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要旨 i 
j熱ショックタンパク質(恥p)反応性リンパ球の同種異系(アロ)臓器移植拒絶!

反応時の関与が最近報告されている。しかし、熱ショックタンパク質の発現機i
構及び役割について、特に二種類のT細胞、すなわち αβT細胞、 γδT細胞i
のアロリンパ球に対する反応性についてはまだ不明である。そこで、アロ抗原i
による一方性、二方性マウス混合リンパ球反応における Hspの発現機構及び役i
割について検討を行った。正常またはX線照射後リンパ球においては細胞成長i
因子、抗原、マイトジンなど存在の有無に関わらず、 Hsp60またはHsp70分子i
が細胞表面に発現し、アロ抗原の刺激によりその発現は著しく増強した。 αs:
T細胞はアロ生細胞と共培養時に強く増殖し、また、その増殖性は抗Hsp60抗!

体によって、 31-43%に抑えられた。一方γoT細胞では抗政p60抗体の添加!

によって、完全に増殖が抑えられた。以上の結果から、マウス m司式o系においl
てアロ反応性はHsp60分子とγδT細胞が関連し、 αsT細胞の関与は部分的i
であることを判明した。臓器移植拒絶反応における Hsp60好の関与及び役割!

の機序の解明は臨床において拒絶反応の制御に役に立つと考える。 i 
r--ー『ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー・1
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問TRODUCTION

何回tsh∞kprot出 s(hsps) are pr，ωωby bo白 P戸r依伽叩ω 山 u蜘k町叩。叫t匂μ以ωc岱吋ells川lhsuriderj

: a variety of stress田 suchぉ suddenelevation of temp erature， oxidative radi叫 s，ano丸 i
:al∞ho~he抑制aIs， ischemia， cytokines， infection and inflammation(l・6).Thiscellular: 

!mPOEMspmmdtobemponsiblef叩・o附耶tressedcells throu民間制叫

: denature p rotein(7). B鎚 id白， many 1抑制igationshave shown由討 hspsperform a: 

: function as " molωlar chapero脚"by folding unfolding釦 dtranslocation of: 

!E45誕生当7，8，)虫恒三宮竺包 relate虫色自主主巴竺虫色，~~.P.:~~虫色企12jj



iFぽ example，hsp70 can int町 制 withunfolding polyp句tid白 so鎚 potentiallyto: 

:facilitate a conformational change in the peptid州 HC∞mplex， which is r，削redfor: 

jtmdd州 idか，MHC∞mpl低 to印 刷arsum州 9) 均 r白 sionof MHC is: 

: promoted by the stimulation via h倒 stress(13).加 ti伊 presentationcan be blacked by: 

:antibodi鎚噂msthsp 70(1勾.Th脱 datasu鯵 stthat hsps belongto antigen-presenting: 

jml側関 On恥 otherh叫 hspsalso s蜘旬 be伽叩制igensreco， 伊 凶 byj

: immune sy stem， whichωtrigger autoimmune r，抑制的14)tumor immunity(15)，: 
: and graft rej回 tion(16・24).

t sev叫 investi斜 orshave noted that 伽 鎚ctivelymphocyt倒的 anther smdj 

:proportion of T cells within infiltr仰 g勿mphocyt回 inallograft. Therefore， th匂 i

: p ostulated that graft・凶tratinglymphocyt回 might poss鎚 other specifi均 toi 

jaddω 釦 tigen(16).They found伽.trat allo伊良i仰 h州…spo耐 dmMkedlytoi

: recombinant myc∞ω。ぬba似cteri抑n巾t包alhs叩p6“5釦副dh均s叩p7初O.M釦町ys則tれ加u凶ldi偲 h即a抑.ve悶

i凶d。噂gra泊ftun凶d伽e町r伊伊esast 郎 s， i泊nw袖h帥lC

jトトu戸悶噂ψIla制 a制nd叫dh暗s内 ac削 ym岬附ph仰附t陥岱 叫 ndωu応刷c伺edin rat， (16，18-2伽 ouse(1加 d!

: human sy stem(21・24).However， there are several questions requII吋 tobe clarified.: 

: Firstly ， in several studi白t}町伺.ctivityoflymphocyt白 infi伽 atedin allograft tissu白 toi

j h m  is evailI制 by 山 respon則 ore旬ωc∞。αm帥耐n巾l巾bi加n削 。町rn∞馴。∞nr，郎民悶。omb凶i泊nan釦制t町叩c∞ω。ぬ伽ba似cteri
i戸hs叩ps(1“6ιω，1凶8旦幻，19吟，).This is obviously not so powerful evidence for the interpretation of: 

: involvement of hsp s in allo，伊丘 rejectionb邸釦seno hsps derived from same spices: 

icouldbet田 tedfor the岬 onseto lymphocyt白川間 investi似 ions.Recen均 aj

:group had a promising result thほ Tcells合omre.J釘tedhuman kidn句 allograftresp ond: 

:to human hsp72(23). The conclusion丘omthis repo此 S民 msto imply th拭 hsp72is a: 

itzFtmtiFn which didt lymph何 teresp onse. Do抑 制lytherefore町 eぉ j

: alloantigen or antigen presenting molωles in allogeneic ly mp hocyte reaction?: 

