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MasakiDonena'b,MakotoOhtania'b,KazutoKiuraa,AyumiSaekia,NaohoTanizumea'b,

AkiraHasebea,YasunoriTotsukabandKen-ichiroShibataa*

ABSTRACT:Splenocytespreparedfroln8-weekoldand20-montholdC57BL/6micewerestimulatedwith

variousconcentrationsoftheTLR21igandFSL-lortheTLR41igandE.coliLPSandthegrowthofthesplenocytes

wasmeasured.BothFSレlandE.coliLPSstimulatedthegrowthofthecellsfromtheyoungmicemorestrongly

thanthatfromtheagedmiceinadose-dependentmanner.Thesplenocytesfromtheyoungandagedmiceexpressed

bothTLR2andTLR40nthecellsurfaceandtheexpressionlevelsofbothTLRswerehigherinthe}・oungmicethan

intheoldmice.TheexpressionandfunctionsofTLR2a1ユdTLR4werethenexaminedwithni1ユeeachof60-weekand

8-weekoldmice.TheexpressionlevelsofTLR4weresignificantlyhigherintheyoungmicethanintheagedmice,

whereastheexpressionlevelofTLR2wassignificantlylO"・erintheyoungmicethanintheagedmice.However,the

alnountsofTNF一 αandIL-6producedbysplenocytesfromtheyoungmiceweresignificantlylargertlユanthosefrom

theagedmice,suggestingthatthefunctionofTLRsisimpairedintheagedmice.Theexpressionandfunctionsof

TLR2andTLR4inhumanPBMCwerealsoexamined.TheexpressionlevelsofbothTLR2andTLR4intheyoung

indiVidUalSWereSlightlybtltnOtStatiStiCallySignifiCantlyhigherthanthOSeintheagedindiVidtlalS.FSL-lbUtnOt

theLPSstimulationinducedsignificantlylargeralnountsofIL-6inyounghulnanadultswlユencomparedwithaged

adults.Inaddition,bothFSL-landLPSstimulationinducedsignificantlylargeramountsofTNF一 αinyoungvolun-

teersthaninthosefromtheagedones.

Thus,thepresentstudystlggeststhatthefunctionsofTLR2andTLR4becomedefective、vithaginginhumansand

mice.

KeyWordsToll-likereceptor2,Toll-likereceptor4,Aging

Introduction

Hulτlanagingisconcernedwithincreasedmorbidityand

mortalityfrominfectiousdiseasesandimpairedresponses

toimmunization,whichresultsinpartfromimmunosenesc-

ence(1).Imrnunosenescenceisdefinedasthestateofdys-

regulatedinlrnunefunctionthatcontributedtotheinc1^eased

susceptibilityoftheelderlytoinfectionand,possibly,to

autoimmunediseaseandcancer(1).Numerouslinesofevi-

dencehavebeendescribedthattherearealterationsin

adaptiveimmunityassociatedwithagingwhichincludea

shiftfromnalvetomemoryphenotypeTcells,aswellas

decreasedCD28expressionanddecreaseinnumberof

cloneintheTcellrepertoire(2).lnaddition,theeffectsof

agingontheinnateimmunesysteminhumanandmicehave

beenreviewedrecently(3,4).However,mostofthestudies

focusonexpressionandfunctionofToll-likereceptors

(TLRs),cellnumbersandfunctionsofinnateimmunecells

isolatedsuchasneutrophils,monocytes/nlacrophagesand

dendriticcells(3,4).Therefore,inthisstudy,wefocused

onexpressionandfunctionofTLRsofthewholecellsin

lymphoidtissuesuchasmousesplenocytesorhulnan

peripheralbloodmononuclearcells(PBMC)whichinclude

varioustypesofimmunecellssuchaslymphocytes,
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ABSTRACT Sp lenocytes prepared from 8 - week old and 20- month old C57BL /6 mice were s timulated with 

various concentralions of the TLR2 ligand FSL-i or the TLR4 liganu E. cu!i LPS alld th e gTO\\ lit u f lhe sp lenocyles 

was measured. Both FSL-l and E. coli LPS stimu lated the growth of the cel ls from the young mi ce more strongl ~' 

th3 n that from tIlt' aged mice in a dosE'-depend enr manner. The splenocytes from the young a nel aged mice expressed 

both TLR2 and TLR4 on the cell surfac(\ and the expression levels of both TLRs were higher in the young mice than 

in the old mice. The expression and func t ions of TLR2 and TLR4 were then examined with nine each of 60-week and 

8-week old mice. The expression le\'els of TLR4 were significantly higher in t he young mice t han ill the age d mice, 

whereas the expression level of TLR2 was s ignificantly lower in the young mice tha n in the aged mice. lIowcver, the 

(:llllOUntc-; of TNF'-a: and IL-6 product:d by ~plcnocytes from the young micf.; were :;ignific an tly large r than tho~e frum 

the aged mice. suggesting that the function of TLRs is impaired in t he aged mice. The exp r ession and functions of 

T LR2 and TLR4 in human PB?lIC wen' also exam ined. The expres~ion levels o f both TLR2 and TLR4 in the young 

individu als were slightly but not statist ically sign ifi cantly higher than those in the aged individua ls. FSL-l but not 

the LPS sti mul atio n induced significantly larger amounts of IL-6 in young human adults when compared with aged 

adul ts. In addi ti on. both FSL-i and LPS s timu lation induced significan tl y larger amounts of TNF-a in young vol un· 

leers than in those from the aged ones. 

Thu s. the present study suggests th at the functions o f TLR2 and TLR4 become defective \\'ith aging in humans and 

mice. 

