｎｓ/､ノＲ７とＰＣＲ

Second，weexaminedtheexpressionofhumanlL-18 
mRNAinhumanthyroiddiseasesusmgtheRT-PCRmethod 
(Fig.３）Humanthyroidtissuesamples,normalthyroidtis-
sue(Ｎ),Craves'disease(Ｃ),Hashimoto'sthyroiditis（Ｈ)， 
andtumor(papillarythyroidcarcinoma)(T)constitutively 

ＲｅｓｕＩｔｓ 

Ｅ77℃crof7Sh/ａｎｄＭＭ/ｏｎノL-78mFWAexpless/ｏｎ/、ノａｒ
"ＭＤ/ｄＦＲ７Ｌ－５ｃｅ//ｓ 

ＴＳＨｉｓａｐｒｉｍｅｒｅｇｕｌａｔｏｒｆｏｒｔｈｅｆｕｎctionandprolifera-
tionofthyroidfollicularcellsTherefore,wefirstevaluated 
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FIGLEffectofthyrotropm(TSH)andmethimazole(ＭＭＩ)onmterleukm-18(IL-18)mRNAexpressionmratthyroid 
FRTL-5cells､Cellsweremamtaｍｅｄｆｏｒ７ｄａｙｓｍ３ＨｍｅｄｉｕｍｐｌｕＳ0.2％calfserumasdescribedmMaterialsandMethods 
beforebeingchallengeｄｗｉｔｈＴＳＨａｎｄＭＭＩｆｏｒ２４ｈｏｕｒｓＴｏｔａｌＲNAwasextracted,ａｎｄreversetranscription-polymerase 
chainreaction(RT-PCR)wasperformedBandsanalyzedbydensitometryareshownrightResultsareexpressedasthelL-
18/β-actinratioofmRNAexpression・Similarresultswereobservedmthreemdependentexperiments,TSHstimulatedlL-
18mRNAexpressionatlO卜ＬＵ/ｍＬ－１ｍＵ/mLinadose-dependentmanner；１０mMofMMIabolishedthisTSHaction(A)．
ThetableshowsthesignificantdifferencesbetweengroupslheMMIeffectswereconcentration-dependent・Aremarkable
decreasemTSH-inducedlL-18mRNAwasmeasuredatO・ｌｍＭＭＭＩＭＭＩａｌｏｎｅｄｉｄｎｏｔａｆｆｅｃｔthelL-18mRNAexpres‐
sion(B） 

expressedlL-18mRNA(Fig.３A）Therewasnospecificdif‐ 
ferenceoflL-l8geneexpressionbetweenthesesamples・This
methodologicapproachdidnotallowustodiscriminate 
whichcellsactuallyproducelL-18Therefore,wetriedtode-
tectthepreciselocalizationoflL-l8mRNAmthyroidglands， 
us、gthemethodsofi〃sifnRT-PCR(Fig3B)IL-l8mRNA
wasdetectedexclusivelyinthethyroidfollicularcells,con-
sistentwiththedataobtainedbyconventionalRT-PCR・
Moreover,thethyrocytesaccompaniedwithATDdemon-
stratedhigherlL-l8mRNAcomparedtothenormalthyroid 
gland・IntensivesignaloflL-l8wasdetectedmthyroidtis-
suefromapatientwithHashimoto'sthyroiditis． 

creasedstammgwasdetectedmthecytoplasmmhyper-
plasticandmetaplasticcells,whichfOrmedsmallfollicles・
TheexpressionoflL-18wasleastfrequentlyinGraves'dis-
easeThefrequencyofthefindmgsinGraves′diseasecor-
relatedwiththedegreeoffocalthyroiditisintheglands 
Moreover,endothelialcellsalsoshowedcytop1asmiclL-18 
expression(datanotshown)． 

IL-l8affectstheimmunesystembyinducmglFN-γse-
cretionbyT,ＮＫ,orBcellsandaugmentingFasligand-me‐ 
diatedNKcellcytotoxicactivity(8,29,30)Then,weevalu‐ 
atedthelocalizationofHLA-DR,whichcouldbeinduced 

byIFN-γ，andFasLinthyroidtissuesusingrespective 
monoclonalantibodieｓ（Fig.４）Graves′thyroidtissue 
stainedweaklyforHＬＡ－ＤＲａｎｄＦａｓＬ,localizedinthele-
sionsadjacenttolymphocyticinfiltrates(Fig.4).Incontrast， 
thyrocytesfromHashimoto'sthyroiditissectionsstained 
stronglypositiveforHLA-DRandFasL,exhibitingamem-
branousandacytoplasmicpatternofstaming,respectively 
(Fig.４)Themtensityanddistributionofpositivestainmg 
ofHLA-DRandFasLwereevenhighermfolliclesfromar-
easadjacenttolymphocyticinfiltrateslL-18protemwas 