:Moreover， although hsp60・r回 .ctive油釦dγδTcells have been identified in m凶n凶nce(2お5):l 
an仙1

and TCR γ δ 唱x却pr，図郎s討10略g偲ω:llstω。allo-かωs叫t討lmu叫l拭御。町ru叫 s叩p-イr伺臨郎.cti討vepa拭.thwa:符-::I?At 1 笛制t，t出he司i 
hs暗sp戸s勾町r附白s伊 1制 lyin羽出nboth伽 q州ぉmand nucl釦 s，h。仰，wev閃 a町民〉川川，川wo。州1

抑悶附s。∞n白ωcellsurfacω凶eraωs坑tress由副白削1伽 ul拭副仰io。∞nb句yall山0-悶は抑i討Vl江勾削t旬引yρ?In prese鮒n凶ts山tωud匂y，:

jwe “deti自in凶凶n凶出i比ti討vel均l砂y∞nfirmed t恥h恥ee句却悶s討i。∞n。ぱfb悦仙hh均s叩p凶仰6ω0釦叫dh均s叩p7拘omol句則ules笛 on the: 

idls h mum凶剖 lymph∞yter制 ionin vitro. A hsp 60-dep endant伽 -eactive1

トesponsein both cases ofα s T andγ d T cells w凶凶hmudnes附 mMtmi

:MA担問ALS釧 D:rvm加ODs i 
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凶1imds j 

lTm-W伺 k-oldmale inbred B必;B/c但-2d)組 dC5沼 U6(H・2均出回:， 2 months of a民 i

jwere p帥 asedfrom S凶 uぬLab側町AnimalCenter (Sh凶似 Ja阿 AHi

: animals had acωs to watぽ釦dfc∞ds叫 libitumand were housed in制 ordan回 withi

h副知tionalanimal care policies. : 

Antibodies and reagents 

The following mAbs were used:釦 ti・hsp60mAb derived from theは 1hy bridoma: 

(mo附 IgGlisotype) has a UniQl同 ecificityfor mammalian hsp 60 and a叩 hs州
: but does not cross react with the bacterial∞unt句副， or with helminths and spinach.: 

jThem仙 p70mAb 帥 d 企omthe BRM・22Wbddomalodizd both thej 

:constit叫ive(hsp73)釦 dinducible (hsp72) for:ms of hsp70 in immunoblotting Both: 

: anti-hsp mAbs were purchased from Sigma The following mAbs or reagents were: 

purchぉedfrom PHARMINGEN， USA: Bi以o叫Iti加n-c仰-c

TCR ア δ 釦 d叫 TCRα s; 刷 m-∞吋u阿凶 anti-mouseCD玖 Fπc-i

∞吋ugatedhamster anti-mouse TCR s; R-PE-conjugated hamster anti-mouse TCR y : 

δ， FITC-or R-PE-conju伊.tedhamster IgG isotype standard. FITC-conju伊.tedF(め')21

rabbit anti-mouse IgG were from舘 ROTEC.Streptavidin microb伺 dswere purchased: 

;from (Miltenyi Biotec， Bergisch Gladbach， Germany). 

iPr句制ionof TCRα3・釦dTCRγδ・句ressingcells. Splenic tissu既 obtmdl

i仕omBALB/c or C57BU6 miω， wer，陪eg伊障m削ntl勿ypres白郎sedb句yslides and p笛 sedt出hr01砂 ai 

!ド別y戸戸n巾i訂E耶 Ir川ichw部叫州5臼i附 i由削5批蜘吋旬同附n蜘i

i同monon。∞n釦側cl蜘釦 s叩pl陥e伺n。叫句t陥白 s抑e句:pa制ra附a瓜.ted合仇。mF日lC∞coll-:担H均王匂抑yp叩 e口cen削l

i旬p鎚 sωedt耐肘加。∞ugt誹lN均'ylonFiber Column (Wako Pure Chemical Industries) to obtain T cell-: 

ien帥 d仰 ulation.Purification ofα s orγδT cells from伽 eBA泊BνUcs叩pl凶en剖n凶i

i戸Tc岱cellsweredω。neb句ymagr伊1児附eti匂ca制cti討.va剖.tedcell s 。侃r目t匂ぽ.φ似4引ilte.旬en町yl氾Bi以。叫te民c，Ber，頃gischGαladbach，: 
:凶Germa叫n勾1ザy).Cells were resuspended in labeling buffer (pBS， pH7.2， 2mM印TA)，toi

jwhichbiotim恥阿mAbsanti・CD19(1m凶06cells)釦 danti-TCRγδormd-i 

jTCRα s wereaddedぽ lmg{106cells. The cells were incubated for 20凶non lce釦 dl

: washed twice with labeling buffer. The悶 lspendedcells wぽethen incubated with: 

istrmMdh出町'ob帥 (10mlll07cell仰 15min∞i印刷washed.Cells were伽 i

: added in a column， which wぉ p恥 edin magnetic activated cell sorter. We∞llected the: 