Key Words; Toll -like receptor 2. Tol l- li ke receptor 4. Aging 

Introduct io n 

Humml aging is concerned with increaseel morbid it y and 

monality from infectious diseases and impaired responses 

to immunization . \\ llich results in part from immutlosenesc· 

ence (1). Immunosetlcscencc is defined as lhe statc of elys· 

regulated immune function that contributed to the increased 

susceptib ili Ly of lhe elderl) to infection <Ind. po~sibl}' . to 

autoimmune disease and cancer (]). Numerous lines of evi· 

dence have been described that there <Ire alterations in 

adaptive imm uni ty associateel with aging which include a 

shift from na ive lo memOl'y pheno typ e T cells. as well [IS 

decreased CD28 express ion and decrease in IlUmbel of 

clone in the T cell repcnoire (2) . In addit ion. th e effects of 

aging on the innate immune system in human anel mice have 

been rev iewed recently (3.4). Howe\;er, most of th e studies 

focus on expression and function of To l l-lik e receptors 

(TLRs) . cell numbers and functions of innate immune ce ll s 

isolated such as neutrophils. monocytes / macrophages and 

uenurilic cells (3. 4) . Therefure, in this Sluel~. we focused 

on expreSsion ancl function of TLRs of the whole cells in 

lymphoid tissue sllc h as mOllse sp lenocy t es o r human 

peripheral blood lllononuclear ce lls (PBJ'.IC ) which include 

var ious types of immune cells Stich as l ymphocy t es. 
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monocytes,polymorphonuclearcellsandsoon.

TLRsarepatternrecognitionreceptorsthatrecognize

structuralcomponentsofrnanybacteria,viruses,andfungi

(5).TLRactivationinducesproductionofpro-and

anti-inflammatoryevents,includingcytokineproduction

andcostirllulatorymoleculeuP-regulation,whicharemedi-

atedinpartbythetranslocationofNF一 κBandsignal

transductionvianlitogen-activatedproteinkinases(6).

TLRsplayimportantrolesinthelinkbetweeninnateand

adaptiveimmunitybythusactivatingantigen-presenting

cells(APCs)(7).Inhuman,aginghasbeenimplicatedin

atherosclerosisandautoimmunediseasesaswellasin

alteredsusceptibilitytoinfections(8).Furthermore,ithas

beenreportedthatTLRfunctionandexpressionwere

generallyimpairedinmacrophageswithaging(9).

However,ithasalsobeenreportedthatLPSandzymosan

stimulationdidnotchangemurineTLR20rTLR4surface

expressionbutnotedadecreaseinproinflamrnatorycyto-

kineproduction(10,ll),Inhumans,severalreportshave

examinedLPS-inducedcytokineproductioninolderadults,

mostlyusingELISA-basedassaysfollowingstimulationof

bulkPBMCorwholebloodandyieldingconflictingresults

(12-15),Forexample,Bruunsgaadetα1.(13)havere-

portedthatTNF一 αandIL-1βproducedbywholeblood

afterstimulationwithLPSweresignificantlylowerin

elderlyhumans,butnodifferencesaredetectedwithregard

toIL-6.Duinetα1.(15)havereportedthatTLRlsurface

expressionwasdecreasedby36%inolderadults,whereas

TLR2surfaceexpressionwasunaffectedbyaging,Thus,

relationshipofagingwithchangesintheinnateimmune

systemisnotfullyunderstood.

Inthisstudy,therefore,wealsotriedtoevaluatethere-

lationshipoffunctionandexpressionofTLR2andTLR4

withaginginInousesplenocytesandhulτlanPBMC,

MaterialsandMethods

1.Reagentsandantibodies

Phycoerythrin(PE)conjugatedanti-mouseTLR2anti.

body(Ab)(clone6C2)anditsisotypecontrol

(PE-conjugatedratIgG2b,κ),PE-conjugatedanti-rnouse

TLR4Ab(cloneVt41)anditsisotypecontrol(PE-

conjugatedmouseIgG1,κ)werepurchasedfromeBioscience

(SanDiego,CA,USA).Anti-humanTLR2Abanditsisotype

control(mouseIgG1,κ)werepurchasedfromIMGENEX

(SanDiego,CA,USA)andFITC-conjugatedanti-mouse

IgGAbfromJacksonImrnunoResearch(WestGrove,PA,

USA).BiotinylatedAnti-humanTLR4Abandbiotinylated

-anti-rnouseIgG2awerefromBDPharmingen(SanDiego
,

CA,USA),Streptoavidin-PEwaspurchasedfromBeckman

Coulter(Brea,CA,USA).TheTLR21igandFSL-lwas

synthesizedaccordingtothernethoddescribedpreviously

(16).HighlypurifiedE.coliLPSwaspurchasedfromSig・

ma(St.Louis,MO,USA).

2.HumanvolunteersandisolationofPBMC

VolunteersinckldefiveundergraduatestudentsinHok・

kaidoUniversityGraduateSchoolofDentalMedicine

(20-30years)andteachingstaffs(50-60years)inthe

sameuniversityforthisstudy.Theyareallhealthymale

adultswithnoself-reportedsymptomsofrecentinfection.

ThisstudywasapprovedbytheHumanInvestigationCom・

mitteeatHokkaidoUniversitvGraduateSchoolofDentalパ
Medicine.Inforlnedconsentwasobtainedfromallvolun-

teers.

Bloodweredrawnintoheparinizedtubesandcentrifuged

onFicoll-Paquegradients(GEHealthcareBioscience,

Tokyo).PBMCwererecovered,washedwithRPMII640

・・mpl・t・mediumand・dj・ ・t・dt・2・106・ell・/ml・fth・

medium.

3.Mice

Female8-week-old(8w)C57BL/6(B6)miceand60w

micewerepurchasedfromJapanClea(Tokyo).Allmice

weremaintainedinspecificpathogen-freeconditionsatour

animalfacilityatHokkaidoUniversity,andallexperiments

werecarriedoutinaccordancewiththeregulationsofthe

HokkaidoUniversityAnimalCareandUseCommittee.A20

month-old(20m)mousewasraisedinouranimalfacility,

4.ProliferationofsplenocytesinresponsetoTLR

Iigands

Splenocytes(1.OxIO6cells)isolatedfrom8wand20m

micewereincubatedfor48hina96-wellflat-bottomed

plate(0.2ml)withvariousamounts(0,0.Ol,0.1,1,10,

100,1000ng/ml)oftheTLR21igandFSL-1,0rE.coliLPS.

CultureswerepulsedwithO.2μCi/wellof[3H]-thy1丁1idine

forthelastl6hofculture.Thecultureswereharvested

withaLaboMashcellharvester,Theradioactivityofthe

cellsdepositedonfilterswasmeasuredinaliquidscintilla-

t10rlCOUnter.