/mmunoh/Sroc/7ｅｍ/Ｃａ/staﾉﾉﾌﾉﾉ７９わｒｈｕｍａｎノL-78/ｈｐａﾉnaf7m-
embeddedsec"ons肋mA7Ds

Applyingimmunohistochemistry,IL-18wasdetectedma 
smallscatteredgroupsoffollicularcells(Fig.４)Inthyroid 
tissuefromapatientwithHashimoto'sthyroiditis，expres-
sionwasmorediffuseandextensive,generallyobservedm 
closerelationtoalymphocyticinfiltrateOfnote，ｔｈｅｉｎ－ 
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FIG２．Regulationofmterleukm-18(IL-18)mRNAexpressionmFRTL-5cellsbyprotemkmaseApathwaynotbypro‐ 
temkinaseCpathwayCellsweremamtamedfor7daysm3Hmediumplus0.2％calfserumbeforetheadditionofme‐ 
thimazole(ＭＭＩ)mthepresenceofabsenceofreagentsAfter24hours,totalRNAwasextractedandreversetranscription-
polYmerasechamreaction(RT-PCR)wasperformedBandsanalyzedbydensitometryareshownmthelowerpaneLResults 
areexpressedasthelL-18/β‐actinratioofmRNAexpressionSimilarresultswereobservedmthreemdependentexperi-
ments8-Bromo-cＡＭＰ(8-Br-cAMP)mimickedthestimulatoryeffectofthyrotropm(TSH)onlL-l8mRNAMMIalsosup‐ 
pressed8-Br-cAMP-inducedlL-18mRNAexpression(Ａ）TheTGCT-transfectedclones(TＧ７),whichexhibitedanmcrease 
mmtracellularcAMPaccumulationovernontransfectedFRTL-5cells(TG-4)asreportedpreviously(24),ｓｈｏｗｅｄａｎｍ‐ 
creasedlL-l8mRNAsignalwhencomparedtocontrols・MMIcouldreducethelevelsoflL-18ｍＲＮＡｏｆＴＧ－７(B）Theex‐
pressionoflL-18mRNAofcellstreatedwithTPAwasnotdetectedA23187stimulatedlL-l8mRNAexpressionatlowcon-
centrations(０－０１/ｕＭ),however,cellstreatedwithlO/uMofA23187didnotdemonstrateIL-18mRNA(C).Cellstreated 
withlowconcentrations(1％-2％)ofcalfserumdemonstratedlL-18mRNAexpressionHowever,highconcentrationsof 
calfserumdidnotstimulatetheexpressionofIＬ－１８ｍＲＮＡ(Ｄ)． 

distributedmthesamelesionsthatexpressHLA-DRand 
FasL(Ｆｉｇ４）Therewasaclosecorrespondenceofthein‐ 
creaseinlL-l8proteinandincreasedtheintenseexpression 
ofHLA-DＲａｎｄＦａｓＬ 

spleenplaque-formmgcellresponsesinmice(31-33),and 
enhancethelFN-γ-inducedexpressionofHLA-DRoncul-
turedhumanthyrocytes(34-36).Moreover,TSHhasbeen 
showntoenhancecytokineresponsesofhematopoieticceUs 
(37)tomcreasethecytotoxicactivitvofNKcells(38),andｔｏ ソ

serveasacostimulatoryfactorformitogenorlL-2-induced 
T-cellproliferation(38).Thepresentdatasuggestthepossi-
bilitythatthoseregulationｓｏｆｌｍｍｕｎｅｒｅｓｐｏｎｓｅｓｂｙＴＳＨ 
ｍｉｇｈｔｂｅinpartmediatedbylL-l8production・

TheeffectsofTSHontheproliferationanddifferentiation 
ofthyroidcellsaremainlymediatedbycAMP(27,28)Ｔｏｄｅ‐ 
termmewhetherthestimulatoryeffeｃｔｏｆＴＳＨｏｎＩＬ－１８ 
ｍＲＮＡｗａｓｍｉｍｉｃｋｅｄｂｙｃＡＭP,preculturedceUswereex-
posedto０．５mMof8-Br-cMAP8-Br-cAMPalsoincreasedIL-
18mRNA・Furthermore,TG7cellsthathaveincreasedbasal

levelsofintracellularcAMPshowedanincreasedlL-18 

Ｄｉｓｃｕｓｓｉｏｎ 

ｌｎｔｈｉｓｓｔｕｄｙ,wefirstrevealedthatthyroidfollicularcells 
couldproducelL-18,whichisthoughttoplayanimportant 
rolesinmductionoflFN-γandFasL,andsuggestedthatIL‐ 
l8productioninthyrocyteswasｕｎｄｅｒｔｈｅｃｏｎｔｒｏｌｏｆＴＳＨ・