: entire eft1uate as a " nonmagrtetic" fractio九 inwhichα s orγo T伺 Usac∞unted: 

lおr>90%， as analyzed by flωrescence staini略 i

ーーーーーーーーーーーーーーーーーーーーーーーー_J



:ProIi加ionぉsay:On問符 r則 ionand two-w可 r制 ionofα s orγδTcelq 
:to allo，伊eicsplenocyt白.Two-way allo・reactivity:p roIiferative r，匂pons句 ofα sor: 
jγδT cel1s合'omsp leens of B細川句 tosplenocyt回企'omC57BU6向 wmi
: determined in a 3♂H凡勺f仁む勺-1♂，τTdRi泊nc∞。r中P。悶削ti。∞na儲ssay.R，儲切P。∞，nd伽ぽc句倒ells(ο1 X 10ゲ4 α S 。ぽrγ i 
i川δT 偲ω11s企。仰mBA泊BU以c凶句付:)wぽ悶eωt伽町'edw叫it由h2X 10ゲ，4i討IπTa“di加拭ed(仰2却OGyμx-:剖x-r寸守叫r

i戸問仰町ornot irradiated附 st加山ors(splenocytes from C57BU6凶付加州lC抵einj
: the wells of 96・'wellV・bottom凶crotiterpl蜘(Nunc， Wiesbaden， Germany) in a: 
lvolumeof02凶. The medium w白 RPMI-1640叫 plementedwith 10%hω.1 
1h的制dFCS， 10 mM HEPES， 2 mM L-glutamine， 100 U/凶 penicillin， and 100μ! 
:gIJ凶streptomycin.The cells were incubated at 37'C in a humidified atmosph町eof5%i
jc02Mr for6郎知内P60 (1:400)川 sp70(1:5州 Mbm addd toi 
iα此町白隠P釘 tiveIy.Controls in叫c

.;Mi凶w羽i也ω。∞u叫t釦刷ti-h切s叩P凶凶6ω0。町rト-h均s叩p7苅0叫.b.At the indicated time， in似 duaI microcl伽 eswere: 
:pulsed with 1μCi 3H-TdR per weIl釦dincubated for叩 other6 hours. Therea白er，i
iωlt町白 wereh町田tedonto gj.鎚sfibers and counted for beta emission using a trace・961
: direct beta counter (Berthold). 

; The one-way mixed lymphocyte reaction in a 3町dRi問中oration路町 四伽1

:performed. 5 X 104 T ceIls (rl郎叫e白sp。∞nd附d白伽e町吟r
;μisol似1加a剖仰io削。∞n企仇。ms叩plen釘en∞I。吻cyt陥岱 合仇。m帥 BA油BνUc，砂∞l加t印ur，剖吋 w叫it出hi討nπrraヨa“di加a拭ted(仰2却OG匂y)戸5X 1附0ゲ4i
!怜s叩pl蜘白悶nc印cell仙ell山l1s(s似t刷刷l加a御o叫O仕仇。mC5沼凶 mice in 96-well， round-bottom 出町opla出 i
:(Nunのおr3 days， whiIe expressions of hsp60 and hsp70 on responder， stimulator and: 
: responder +stimulator ceIls were anaIyzed at day 2如 dday3. 

!日owcytometry 
:For phenotypic ar叫y山， the magnetic isolated ceIls were stained with FI1ひanti-TCR:
抑制R-PE-anti-TCR y d 制 lSp句 r回附ofanaI向cellswemaindwHhj
imti・hsp60 or anti・hsp70resp倒 ivelyfor 15 min on ice. After two washing steps， c伺d仙elI山Hhlhsi
iNwe悦re右引etheni泊nωb凶縫“with FIロπτTC-叩c∞。∞o恥lJ事卵UlμJlμu伊g伊斜a試t“F(伸a油s刈b'め'フ)戸，2r，油油b凶i比tar釦制l此tiト-mouseIgGs伽。町r1臼5凶n。∞nl
!μlC切c句e釦制dwas錨刷伽削i防c句e恥 c仙eIl出Ilswe町町r

: All anaIyses were' measured on a FACScan flow cytometer (Becton Dickioson). 

jst制 icaI釦aIysis

: AnaIy sis of v剖ancew鎚 usedto t白 tthe differenc回 amoogaIl t白 tedgroups io: 
1proliaration a ssay-1  

t_ーーーーーーー一ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー」



r-ーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーーー-，
1阻 SULTS : 

jE却附ionofhsp60釦 dhsp700n叫 turedcells in伽 way凶制l加ymp凶h句叩t如e引r伺制d伽

i拘h吋泊巾t釘r仰 i伽llus刷凶附附s坑t釘r制砥制edin fig以1，a ∞nventional proliferation of murine splenic T cell: 
ICBMB/c)釦 tia1Iogeneic訂凶iぽedsplenocyte (C5沼 U6)wぉ ob吋ouslyobsewedl 
jd凶 ng3 day s of culture in vitro. H仰向 theev田 tin仙 processwe are in吋 dini
:is whethぽ theresponse of T cells to allo伊 1eiCstimulation ∞uld∞rresp ond with hsp : 
1句 ressionon cells. As shown in fig2， both freshly isolated responder但ALB/c)splenid 
jTdlS 釦 ds伽山or(C57BU1何 le町 t白 ∞uld 句 resssば紙h均s叩がp凶仰6ωOm削01釘飢則側u叫此11山le
immihn。町rp。叩pu叫lat副蜘10。∞n(ドく 6%， A and B). R白 pondercells maintained this level of hsp60: 
j句 ressionat師向 andi…sed at州 σ)叫th25%. T恥heh均1S珂s叩併p凶凶6ωO~勾町9駅r附e
戸a“di切atedο0ωGyけ)st首imul加aぽωtωOぽrcells i泊nぽ伺鰯sedwiゆ?φhpro刈。olor噌ngtime ofαω11t旬ure(似atda'匂y2，l
i同4必3%釦制d縫 d州a符がyρ3，62%). In the 卯l ω res of resp onder mi凶 with irradiated stim叫ator: l cd M ere w as ihrn1 cぽreas伺鎚51均n昭卿1喝gp州 ve“吋cellp戸erce伺en吋 i加nt川1けth恥hewl叫泊hol仰 。叩pu叫Il血削帥la加a拭t