5.Determinationofcytokines

Splenocytes(lxlO6cells)derivedfromIOeachof8w

and60wmicewerestimulatedfor24hwithlOOng/mlof

FSL-lorE.coliLPS,thecultureswerecentrifugedandsu-

pernatantswerecollected.Thecellculturesupernatants
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monory-les. polymorphonuclear cells and so on. 

TLRs are pallern r eeog ni iion receptors t hat recognize 

Structural components of many bacteria. viruses . aod fungi 

~5). TLR act iv atio n induces production of pro- and 

anti-inflammatory e\·ents. in cl uding cytokine production 

and costim111 ato ry molecule ulrreg111atioll. wh ich are medi· 

;) t ed i n nart by thf> t r ansloc(Jrinn of NF- KR aod s ignal 

transduction via mitogen-act iva ted protein kinases (6). 

TLRs play important r oles in the link bet\y een innate and 

adaptive immunity by thus 8cti\'at ing an ti gen-presenting 

cells (APCs) (7) .ln human. agi ng has been implicated in 

atherosclerosis and a uL o i llllllune diseases as \\ 1:11 as ill 

al tered susceptibil ity to infections ~8). Fu rthermore. it has 

be en reponed that TLR function a nd ('xpress ion we r e 

general ly impaired in macrophages wi th aging (9). 

However. it has also been reported that LPS and zymosan 

stimulation did not change murine TLR2 or TLR4 surface 

exp ression bu t noted a decrease in proinfiammatory cyto­

kin e prouuction (l0. 11). In human~. several reports have 

examined LPS-induced cYLOkine production in older ad ults. 

most ly using ELISA -based assays following s ti mulation of 

bulk PHlllC or \\'h ole blood and yielding confl ic ti ng l'esults 

a2- 15). Fo r examp le. Bruunsgaad eI al. (13) have r eo 

ported that TNF-a and IL - l$ p r oduced by who le blood 

after sti mul ation with LPS were signirican tl r lower in 

elderly hum£lns. but no differences are detected with regard 

to 11. -6. Dllin I?t ai. (J~) have reported That T1.Rl surface 

exp ression was decreased by 36% in older adults. whereas 

TLR2 sudace express ion \\ as una rrected by aging:. Thus. 

relationship or aging with changes in thc innate immune 

system is not fully llnderstood. 

In this stud~ . lherefore. \\c also t ried to eval uale the reo 

lationship of fun ct ion and expression of TLRZ and TLR4 

with agi ng in mouse splenocytes and human PB~'](. 

Materials and Methods 

1 _ Reagents and antibod ies 

Phycoerythrin (PE) co njugated anti - mouse TLR2 ant i· 

bud_\ CAb) (cl 011 t' GC2 ) alld iLs isutype cUll Lr ol 

(PE-conjugated rat IgG2b. K). PE-conjugated anti-mouse 

TLR4 Ab (clo ne Vt4l) and it s isotype co n t r ol (PE­

conj ugated mO llse IgGl. K) \\'e re purchased from eBioscience 

~ S:1n Diego. CA. USA). Anti - human TLR2 Ab and its isotype 

control (mo use 19G 1. K) were purchased rro m 1~IGENEX 

~Sa n Diego. CA . USA) and FITC-conjugale d anii-mouse 

IgG Ab from Jackson Im mulloResearc h {Wesl Gr ove. PA. 

USA). Biotiny latf'd ,'\nti- h llma n TLR4 Ah ami hiotiny lat f' d 

-anti-mouse IgG2a were from BD Pharmingen (San Diego. 

CA. USA). Streptoavidi n-PE was purchased from Beckman 

Coulter (Brea. CA . USA). The TLR2ligand FSL-1 was 

sy nthes ized according to the method described previously 

(16) . High ly purified E. coli LPS was purchased from Sig· 

ma (St. Louis. 1\10. USA). 

2 . Human volunteers and isolation of PBMC 

Volunteers include five undergraduate s tu dents in Hok· 

ka ido Unive r s ilY Gradua t e Sc hool o f Dental i\ledicine 

(20-30 years ) and tcaching s t affs (50-60 ycars) in th e 

same uni versity for t his s tudy. They are alI healthy male 

adul ts with 110 self-repo n ed SYluPLOIIlS uf receut i lifec Lion . 

This study was approved by th e Human Inves ti gat ion Com· 

mittee at Hokkaido Un iversity Gradttate School of Dental 

Medicine . Infor med consent was obtained irom all volun· 

tee rs. 

Blood were draw n into heparin ized ltlbes a nd centr ifuged 

on ricol l- Paque gradients (GE IIea l thca r e [3ioscience. 

Tukyo). PBlvlC wcre ret:o\'(; r ed . washeu with RP~11l640 

comp lete medium and adjusted to 2 x 106 cells / ml of th e 

medi um. 

3 . Mice 

Femal e 8-week-old (8\\' ) C5'7BL / 6 (86) mice and 60w 

mice were purchased rrom Japan Clea (Tokyo). All mice 

were ma intained in specific pathogen-free conditions at Oll r 

a nim al facili ty at Hokkaido Uni versiry. <1 nd all expf'riments 

were ca rri ed Out in accord ance with t he regula ti ons of the 

Hokka ido Unil'ersit)' Animal Care anel Use Committee. A :W 
month - old (20m) mousc was raised in Olll' animal faci lity. 

4. Proliferation of splenocytes in response to TLR 

ligands 

Sp lenocy tes ( 1. 0 x 106 cells) isolaled from 8w and 20m 

mice were incubated for 48 h in a 96-well flat-bottomed 

plate (0 _2 ml) with var ious amounts (0 . 0 . 01. 0.1.1.10. 

100.1000 ng/ml) of the TLR2 ligand FSL- L or E. coii LPS. 

Cultures were pu lsed with 0 . 2 ,uCi / well o f [3II] thymidine 

for the last lG 11 uf clll Lllfe. T he cullu r es \I ere harvested 

with a Lubo r-.lash cell harvester. The radioactivity or the 

cells deposited on filters was measul'ed in a liquid sc inlilla· 

tion coun ter. 