First,ｕｓｍｇｒａｔＦＲＴＬ－５ｃｅｌｌｌｍｅ,ｗｅｅｘａｍｍｅｄｔｈｅｅｆｆｅｃｔs 
ofvarioushormonesandreagentsincludingthemainthy-
roidregulator,ＴＳＨ,ontheexpressionoflL-18mRNA・We
foundthatTSHstimulatedtheexpressionoflL-18inFRTL-
５ｃｅｌｌｓＴＳＨｈａｓｂｅｅｎｓｈｏｗｎｔｏａｕｇｍｅｎｔａntigen-specific 
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infiltratesasdescribedmpreviouspapers(14,20)Recentpa-
pershavemdicatedlFN-γupre311atesL18geneexpression 
(45,46).TherefOre,thecytokine,especiaUylFN-γ,whichare 
producedbythelymphocyticinfiltratemaymducen-18 
productionmthethyroidceUs・TTIerefOre,theseinteractions
betweenthelymphocytesandthyroidfonicularcellsviathe 
cytokinesmayperpetuatethelocalimmuneresponses 

Furthermore,ｗedetectedthesimultaneousexpressionsof 
L18,FasL,andHLA-DRonlhyroidfOlucularcells(Fig.4） 
BecauselL-18regulatesⅡＮγproductionandthesubse‐ 
QluentexpressionofMHCclassIandⅡantigensbytheep‐ 
ithelialceUsandmducesTHlcellpromferation,itisconceiv-
ablethatlL-18maycontributetothelocalimmuneresponse 
mHashimoto'sthyroiditisbyinducingHLA-DRandFasL 
mthyroidfollicularcellsandsurroundmgimmunocompe-
tentce11s,andpromotingtheexpansionofTH1-primedm-
trathyroidallymphocytes 
Recently,MiyauchietaL(23)showedmcreasedlevelsof 

serumlL-18inGraves'diseaseMoreover,ourresultsi〃Uitro

alsoproposedthepossibilitythatTSHreceptorantibody 
(TRAb)couldalsostimulateL18expressionmthyroidfOl‐ 
licularcells・Sincerelativelylowlevelsofn-12geneexpres-
sionhavebeendetectedmthethyroidsofGraves'disease 
(47),acrucialrolefOrL-18mthethyroidofGraves'disease 
maybeduetopromoteTH2responses､However,theex-
pressionofL-18wasweakandlessfrequentmGraves'dis-
easethaninHashimoto'sthyroiditis(Fig.４)Thefrequency 
ofthefindingsmGraves'diseasecorrelatedwiththedegree 
offOcalthyroiditismtheglands(Fig.4)Becausethepatients 
exammedinthepresentstudyweretreatedwithantithyroid 
drugs,resultinginaeuthyroidstateatthetimeofoperation， 
thistreaImentmayhavemfluencedL-18expressionmour 
materialsbyinhibitin8TSH-orTRAb-mducedn-18pro-
duction 

lnconclusion,thedatapresentedinthispapermdicate 
thatTSHstimulatesIL-18mRNAexpressionmratthyroid 
cells,andconstitutiveandfrequentexpressiononhuman 
thyroidfollicularcells,indicatmgthatlL-18upregulation 
isanimmunologicfeatureofATDandsuggestingthatn-
18mayplayaｒｏｌｅｍｐｒｏｍｏｔｍｇｔhelocalimmunere-
sponse． 

mRNAsignalcomparedwithcontrols(TG4)Thesefindmgs 
suggestthattheeffectofTSHonlL-18geneexpressionwas 
mediatedbyactivatingprotemkmaseA・

Inadditiontoactivatingadenylylcyclase,TSHcanliber-
atediacylglycerol(DAG)frommembraneUpidstoactivate 
proteinkinaseC,andcanliberatemositolphosphatetom‐ 
creaseintraceUularCa+＋concentrations(28).Apotentpro-
temkmaseCactivator,TPAhadnoeffectontheexpression 
oｆＬ－１８ｍＲＮＡ,whereasthecalciumionophoreA231８７m-
ducedslightlevelsofn-18atlowconcentrationsTherefOre， 
cAMPproteinkinaseApathway,ratherthanprotemkinase 
Cpathway,re8UlatestheL-18geneexpressionmratthy-
roidFRTL-5cells， 