!戸49%拭 da'符.y2釦 d 67% at da'符.y3respe釘倒cti討vel均l防y.At same time p oint， the se伺que釦n句 f伽。町rt出he可i 
:leve吋elぬIs。ぱfhsp凶60併+句cellp町悦c叩削ta~伊謁 IS 鎚 f制01州II。仰w附 s:re切s叩ponderw訓it出hs凶t討imul血la加a幻t。町r(侭Rw叫it出hS勾)>: 
!トst刷拭仰伽。町r(ω勾 > re.郎叩s

!同pe的閃e創nta穆伊 in cells 企omthe culture of児 sponderwith stimulator. Th拭 is， %neti 
lincreasing = %R with S -[%R (responder) + %S (stimul抗or)/2].A幻c∞c∞。r凶din略gt恥hhe!
!凶叫印ωl加抗叫仰10。∞nw凶itl川 sDお。rml官mu肉JI巾九Ia，色， w附eD。αl刷恥閥 i耐n悶σ郎悶in喝gperce側n瓜ta郁伊 i加nαd伽i
!ドr白 por凶 e町rw叫it出hs叫ti加m叫a拭t。町rc伺倒ellsw ぽ悦e24.5% 低 da勾y2釦 d23.5% 低 da可y3.It indicates th ほi 
: an increasing hsp 60 句 resslon 凶 sts in cultures of 陥 po∞nd卸e町rwith st伽i訂加mu山Jlat附。町r偲dllhs ， ; 
!トwh恥1碍e…叩

i凶al山Is。仙】ha柳P仰per伺ledin t曲heωeofhsp70句 ressionin same t回 tsystem (fig2 1 to P). Befo吋
!∞lture， both responder T cells and stimulator splenocyt句切ressedhsp 70 molecule 0∞叫n吋i 
!川廿出1時閣向el

lkept this 1加evel拭 da勾y2(侭K，6%均)釦 di泊n町伺錨sed拭 da符.y3(N例)w凶it白h4侶3%.The hs叩p7初0i
i勾悶附s討i。∞n1加n1耐π耐adi凶低制“ s叫t“iml耐。町r川.白吋偲吋l1si加nαぽ.伺郎sedw羽it出hp戸rolω伽lon噸明gin略削gti附r町meωl陪e。ぱfc何Mωcl∞ω州u叫d
iHd符2，50%釦 dat day3， 24%). The hsp70+閃ilpECentapinthecultumofmponderi 
:with ir叫 iatedstimulator cells significantly increased (38% at day2 and 58% at day3).: 
lTheirI町 ercentageswere 10% at州 and29% at州 i

: The alIoreactive proliferative responses of yδT orα s T cell to allogeneic stimulator 1 
:cells in onか.wayor two-way reaction were completely or partially blocked by anti・i
jhsp60mti同 h 吋tro.To directly address山 roleofhsp60md hsp70h dbi 
1 reactivity ofα s T orγo T cells (BABUc)， we performed the experimentぉ!



ih拘凶凶ill仙伽蜘lust凶附s坑t蹴吋edinfi均g.4ωA幻ωs刊n∞附吋。側t制d的 el向Is胸s卿仰州吋吋h恥加e町ere，

l問但 T cells tω。alloa制n凶ti場g伊en瓜 h 。∞n争叩.wa:符~ r'郎制tio民 t白hぽerewa笛5n∞。grl伊。帆hd似d伺 e“di泊nω旬m! 
iい。fγ dT cells plus irradiated allogeneic spleen cells (C5沼 U6)，which was similar with: 

j出ecases of aII∞仰いchas ，灯油， αβT吋 ls，irradiated…ωdi  
:(li吋ng)st加叫atorcells alone. A det田 tableprolif町 ationwぉ foundin the∞ltures of: 
:，灯油 wi由 livingallo~eic cells (two-way rl制 ion)during 3 to 4day s or. 
jh印刷onin吋troσ<0.05，when∞mp制叫thall controls orγ dT句l1s州
: irradiated aIIo~盟eic st凶叫ほor叩l1s)，while this response w錨∞mpletelybl∞kd byi 
:addingmAb anti-hsp60 toωltureσ<0.05，γδT cells + living sti制御rwsus(vs)i 
i γ dT 伺叫:lls+ li由 gs坑ti加mu叫ωl

iσ>0臥ω.β0ω5，ァ δT白日s+ living stiml制 orvsγ d T cells + living stimulator + anti-: 
: hsp 70). Differentially toγ d T田:lls，αsT cells demonstrated irradiated allo・1

llymphocyte-induced proliferation at the top level on day4. We inter，回tinglynoted that: 
:this allo・reactiveresp onse was not influenced by adding both mAbs anti-hsp 60 and anti・1
1hspotoωltures (P>0.05， when∞mp州側egr'叩).However， wh印刷rradi制 i
: stimulator w邸 changedinto living allo~neic cells，釦ti-hsp60 antibody could blocked: 
: the p roliferative allo・reactivityof be抑制吋 TcelIs and allogeneic living spleen cells: 