5 . Determination of cytokines 

Splenocytes (1 x 106 cells) derived [rom 10 each of 8w 

and 60w mice were st imulated for 24 h with 100 ng/m l of 

FSL- 1 (I]' E. (,lIli LPS. th e Cll1tllr f'~ \\'f']'f' cf'otrifllgpr\ <lOci ~ll' 

pernatants we r e collected. The ce ll culture supernatants 
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wereassayedforIL-6andTNF一 α,byusingELISAkits

purchasedfromR&DSystems(Minneapolis,MN,USA).

Briefly,flat-bottomed96-wellNunc-IInmunoMaxSorp

assayplateswerecoatedovernightwiththeapPropriate

anti-cytokineantibodies,Afterblockingtheplateswith

bovineserumalbumin,theplateswereincubatedfor2h

withtheculturesupernatantsandthenincubatedforlh

witheachofbiotin-conjugatedanti-cytokineantibodies.

Thenhorseradishperoxidase-conjugatedstreptavidinwas

addedanddevelopedwithTMBperoxidasesubstrate.The

opticaldensitiesweremeasuredat405nlnusingamicro.

platereader.

6.FIowcytometry

Splenocytes(1xIO6cells)derivedfromyoungandaged

micewereincubatedonice(106cellsin200μlofPBSwith

l%BSA)withlμgeachofPEconjugatedanti-mouse

TLR20rTLR4Aboritsisotypecontrol.After30min,ali-

quotswerewashedthreetilneswithPBScontaining1%

BSA,resuspendedinthesamesolventandexaminedfor

surfaceexpressionofTLR20rTLR4usingaFACSCalibur

(BDBiosciences,Sunnyvale,CA,USA).Datafor50000

cellsfallingwithinapPropriateforwardandsidelightscat一

tergateswerecollectedfromeachsample,Datawereanaly・

zedusingCellQuestsoftware(BDBiosciences).Theex-

pressionlevelsofTLRsareexpressedastheratiosofmean

fluorescenceintensity(MFI)obtainedbyanti-TLRsAbs

vstheMFIbyisotypecontrols.

7.Statisticalanalysis

StatisticalanalysiswasdonebyStudenゼsTtestand

p〈0.05wasconsideredtoindicatestatisticalsignificance.

Results

1.Effectsofε.oo〃LPSorFSL-10nthegrowthof

mousesplenocytes

Splenocytespreparedfrom8wand20moldB6micewere

stimulatedwithvariousconcentrationsoftheTLR2/6

1igandFSL-lortheTLR41igandE,oo〃LPSandthe

growthofthesplenocyteswasassessedbybeingpulsed

with[3H]-thymidineuptake.ItwasfoundthatbothFSL-1

andLPSstimulatedthegrowthofthecellsfromthe8w

mousemorestronglythanthatfromthe20moldmouseina

dose-dependentmanner(Fig,lA).Wethoughtthattheex-

pressionlevelandfLlnctionofTLR40rTLR2insplenocy-

tesfromtheyoungmousearehigherthanthosefromthe

(A) E.co〃LPS
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Fig.1.ProliferationofmousesplenocytesinresponsetotheTLR41igandE.coZiLPSandtheTLR21igandFSL-landtheexpressionof

TLR2andTLR4,

(A):Splenocytes(1.OxlO6cells)isolatedf1・oM8wand20mB6micewereincubatedfor48hina96-wellflat-bottomedplate(0.2ml)

withvariousalnounts(0,0.01,0,1,1,10,100,IOOOng/m1)oftheTLR21igandFSL-1,0rE.coliLPS.CultureswerepulsedwithO.2

μCi/wellof[3H]-thyl/ユidineforthelastl6hofculture.Resultsareexpressedaslneans±SDofthreedeterminations,Seetextfordetails,

(B):Splenocytes(1.OxlO6cells)isolatedfroln8wand20mB61nicewerestainedwithanti-mouseTLR20ranti-1nouseTLR4andtheir

isotypecontrols,Datafor50000cellsfallingwithinappropriateforwardandsidelightscattergates、verecollectedfromeachsample,

DatawereanalyzedtlsingCel1Questsoftware,TheexpressionlevelsofTLRswrittenintherightuppercomerofthehistogramareex-

pressedastheratiosofMFIobtainedbyanti-TLRsAbsvstheMFIbytheirisotypecontrols.Seetextfordetails,
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I\'e l"e assa ye d fo r IL-6 a nd TNF -a , by using ELIS A k its 

purch ase d fr om R&D Systems (i\linn ea pol is . ~'IN. US A) . 

Br ie fly . fi at- bo tto me d 96- we ll Nu n c - I mm un o M il x Sorp 

ass ay pl a tes wer e coa ted ove rn ig ht with t he ap prop riat e 

an ti -cytoki ne a ntibod ies . Afte r bloc king the plates wi t h 

b ov ine se rum a lbumin. th e p late s we r e incubated for 2 h 

wi t h th e c 11 1tl l 1"P S11 p f' 1"n a ra n tS (l nd rl11' 11 i n (' lIh <l te n for 1 h 

wi t h eac h of bi ol in -conjuga ted a nt i-cy to kin e a ntib o d ies.. 

T hen ho r seradi s h pe r oxid ase-conjugated strept avidin was 

add ed a nd d en:- Joped wi t h T:-'IB pe rox idase s ub s trat e. T he 

o ptic al dens iti es we r e meas ur ed a t 405 11m us ing a micro­

pl ate reade r. 

6. Flow cytometry 

Splenocytes (1 x lOG cells) de ri ve d from you ng and aged 

mice were inc uba ted on ice (J06 ce ll s in 2oo ,u1 of PBS wit h 

1% BS A) wi th 1 {l g eac h of PE co nju ga t ed a n t i- mouse 

TLR2 o r TL R4 Ab or its isoly pe co ntr o1. A fte r 30 min. ali ­

qll o l ~ Wf2r f2 \\' a~ h e u thr ee t ime~ wil h PBS to nt a in i ng 1% 

BSA. r esus pe nded in th e s a me s ol ve n t and e xa m ined for 

s urface e xp ress ion of TLR2 or T LR4 ll s ing a FACS CaJi b ur 

(HD Bi osc ie n ces. Sunny\'a le. CA. US A) . Da ta fo r 50000 

cell s fa lling wi th in app ropr iate fo rwa rd and side li ght scat -
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ter gates were co ll ected from eac h sa mp le. Data we r e a naly · 

ze d ll s in g C e llQues t softw a r e (BO Bio sc ienc es). Th e ex· 

pression levels of TLRs nre expressed ns th e ratios of mean 

flu or esce nc e intens ity (r-.·IFl) obtai ned by an t i- TLR s A bs 

\ '5 t he t-.IFI by isotype controls . 