MMIisusedasaneffectivetherapeuticagentmautoim-
muneGraves'disease,byinhibitingthefOrmationofthyroid 
hormones(39).MMIreducesthelevelofthyroidautoanti‐ 
bodies（40),suggestinganimmunosuppressiveactionon 
lymphocytesandantigen-presentingcellsand/ordirectlhy-
roidactiontoreduceantigensignaling(41,42)Moreover,re‐ 
centpapersdescribedotllereff巳ctsonthethyroidcellsby
MMI,mcludmgi〃uifroreductionofmajorhistocompatibil‐
itycomplex(MHqclasslantigenasweUasreductionsof 
hsp-72,prostaglandinE2,Ⅱ-1,n-6expressionbythyrocytes 
(42-44).Thus,ourdatamdicatedthenovelimmunosup-
pressiveeffectofMMIthatsuppressedTSH-mducedlL-18 
production 

Next,weObservedthattheconstitutiveexpresiosnofn-
18mRNAmhumanthyroidglandsusingconventionalRT-
PCRmetllods（Fig.３Ａ).Moreover,wefoundthatn-18 
mRNAwasspecificallyeXpressedmthethyroidfOllicular 
cellsbyi"s伽RT-PCR(Fig.３B).Tolimitednumbersofhu-
manthyroidsamples,therewasthetendencythathigherlev-
elsoflL-l8mRNAweredetectedmTH1-dominanttypedis‐ 
ease,Hashimoto'sthyroiditis(Fig.３B)． 
FmaUy,byapplyinganimmunohistochemicalstudy,we 

haveshownherethatn-18isupregulatedmHashimoto's 
thyroiditis,andweprovidedevidencethatn-18expression 
clearlydifferentiatesbothHashimoto'sthyroiditisand 
Graves'diseasefromthenonnalthyroidtissue(Fig.４).Ｗｅ 
ａｌｓｏｓｈｏｗｅｄｔｈａｔｔｈｅｅｘｔｅｎｔａｎｄｄｅnsityoflL-18staining 
weremarkedlymcreasedmcloserelationwithlymphocytic 

FIG３．Detectionofmterleukin-18(IL-18)geneexpressionmhumanthyroidtissuesamplesuslngreversetranscription‐ 
polymerasechamreaction(RT-PCR)ａｎｄi〃s伽RT-PCRTotalRNAwasextractedfTomhumanthyroidwholetissueby
homogemzationusmgTRIzol②(CIBＣＯ,Painsly,ＵＫ),accordmgtothemanufacturer'sprotocolandRT-PCRwasperfOrmed 
Humanthyroidtissuesamp1esconstitutivelyeXpressedm-18mRNA(Ａ).Ｎ,normalthyroidtissue；GGraves'disease；Ｈ， 
Hashimoto'sthyroiditis;Ｔ,tumor,papiUarythyroidcarcmoma・TheprecisedistributionoftheⅡ-18mthethyroidgland
wasexploredbydetectingthecorrespondmgPCRamplifiedcDNAsbyi〃s伽RT-PCR(B).IL-18mRNAwasdetectedex‐
clusivelymthethyroidfOUicularcells,whereasabsentoraweaksignalforL-18mRNAwasdetectedmconnectivetissues 
andinfiltratinglymphocytesinthethyroidgland・Moreover,Illethyrocytesaccompaniedwithautoimmunethyroiddis-
ease(ATD)demonstratedhigherL18mRNAcomparedtothenormalthyroidfO1hcularceUs(B).Originalmagnification， 
400×． 

FIG４．hnmunohistochenUcalstainingforinterleukin-18(Ⅱ-18),HLA-DR,andFasLinparaffin-embeddedsectionsfrom 
autoimmunethyroiddisease(ATD).Usmganti-humanL18monoclonalantibody,monoclonalanti-humanHLA-DRa-
chainantibodyandanti-FasLantibody,thyroidfollicularceUsmapatientwithHashimoto'stllyroiditisrevealeddiffuse 
andextensivestaininggeneraUyobservedwithmoradjacenttolymphocyticinfiltrates､TYIeexpressionoflL-18wasleast 
frequentlymGraves'disease・ＴＴＩefrequencyofthefindingsmGraves'diseasecorrelatedwiththedegreeoffOcalthyroiditis
mtheglands・L-18protemwasdistributedinthesamefomclesthatexpressHLA-DRandFasLTherewasaclosecorre-
spondenceoftheincreaseinn-18protemandmcreasedthemtenseeXpressionofHLA-DRandFasLOrigmalmagnifica‐ 
tion,400×． 
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