σ<0.05， bl∞:ked vs not blocked)川帥 Wお thestrongest p rolifera:伽 h的協叫
systemσ<0.05， when compared with other groups exc叩tαβTcells p lus living: 

stimulator with釦 ti・hsp70).Anti-hsp70 antibody did not show any blocking effect on: 
two-waya加 eac伽 be附 nα s T cells an山削d“ωal
shown in fig4， the following proliferative respons白 duringthe period from day3 to: 
day5 were拭 samelevel σ>0.05'， when∞mp訂edwith each oth町):α sT cells plusl 
Fdadstimulaorwithor羽thoutmAb山内p600ran山 p70，α吋sT celI州l
i伊H由 gst 加.ulatorw抑i江thmAb却訓ti岬 6ω0， 釦 d γ δ T 吋 Isplus living stimulator with or: 

: without mAb anti・hsp70.All statisti叫釦alys錨 abovewm  Melyon datafrom thel 

ideteMnaion attimehm day3today4.i  

lE却問sionof hsp60釦 dhsp70 onωlturedα s andγδT cells and stimulator: 

jds in …ay 。…r川川t仰w叩吋勾 m吋n凶耐i耐剥 ly戸卯ym附n
i拘isolatedα 8 釦 d，d T 岱倒cells(⑦B必;D/c"幼cの:)e句甲r悶岱shs叩p6ω0釦 dhs叩p7初0低 s討i凶凶1加訂 level tω。l
i汁Tcells isolated with ny lon wool as shown in fig2 (data not shown). At the top ofl 
idloreactivepro蜘 a伽 inon問符 ortwo-way mixed 1仰 h叩 er制 ionat向 4i
l (fig4)， we analyzed the句 r鎚 sionsof th蹴 twohsps onωltured cells (匂5).Afterl 
:4days of∞ltu町 ，d 'T cells alone had 40% ofhsp60+民l1s(A) and 53% of hsp70+: 
idls(G)開制ively，wh町側 αsT cells alone possessed 26% of hsp60+田 llsρ)j



jmd25%ofhp70+ceHs(乃res附 vely.Amongγδorα sT仙羽th蜘山orj

: (C57BU6) irradiated. splenocyt鎚 (one-wayr制 ion)，there were 60% (B， γo) or: 

j38%侭 αs)of hsp6俳句l1s，as well出帆但， γδ)釦d37%氏 α8)ofj

:hsp70+回:Ilsr抑制ively.On the othぽ hand，there were 48% (C) ofhsp60+田11s組 d1

!43%ωof hsp7俳句l1sin叫加回 withγδT cells p lus not irradiated st加叫ほori

cells， wher錨 therewere 44%のofhsp60+ ce11s and 53%ωof hsp70+ cells inl 

ωt町白w羽it由h αsT伺cellsplus凶1路s附 i訂π“必i制叫蜘mu叫laぽt。ぽr伺cells.We山had包釦ana吋a

cells with γ δ 。ぽrα s T cells plus s叫timu即l乱1U叫山11加a低御制伽tω矧伽。α町rw叫it由h町 w抑i社th凶。∞u叫ti討rπr叫a“di加拭必lon。∞nv均i抱ad伽ual叫i 
∞仰lorstaining by m側 sof anti-TCRαβ-PE or anti-TCRγδ-PE plus anti-hsp60!・1

1hsp70・FπC，the results showed th低 allnon-α s T cells or non-γ6T cdls h the! 

: cultures were 100% positive for hsp60 or hsp70 (data not showed). 

jDIS印 SSION

i仰凶M剖仙刷t出蜘h加。ゆ h切s叩ps山h抑凶叫 i加n叫1tra即a邸叫.cell臥h加句町r郎e白ss討i。山dera st附 t批h恥1碍e~勾町甲駅r閃es凶s討10∞n ぱ

i戸b叫仙hh均s叩P凶仰6ω0釦制dh均s叩p7初om削。01則 les白 。∞ncel1ular surface were observed in present: 

i hm  t i伊tion.W仇efound t出h拭 tl附 wa邸st悦he句 ress討i∞ Oぱfb加ot出hh切s叩p凶凶6ω0釦制dh均s叩p7初0。∞nt批h恥e! 

iド同μcell仙ellsII川 l刊 a符YmtXiは刷xed1仰 h叩 erea蹴伺郎削ct伽ti。αnmv沈i江tro.ln。仰u町r勾 e剖伽d加m悶 e叫叫d山s別 em，叫 伽 e!

i戸hs叩psex却prl白 sed拭 smallprop。此lon泊 respondercel1s (T回l1s)，at large rate in irradiated: 

: stimulator lymphocyt回，釦dat the high回tpercenta伊加 ther回pond町 withirradiatedj 

mimuMordls SomeTdlsωltured with on1y medium ∞uld仰向SShsp60mdi 

: hsp 70 on surf抑.As every immunologist knows， T cells tends to die in vitro if th叫

: would not be further stimulated oy antigens， mitogens， or T cell growth factor， such as: 

juhostmldonMdsinvitm∞山町eぉ astress to T叫 i江tw附。州∞附t

ibe組 y必五ωt旬y:fi伽Oぽru凶stωo un凶1d白er;蹴s坑t釦 dthe phenomenon of hsp expression in this: 

i∞ndition. Furthermore， irradiated lymphocyt白押ressedhigh r側 ofhsp601 

1(si凶 icant1y)and hsp 70 mol悶 l白 ms制 eωltural∞nation-X-rayimdiation mmsl 

: to be a stimulus for hsp ~中間sions ofthe lymphocyt回.The higl附町出削ofboth: 

ihsp60md hsp70hamMin the ωe  of the凶別reof T 間 0蜘 ce11swi叫
idlopneic imdi制 lymphocyt偲 h吋tro.After the sp∞taneous町邸ionsof b叫