7 . Statistical analysis 

S ta ti s t ica l a naly s is was d o n e by S tlld e n t"s T tes t a nd 

p <0 _05 \\'as consi dered to indicate s ta tist ical s ignificance. 

Results 

1 . Effects of E. coli LPS or FSL - 1 on the growth o f 

mouse splenocytes 

Sp lenocytes prepa r ed from 81\' ,md 20m old 86 mic e we re 

stimul ated with v a r io us con ce ntratio n s o f t h e TLR.2/ 6 

li ga nd F S L- 1 o r the TlR4 l iga nd E. co li lP S an d t h e 

g r o w t h o f th e s p le noc y tes was assessed b y be ing pul sed 

wi th [3 11 J - t hy mid in e upta ke. It was found th at both r SL- I 

a nd LPS ~t im11 1 a u:d the gro w t h u f t h e cd ls fr u m t h ~ 8w 

mouse more strongly than that from the 20m old mou se in a 

dose - depen dent mann er (Fig. I A). \Y e th ought that th e e x ­

p ression le,' e l and fun ct io n of TLR4 o r TLR2 in s p lenoc y, 

tes fro m t he y o ung mou se are h igh e r t ha n t hose fr om the 

TLR2 TLR4 

Fig.1. Pro li ferat ion of mouse sple noc ytes in response to th e TLR4 liga nd E. coli LPS and the TLR2l igand r SL-I and the express ion of 

TI. R2 <'I nd T1.RI!. 

(AJ : Splenocytes (1 . 0 x 106 cell s) isolated from 8w and 20 m B6 mi ce were incubated fo r 48 h in a 96 - we ll fl at- bottomed plate (0 . 2ml ) 

wi th var ious amou nts (0.0 . 01 . 0.1. 1. 10. 100.1000 ng/ ml ) of the T LR2 ilgand FS L- l, or E. ro l: LPS. Culttlres were pul sed wit h 0.2 

,(Le i/ well of [31l] - thymid ine for the la~t I6h of cultu re. Result:; a re expressed as means ± SD of th ree dete rmin ations. See text [0\' det aib. 

(Rl: SpJe nocytes (1 .0 x 106 cells) isolated from 8w and 20 ill B6 mice were sta ined wit h anti-mouse TLR 2 or an ti- mouse TLR4 and their 

isoty pe tont rols. Data for 50000 cells falling wi thin app ropr iate forward and s id e ligh t scatter gates we re co llected fro m eat h sample. 

Data \\'ere anal yzed us ing Cell(Juest softw are. The express ion levels of TLN. s writ ten in the right upper co rner of the histogram are ex ­

pressed as t he ratios of MFI obtained by ami -TLR s Abs \ '$ the MFJ by the ir isot yp€ controls . See text for details. 
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agedmouse,becauseseverallinesofevidenceareaccumu-

latedthattheexpressionlevelsandfunctionsofTLRsde-

creasewithaging(9).Therefore,thesurfaceexpression

levelsofTLR2andTLR4insplenocytesfrolnthesemice

wereexamined.Thesplenocytesfromtheyoungandaged

miceexpressedbothTLR2andTLR40nthecellsurface,

althoughtheexpressionlevelofTLR2wassignificantly

higherthanthatofTLR4(Fig,IB).Expectedly,theex-

pressionlevelsofbothTLRswerehigherintheyoungmice

thanintheoldmice(Fig.lB).

2.DifferencesintheexpressionandfunctionofTLRs

inbetweenyoungandagedmice

Theresultsdescribedabovewereobtainedfromjusttwo

mice,oneyoungmouseandoneagedmouse.Therefore,we

triedtoinvestigatetherelationshipbetweenexpressionand

functionofTLRsandagingbyusingnLlmbersofyoungand

ageofmice.However,itwasveryhardtoobtain20rnmice.

Thereforeweused9micewiththeageof60wastheaged

miceandthesamenumberofyoung(8w)miceinthefol-

lowingexperiments.Firstofall,weexaminedwhether

therearedifferencesinexpressionlevelofTLR2andTLR4

intheseyoungandagedmice.Expectedly,theexpression

levelofTLR4wassignificantlyhigherintheyoungmice

thanintheagedInice(Fig.2),However,unexpectedly,the

expressionlevelofTLR2wassignificantlylowerinthe

youngmicethanintheagedmice(Fig.2).Nextexperiment

thereforewascarriedouttoexaminewhethertherearedif一
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Fig.2.ExpressionofTLR2andTLR40nthesurfaceofsplenocytesfrolnyoungandagedmice.

Splenocytes(ユ.Ox106cells)isolatedfroln9eachof8wand60wB6micewerestainedwithanti-mouseTLR20ranti-mouseTLR4

andtheirisotypecontrols,Datafor50000cellsfallingwithillfappropriateforwardandsidescattergateswerecollectedfrolneachsam-

ple.DatawithinthegateRIinleftfigureswereanalyzedusingCel1Questsoftware,Seetextfordetails,*:P<O.05
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aged mouse. beca use several l ines of evidence are accum u· 

lated that t he expression levels ::Ind functions of TLRs de­

crease with aging 19). Therefore. the surface expression 

levels of TLR2 and TLR4 in sp lenocytes from these mice 

were examined. The splenocrtes from the young and aged 

mice ex pressed both TLR2 and TLR4 all the cell sur face. 

;) I thnllgh th!" e\[l r ession level of Tl.R2 was s ignifi c::l Tlt ly 

hIgher t han that ofTLR4 \Fig.1B). Expected ly. the ex­

pression le\'els of bo th TLRs were higher in the young mice 

than in the old mice '~ Fig. 18). 