: hsp 60 and hsp 70 were excluded， t恥h恥1碍en制eti加n町郎悶i均n略gra削t白 。ぱft出he蹴s臼e~抑中駅卵re附e

!件int帥M凶sωωe. It s仰t甘ωro。∞吋n噸物1頃助d助ys釦uggl餅誌臼tstl白h抵川a釦山naはall。噂伊n附d白csti白伽伽i訂1II

i@勾中郎附s討i。∞n。∞n切cellul耐訂 s釦u正巾a偲.Based on the 釦 alysisめove，we have a 附 O∞ntω。i

i旬p。ωst加ulat旬e由拭hs暗sp戸sm凶igl掛1tb恥ealloa釦nt詑均t

iH泊t批he刷e叫allo-悶dω耐M陥吋t旬y。内m即ph仰州t笛笛 s鈎。meωo∞ne帥1悶ehave al凶 yp resumed it s仰向mj

la伊(16). We then d邸 igneda伽 herexp erimental sy stem in vitro. In the d回 i伊， we!



!hth1adds坑t附 d仙ωtl叫 r儒 均 point臼s鎚asfc帥 ws広:(加 伽 k匂poss仙 di宜民蜘伽伽e町郎悶閃r氏悶悶削e町3詑E

i悶 P。邸偲 。ぱfα β T 釦制dγ δ Tc叫ellstω。h均s叩pmol胤飢叫d郎鎚;(ω2勾.)b加。t白hone-wa:匂y釦d仰。叫.イi 
1Nwa符y 凶沼創~l砂ym帆p悼hα仰亨t町e引r郎制ti伽。∞n凶g酔似h耐tbe all n民尚白町 f伽。ぽrthe evaluation of the role of: 

i hs p M 1吋 i均 ， b 民悶蜘叩3J.釦u附1

i同附σω)川也白耐厄凶ngposs討必iゐblebl∞凶geffe蜘dωs。ぱfan削dι仙.占h切s叩p組副.ti泊b。必die儲s。∞nall。ぽ悶伺制ctive悶 P。∞nseis: 

1凶加P附。侃抗蜘釦制.ttωodωefi宣脳凶凶耐t旬ehs切p-reacti'耐veresp。蹴 int帥hi凶語由iss別y戸阿s坑te飢瓜 A幻s偲叫pecte叫d，ω no削。叫teddby l 
jsommeelsO)，it is diE叫 tto induce a response ofγ d T cells agai附 izdMdi

jalios坦eiclymphocyt白， unlike the situation withα sT田:lls.However， an alloreactive: 

lpro険制onwas found in two-way allo.伊e1Cr側 tionin the mixture ofγδT cells: 

: with living allo炉問 lymphocyt低 M胸。reov叫e町民:r，t出仙M凶spro叫lifc伽e町r凶瓜必i。∞nw笛 ∞m抑pl加ぽ制d均yi 

i怜bl胤。∞cke“db句y釦副ti凶.占hs叩p6ωoantibody a“dded tω。theωωl加加r肉久 w叫he町r伺鎚s釦 1I附伺錨sin略gex却pres鎚s討io∞n吋i 
iM。ぱfh均s叩p6ωomol釘伺ω釧u叫此Jlew笛 d似et陶附釘倒teda:砥tsarr 

j何凶d山。∞ne釦 d γ d Tc印Tcel匂ωc句cellswi 
! :th恥1珂ecells ∞1加tωur，叫'edw訓it由hi耐汀lTl!I“di切a拭ted all。噂E伊~n矧eic s叩pl胤e釦n。何cyt協白， t出he悦rew笛 no。 句ωcellgr.伊g伊。，wth叫

det蜘t陥釘伺凶凶“加川t出hiscl伽

γd T cells with allogeneic spleen cells existed in anti-allかlymphocyte/yd T cells in: 

our 句 erimental sy stem. In st耐 ng∞ntr出t，α s T cells r白叫p。∞ωn凶dedtω。1耐汀a必diぬ伽i泊切a抗御t旬ed叫; 
a此llo~伊炉伊抑凶P開抑附閃ne悶l悶悶eICω叫s叩P向nc印1 C川c白吋ellsat s 仙

c白吋ells，wh凶i臼le“th恥1碍er，問'ewa鎚stωh恥1悶es坑tron。α∞ng.:伊誌剖tcell gr'伊。w附thin t】he碍em凶n叫1首i泣組訓ureofα β T cells with living: 

allo~eic spl偲 n切l1s.Alloantigens are obviously伊odst加ulifor the resp onse ofαs: 
T切l1s.In bl∞kingtest，wefoundthatbothanti-hsp60couldpartially blockedtwo-wayi 

allo・reacti吻 wl 由 31-43% inhibition rate at day3 to da:がy戸50ぱfc“fculα∞ωul加ltu悶 but dωid n削。叫ta鵡E俄b記耐cは川t 什i 
。∞ne-wa'勾.yall 。か-reactiver郎e白sp。∞n鈍 Similarly tω。t蜘h恥ecωaおse。ぱfγ dT 偲吋lls，we als叩。fcお。∞u町r凶 tωh恥e:

町鎚郎則s討101吋 b加。出仙hs切s叩併p6ω仇Oar卸l仙 P戸仰7初oor叫 e“悶ωc白吋ellsin theα伽 esof α sT白川ith∞tj

or with irradiated or not iπadiated allogeneic sp leen伺 lls，which were all positiveおri

hsps. In spite ofhigh附 ofhsp70+cells in two-way問削Cl加久 therewasnotai

bl∞king effi伺 ofanti・hsp70 antibody to be det民 tedin the 切 edmentalsystem-ki

:indi叫 回 thathsp70 seems附 tobe制 edto allo-reactivity or∞ly to participate in: 

landgenpresentation iM削 cellula代 nvironment.

j umw凧 ourr，則tsindiωe削 allor，聞はiveresponse in two-w符 r制 ionofi

:bothγ d T cells to allo~eic sp leen cells could be a∞mplete hsp60・dependant，th拭1

: is， hsp 60 serv回出印刷凶vealloan帰 nm。∞似u町re}叫中釘d伽11加加I町men

i i伊h釦叫ι恥 d必lか肘r制 i耐吋泊均t旬yぱ α β τTcωT cel、旬ωc白倒ells刊ω。∞nlyp阿a訂副副仰t叫吻制t“山ωωi泊凶凶均all均11勿ydω鴎削t川 s叩併p凶6ω0，w州凶eωMH恥Ccl伽l加邸sベI円
i凶釦d叩IIall山。組訓t“i伊伊IS凶ghtbe resp onsible for remaining effi伺 .1ft的hi凶ismecl伽t

!凶∞nfirmedin humans both in吋voand in吋vo，a strategy based on bl∞king hsp60・1
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1B倒的，社 isn制 toclarify the further qu白 tions:what is個 ctrole of hsp60 in allo-: 

lf伺 ctiveresponse? Is it target釦 ti伊 itself， or an組 tigeI1pr田制 molmile?The!

resoh伽 lofth回 equ白 tiomillprMdealrtMwidermforthepztidpaionofhsp in! 

alloreactive response. 
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SU恥1MARY

Heat shock protein. (hsp )-reactive Iymphpcytes and inducible expression of 

hsps have been recently found to be prl白 entin allograft und町goingrejection. 1t 

1S nec出回ryto check the role of hsp泊 allogeneic恥nphocytereaction， to 

anaIysis the d践rencebetween the responses ofαsT ceIls釦 dyoT ceIls to 

allo・stimulator、註1"-hsp-reactivepathway， and to detect hsp expression on cel1 

surface under a s悦 ssfulstimulation. In present山 dy，we definitively 

confumed increasing expre路 ionofbo也 hsp60and hsp70 molecules on murine 

celIs in a one-way or two-way mixed Iymphocyte reaction in vitro. T ceII or x-

ray irradiated 1戸nphocyt白 couIdexpress bo也 hsp60and hsp70 molecules in 

也e. absence of exogenous ceIl grow由 factor，antigen or mitogen. Allogeneic 

stimuIi wouId markedly promote these hsp expressions.αsT ceIls， not. yoT 

cells， re叩ondedto allogeneic irradiated 'Iymphocytes. in vitro.官官 strongest

proIiferation would be eIicited when αsT celIs co-cuItured with aIlogeneic 

living 1戸nphocytesnot irradiated. This proI涯とm討onwぉ partially(31・43%)

blocked by釦 6・hsp60antibody. on the other hand， a detectable proIiferative 

response occurred in the mixture of yoT ceIls with allogeneic Iymphocytes not 

irradiated， which would completely (100%) inhibited by adding an世-hsp60

釦 .tibodyto the c叫加e.our resuIts sugge試也athsp60・de戸nd釦，tallo・re印刷ty

in murfue system in vitro is completely related to yoT cells and partially toαsT 

cells. A s回 tegybased on blocking hsp60・aependantallo・.reacti吋tywould be 

beneficial to也econtrol of aIlgra:ft rej ection in clinic if the mechanism above 

wouId be fur也erconfumed in humans'bo也invitro and in vivo. 

町 TRODUCTlON

Heat shock proteins (hsps) are produced by bo也 prok町 oticand eukaryotic 

I Addr民scoπespondenceto Dr. Xia:かkangLi，Dep釘旬lentofExperiment Surgery & Bioengineering， 

National Children's Medical Research Center， 3・35・31，Taishido， Setagaya-ku， Tokyo 154 Japan 



cel1s under a variety of stresses 'suchぉ釦ddenelevation of tempera同町

oxidative radicals，釦oxia，alcohol， heavy metals， ischemia， cytokines， infection 

and in:flammatio，乱1-6This cel1u1ar reSJ)onse is戸esumedto be responsible for 

protecting stressed cel1s也roughreactiva也19denature protein. 7 Besides， many 

investigations have shown也athsps perform a白nctionぉ“ molec叫訂

chaperones" by fo凶ng，unfolding， and仕組slocationof polypetides
7

ぺwhichis 

closely related to antigen processing and presentation.与13For example， hsp70 

can interact wi也 unfoldingpolypeptides soぉ pote凶 allyto facilitate a 

conformational change in也ep句，tide-MHCcomplex， vihich is required for 

む溜lSitof peptide-MHC complex to cellular surface.
9 Expression of MHC is 

promoted by the stimulation via heat stress.
13 Antigen pre田ntationcan be 

blacked by antibodies against hsp70. 12官lesedata sugge坑也athsps belong to 

antigen-presenting molecules. On the other hand， hsps a1so seem to be the 

阻屯et 釦.tig~ recognized by immune sy~em， which can trigger autoimmune 

respo蹴 f・14tumor imrn凶 tylS，釦dgraft r吋ection.16-24 

Several investigators have noted也atalloreactive lymphocytes are a rather 

small propo出ionof T cells within in五ltrating1戸nphocytesin allograft. 