2. Differences in the expression and function of TLAs 

in between young and aged mice 

The resu lts described above were obtained from just two 
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mice. one young mouse a nd one aged mouse. Therefore. we 

tried to investigate the relationship between expression and 

function of TLRs and aging by using nu mbers of young and 

age of mice. However. it was very hard to obtain 20m mice. 

Therefore we used 9 mice with the age of 60 w as the aged 

mice and th e same number of young (8\\") mice in the fol­

lowingexpel·imf'nrs. F irstof a l l. \\"1' f'xamined whp t her 

there are differences in expression level of TLRZ and TLR4 

in these young and aged mice . Expectedly. the expression 

leve l of TLR4 was s ign ifi cnntly higher in the you ng mice 

than in tile aged mice (F ig. 2). However. unexpectedly. the 

E'_\.pre:;sion level of TLRZ was sigllif ican tl y [oller in lh e 

young mice than in the aged mice (Fig. 2).l\ext experiment 

the refo r e was carried Ollt to examine \\"hetllEr there are dif· 
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Fig. 2. Expression of TLR~ and TLR4 on the surface of splenocytes from ~·oung f.nd aged mice. 

Splenocytes 0 . 0 x 106 cel l!;) i!;o lated from 9 each of 8w and 60 \I" 86 mice were sta in ed II ith ami-nlClu!;e TLR2 or anli- mCJlI!;e TLR4 

and thei!" isot~·pe cont rols. Data for 50000 ce ll s falling within f appropna te fo nr ard and side scatter gates \"ere collected from eac h sam­

rll' Dill;' within [hp grltp R I in left fignl"!:Os \\"I~n:o ::lna l yzl'd Il~ing Cf'l1Qlle<:'r !o;o ft\\" )1.rp. SE'f' tl'xt for (Ieta i ls. *: P <0 . OS 
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ferencesinfunctionofTLRsinsplenocytesfrombetween

youngandagedmice,whichareassessedbycytokinepro-

ductionafterstimulationwithFSL-10rE.coliLPS.Asa

result,itwasfoundthattheamountsofTNF一 αandIL-6

producedbysplenocytesfromtheyoungmiceweresignifi-

cantlyhigherthanthosefromtheagedmice(Fig,3).

3.ExpressionlevelsofTLR2andTLR4inhuman

PBMCfromyoungandagedadults

Thefindingsobtainedbymousesplenocytesthattheex-

pressionlevelofTLR4butnotTLR2andtheirfunctionde-

creasedwithagingencouragedustoexamineexpression

levelandfunctionofTLR2andTLR4inhumanPBMC

fromyOungandagedadults,althoughseverallinesofevi-

dencehavebeenreportedontheeffectsofagingonex-

pressionandfunctionofTLRs(12-15),PBMCprepared

fromyounghealthyindividuals(5、 ℃lunteerswithagesof

20to30-yearold)andagedhealthyindividuals(5volun-

teerswithagesof50to60-yearold)wereexaminedfor

surfaceexpressionofTLR2andTLR4.Asaresult,itwas

foundthatexpressionlevelofbothTLR2andTLR4inthe

youngindividualswasslightlybutnotstatisicallysignifi-

cantlyhigherthanthoseintheagedindividuals(Fig.4),

Nextexperimentthereforewascarriedouttoexamine

whethertherearedifferencesinfunctionofTLRsinPBMC

fromyoungandagedvolunteers,whichareassessedby

cytokineproductionafterstimulationwithFSL-lorE.col・i

LPS.VVefoundthatFSL-linducedsignificantlylarger

amountofIL-6inyoungadultswhencomparedwiththe

agedones(Fig.5).Nosignificantdifferencebetweenthem

wasobservedinthecaseofLPSstirnulation(Fig,5).

However,bothFSレlandLPSstimulationinducedsignifi一

cantlylargeramountofTNF一 αinyoungvolunteersthanin

thosefromtheagedones(Fig,5).

Thus,ourresultsalsosupportthepreviousfindingsthat

theexpressionandfunctionofTLR2andTLR4aredefec・

tiveinhumanaging(12-15),

Discussion

Severallinesofevidencehavebeenaccumulatedthat

TLRfunctionisimpairedwithaginginhumanandmouse

(9-15).Nlostofthesestudieshavedescribedtheeffectsof

agingonthefunctionsofaspecificcelltypesuchas

monocytes/macrophages,neutrophilsanddendriticcells.

Therefore,thisstudy、vasdesignedtoinvestigatethe

effectsofadvancedageonfunctionsofmurinesplenocytes

andhumanPBMCthatincludeman}・typesofimmunecells

suchasmonocytes/macrophages,dendriticcells,NKcells,

TandBlymphocytes,becausewethoughtthatdefectsin

theimmunesystemsshouldbeassessedbyoutcomeofthe

interactionofmanytypesofilnmunecellbutnotbyaspe・

cifictypeofcell.

Thisstudydemonstratedthatagedmicehaveimpaired

responsestoTLR2-andTLR4-specificstimulationwithde-

creasedTNF一 αandIL-6production(Fig.3),whichsup・

portsthepreviousfindingsthatfunctionsofTLRsassessed

bythecytokineproductiondecreasedwithaging(9,17).

However,theexpressionlevelofTLR4insplenocytesde-

creasedwithaging,whereasthatofTLR2increasedwith

aging(Fig.2).Thisresultsuggeststhattheexpression

levelofTLR2isnotalwavscorrelatedwiththeTLR2func-

tion,Inaddition,thisiscontradictorytothepreviousfind-

ingbyRenshawetα1.(9)thattheexpressionofTLR2de・

creasedwithaging.Theyusedmacrophagesisolatedfrom
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Fig.3.ProductionofIL-6andTNF一 αbysplenocytesfroln8wand60wB6miceinresponsetoFSL-1andE.60瓦LPS.

Splenocytes(lxユ06cells)derivedf1'onlgeachof8wand60wmicewerestimulatedfor24hwithlOOng/mlofFSL一 ユorE.coZiLPS,

thecultureswerecentrifugedandsupernatantswerecollected,ThecellculturesupernatantswereassayedforIL-6andTNF一 α,byusing

ELISAkits,Seetextfordetails.*:P<0.05,**:P<0。001
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fe rences in fun ct ion of TLRs in splenocY les from between 

young and age d mice. whic h are assessed by cy tok ine pro­

duc t ion afte r st imulat ion with FSL-l or E. co li LPS. As a 

result. it was found that the amo un ts of TNF-a and IL-6 

produced by sp lenocytes from t he youn~ mic e were signi fi ­

cantl y higher than those from the aged mice (Fig, 3). 

3. Expre ss ion level s o f TLA2 and TLR4 in human 

PBMC from young and aged adults 

The findings obta ined by mouse sp lenocytes that the ex ­

pression level of TLR4 but not TLR2 and their functi on de­

creased wilh ag i tl~ encouraged us La exallline expressio ll 

l eve l and fun ct i on o f TLR2 and TLR -J in human PBJ\ [C 

from youn g and aged adu l ts. al though several lines of evi­

denc e have been repor ted on t he effects of aging on ex­

pr ess ion and function of TLRs (12-15). PBMC prepa r ed 

from young hea lthy ind i\'iduals (5 voluntee rs Witll ages of 

20 to 30- yea r old ) and aged hea lthy ind ividua ls (5 vo l un­

tr:~r~ with ag~s of 50 tu 60-year old) werr: exami 1l ed fo r 

su rface exp ression of T LR2 and TLR4. As a res ul t. it was 

found t hat ex pressio n leve l of both TLR2 and TLR4 in the 

young ind ivid ua ls was s lightly but not s tat isically s ignifi ­

canlly higher than those in lhe aged individuals (Fig. 4) . 

Next experi me nt therefo re was car r ied out to examine 

whether there a re differences in function of TLRs in PBMC 

fr om young and age d volu nteers. which a r e assessed by 

('ytokin r production afw r sr.im lll 'ltin T1 with F'SI, - I or r. coli 

LPS. We found tha t FSL-J. induced sign ifican tl y larger 

amount of IL-6 in young adu lt s when compared with the 

aged ones (ri g. 5). No significant differcnce bctween th em 

w as observed in the case of LPS s ti mul ation (Pig. 5). 

Ho\\€ver. both rSL-1 and LPS s timu lation induced sign ifi-
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camly larger amoum of T NF-a in young volunteers than in 

those from the aged ones (F ig. 5). 

Thus. our results also support the previous fi nd ings that 

the express ion and function of TLR2 and TLR-l a l'e defec· 

live in human aging (12-15). 

Discussion 

Seve ra l lines of evidencE' ha\'e bee n accumu lated t hat 

TLR function is im paired with aging in hum an and mouse 

(9- 15). [\lost of these stll cli cs have dcscr ibed the ef fecls of 

aging on the function s o f a specif ic cel l type such as 

monocy te~ / lllac rophages. llcu lrophils and dendrilic cells. 

Therefore. this st uc!y was designed to investigate th e 

effects of advanced age on functions of murine sp lenocytE's 

and human PBMC that incl ude many types of 11l1lTIUne cell s 

s llch as monoeytes/mac rophages. de ndrl1ic ce lls. KK ce lls. 

T 8nd B ly mphocytes . because we thou gh t that defeets in 

the immune sys tems shou ld be assessed by outcome of lhe 

in teractio n of many typ~s of imm une t:dl but not by a spe· 

cific type of ce ll. 

This study demonstrated that aged mice have impai red 

responses to TLR 2- and TLR4- speci fi c stimulati on with de· 

c reased TNF-a and IL -6 procluclion (rig. 3). whieh s up­

ports the pre\'ious findings that func ti ons of TLRs assessed 

by the cytokine production decreased wit h aging (9 . 17) . 

However. t he exp ress ion leve l of TLR4 in s plenocytes de · 

c r eased with aging. whereas th 'lt of TI.R2 in crC(lsed with 

ag ing (Fig. 2). Thi .. res ult suggests th a t t he expression 

level of TLR2 is not always cor related \\'ith the TLR2 fu ne· 

l ion . [n addition. this is contradicto r y to the prev iou s fin d· 

ing by Renshaw el al. (9) tha t the expression of TLR2 de· 

creased with aginR'. They used macrophages isolated from 
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Fig. 3. Production oi IL-6 and TNF-a by splenocytes from 8\\· and 60 II 86 mice in response to FSL-I and E. coli LPS. 
Splenocy tes (1 x 106 celts) derived from 9 each of 811' and 6011' mi ce were stimu lated for 24 h with 100 ng/ ml of FSL-l or E. r()li LPS. 

the cu ltures were centrifuged and :'iUpern8tants were collected. The ce ll cu lture s upern atant:'i wHe assayed ior IL-6 and TNF-a. b~' using 

F. USA kit<; SPE' lext for rl f'tflils. *: P <O . O~. **: P <0 .001 

-52 -



RelationshipbetweenexpressionandfunctionofToll-likereceptor2and4withaginginhulnansandinl/lice 87

TLR2(R1)

巳
9

O富

巳
心

呂
可

弄
り躰
躰

呂
四

昌

o帥a.e鱈

蒔
..証

沖
,

,.(
一㎞

、

FSC十1

黛
R1

4

3

2

1

0

8

6

4

2

0

O

Young

Tl_R4(R1)

O

0

Aged

NS(P=0.120)

O

◎

)
O

Young Aged

Fig.4.ExpressionofTLR2andTLR40nthesurfaceofPBMCfromyoungandagedadults.
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Fig.5.ProductionofIL-6andTNF一 αbyPBMCfromyoungandagedadultsinresponsetoFSL-1andE.coliLPS,

PBMC(1x106cells)derivedf1・om5eachofyoung(20-30years)andagedadults(50-60years)werestimulatedfor24hwith100

ng/mlOfFSL-10rE.COIiLPS,theCUIttlreSWereCentrifUgedandSUpernatantSWereCOIIeCted,TheCellCUItUreStlpematantSWereaSSayed

forIL-6andTNF一 α,byusingELISAkits,Seetextfordetails,*:P<0.05

spleenforexpressionoffunctionofTLRs,whereasweused

totalsplenocytes.Thisdifferencemaycatlsethecontradic-

toryreSult.

InhumanPBMC,agedadultshaveimpairedtoTLR2-

andTLR4-specificstimulationwithdecreasedTNF一 αand

IL-6productionwhencomparedwithyoungadults(Fig.

5),However,therewerenosignificantdifferencesinthe

expressionlevelofTLR2andTLR4,althoughtheexpress・

ionlevelofbothTLRstendedtodecreasewithaging(Fig.

4),Thisresultalsosuggeststhattheexpressionlevelof
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Fi g . 4 . Expression of TLR2 ,md TLR4 on the surface of PBi'dC from you ng and aged adults. 

PBMC 0.0 .... 106 cells) isolated f fro III :J each of )oung and aged male adults Il e r e ~ taill ed \\it h l"lm i- human TLR2 or a nti-human 

TLR4 and their i sot~'pe controls. Data for 50000 ce lls falling with in appropriate forward and side scatter gate \\"ere coll ected from each 

!><lmp ll:. Ddta falli Tl}{ within the }o(ate Rl in left [j~llre 11"t!l"e <lllal) zt!J u~i ng CellQue~ t so ftware. Set! text (or udail:;. NS: Nu sign ific<lllL. 
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Fig . 5 . ProduCt iOn of IL -6 and TNf- a by rm\"lc from young and aged adults in response to fS L-l and E. coli LrS. 
PBMe (l x 106 celis) de ril'ed from 5 each of young (20-30 yea rs) and aged ad ults (50-60 years) II'ere sti mul ated for 24 h with 100 

ngf mi of FSL-l or E. cali LPS, the cultures were centrifuged and su pernatants were collected. The cell culture supernatants \I'ere assayed 

for IL- 6 and TNF-a'. by usi ng ELISA kits. See tex t for deta il s. * : P <0 . 05 

spleen for exp ressio n of function of TLRs, whereas we used 

tolal sple nocytes. This d ifference may ca use the contrad ic· 

tory res ult . 

In human PB~·1C. agecl ac! 11 1ts hnvp impPlirf'cl t o TLR2 -

and TLR4-specific stimu lation with decreased TNF-a and 

IL-6 productio n 'Ihen compared with young adtil ts (Pi g . 

5) . However. there were no sig ni fican t d ifferences in t he 

ex pression level of TLR2 and TLR4. although the express· 

ion If'vel o f hoth TLR 5 tl' nrlNI to rlf'crf'asf' with aging (Fig. 

4 ) . Thi s re s ult also s ugges ts that t he expressio n leve l of 
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TLR2isnotalwayscorrelatedwiththeTLR2function.

Bruunsgaadetal.(13)havereportedthatTNF一 αand

IL-1βproducedbywholebloodafterstimulationwithLPS

weresignificantlysnlallerinelderlyhumans,butnodif・

ferencesaredetectedwithregardtoIL-6,However,this

studydell/onstratedthatproductionofIL-6aswellas

TNF一 αbvPBMCafterstimtllationwithLPSwasslnallerin

agedadults(Fig.5).Itisspeculatedthattlユiscontradictory

resultisattributedtothedifferenceincelltypesused.

Thatis,theyusewholebloodincludingpolymorphonuclear

leukocytesstlchasnetltrophilsexpressingTLRs(3)which

arenotincludedinPBMCthatweused.

Takentogether,ourfindingssuggestthatTLRfunction

decreasedwithaginginhumanandmouse.TLRsareex-

pressedonawiderangeofcellsintheimmunesystem,

especiallyAPCs,suchasmacrophagesanddendriticcells,

andtheTLRactivationinducep1・oductionofproinflamma-

torycytokinesortypelinterferonsviaNF一 κB-orlRF

(interferon-regulatoryfactor)-dependentpathways,In

addition,TLRsareresponsiblefortheexpressionofcosti-

mulatorymoleculessuchasCD80andCD860nthecellsur-

faceofAPCswhichareindispensableforactivationof

nalveTcells(18).Thus,TLRsplayimportantrolesin

bridgingtheinnateimmunityandtheacquiredimmunity.

Therefore,thedefectinTLRfunctionisoneofalterations

intheimmunesystelnthatoccurwithaging,whichin-

creasestheriskofinfectionandmalignancy.
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TLR2 is not always correlated with the TLR2 fU ll ct ion. 

Bruunsgaad e! 01. (13) ha ve r epor t ed tha t TNF- a and 

IL-l,B produced by whole blood after sti mu lation with LPS 

we r e signifi ca ntly smalle r in elderly hum a ns. but no dif­

fe rences are detected with rega rd to IL-6 . Howen .. r. this 

study demonstra t ed th at production of lL-6 as wel l as 

TNF - Q' hy PRl\'!C fl f !!' r stim illation wit.h LPS \nlS small er in 

aged adllits (Fig. 5). It is speculated that this contrad ictory 

result is attributed to the diffet"ence in ce li lyp es used. 

That is. they usc wh ole blood includ ing pol~cmorphol1tlclear 

leu kocytes sLich as neutrophils exp ress in g TLRs (3) which 

are not ilH:luded in PBMC that we used. 

Taken toget her. our fi ndings sugges t that TLR fu nct ion 

decreased with aging in human and mouse . T LR s are ex· 

p ressed on a wid e range o f cells in the immun e system . 

es pec ially APCs. such as macrophages a nd dendritic ceils , 

a nd t he T LR activat ion ind uce production of p roin fla mma· 

to ry cyto kin es 0 1- type I interferons v ia Nr- KD - o r IRF 

~ in tedcro ll-r egul<.tto )·y fac tor) - dependent pathways. In 

addition. TLRs are res ponsibl e for t he expression of costi­

mulatory molecul es suc h as CD80 and CD86 on t he cell sur · 

face of APCs which are in d ispensable for act ivat io n o f 

oal\'e T ce l ls (18). T h us, TLRs play impo rt a n t roles i n 

b ridg in g the innate immuni ty a nd the acq ui red imm un it y. 

T herefo re. the de fect in TLR function is one of alterations 

in th e immune system t hat occ ur with aging. which in· 

n€ases the ri sk of infectio n nnd ma li gnancy. 
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