百lerefor~，也ey postulated出拭 graft-infil回出19lymphoc戸esmight posses 

other叩eci:ficityto additiona1釦:tigen.16τneyfound 也atrat a110graft 

lymph∞ytes respo:pded markedly to recombinant mycobacterial hsp6.5 and 

hsp70. Many studies have recently revealed也atallogra:ft undergoes a stress， in 

which hsps including the families of h甲60and hsp70 are upregulated and hsp-

reactive 1戸nphocytescan induced in rat， 16，18-20 mo凶 el7and human system_21剖

However， there are several questions required to be clari:fied. Firstly， in several 

studies the reactivity of 1戸nphocytesin:filtrated in allograft tissues to hsps is 

evaluated by由.ere叩onseto recombinant or non recombinant mycobacterial 

hSpS.16，18，19 1bis is obviously not so power五11'evidence for the interpretation of 

involvement of hsps in allograft rejection because no hsps derived企om鈍 me

spices could be tested f~r'the regponse to 1戸nphocytesin these inves討gations.

Recently a group had a promising res叫t也抗 Tcells企'Om rej ected human 

kidney allogra食re巧>ondto human hsp72.
23 The conclusion from this report 

seems旬 imply也拭hsp72is a旬rgetantigen which elicit 1戸nphocyteresponse. 

Do hsps really therefore serve出 alloantigenor antigen presenting molecules in 

allogeneic lymphocyte reac討on?Moreover， although hsp60・.reactiveαsand 

yoT cel1s have been identi五edin mice2S and humans
26， what is di宜erence

between the responses of TCR，αs-expressing cells釦 dTCRyo・expressingcells 

to allo・stimulatorin hsp-reactive pathway? At 1おも也ehsps express generally 

IDWl也加 bo白血ecytoplasm and nucleus， however， would hsps express on cell 

surface under a 5位essfulstimulation by allo・reactivity?In present s加dy，we 

defmitively con:firmed the expression of bo也 hsp60and hsp70 molecules on 

the cells in murine mixed lymphocyte reaction加 vitro.A hsp60・dependant

alloreactive response in bo也 cぉesofαsT釦 dyoT cells wぉ foundin mu巾 e
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sy坑，emin vitro. 

MATERIALS AND政IETHODS

Animals 

Ter州 eek-oldmale II伽'edBALB/c但・2ぢandC57BU6 (H・2り凶ce，2 months 

of age， were purchased企omShizuoka， Laboratory Animal Center (Shizuoka， 

Japan). All animals had access to water and foods ad libitum and were housed 

in accord釦，ceWl也insti加，tionalm:託malcare policies. 

Antibodies and reagents 

The following mAbs were used: anti-hsp60 mAb derived企om也eLKl 

hybridoma (mo凶 eIgG 1 isotype) hぉ auniq:ue specificity for mammalian 

hsp60 and a'吋組 hsp60，but does notロossreact wi由 thebacterial counte中art，

orwi也 helmin'也S釦 dspinach. The anti-hsp70 mAb derived企om也eBRM・22

hybridoma localized both the constitutive (hsp73)釦 dinducible (hsp72) forms 

ofhsp70 in immunoblotting. Bo也釦，ti-hspmAbs were purchased企omSigma. 

百lefollowing mAbs or reagen也 werepurchased企omPHARMINGEN， USA: 

Biotin-conjugated 'hamster anti-mouse anti-TCRyo and anti-TCRαs; biotin-

conjugated rat anti-mouse CD19; FITC-conjugated hamster anti-m.o凶 eTCRs; 

R-PE・conjugatedhamster anti-mou田 TCRyo，FITC-or R-PE-conjugated 

hamster IgG iso旬peはand訂 d.FITC-conjugated F(ab'h rabbit anti・mouseIgG 

were企om，SEROTEC.Streptavidin microbeads were purchased企om小liltenyi

Biotec， Bergisch Gladbach， Germany). 

Pn々parationofTCRαβand TCRy8-expressing cells 

Splenic討ssues，obtained企omBALB/c or C57BU6 mice， were gently pressed 

by slides and passed也rougha syringe， in which wぉ filledwi由 sterilized

tampon ， to obtain single-cell suspension.百lemononeuclear splenocytes 

separated企omFicoll-Hypaque centrifugation were then passed through Nylon 

Fiber Column (Wako Pure Chemical Indusなies)to obtain T cell-enriched 

population. Purification ofαs or yo T cells企omthese BABUc splenic T cells 

were done by magnetic activated cell sorter小1iltenyiBiotec， Bergisch 

Gladbach， Germany). Cells w町 eresuspended in labeling bufferσBS， pH7.2， 

2mM EDTA)， to which biotin-conjugated mAbs anti・CD19(1μg/106 cells) and 

anti・TCRyo or組かTCRαswere added拭 1μg/106cells.古田 cellswere 

incubated for 20 min on， ice and washed twice wi也 labelingbu宜er.The 

resuspended cells were then incubated wi也 S国 pta吋dinmicrobeads (10μν10
7 

cells) for 15 min on ice and washed. Cells were then added in a column， which 

wぉ placedin magnetic activated cell sorter. We collected the entire effluateぉ

a" nonmagnetic"企action，in which αs or yo T cells accounted for >90%，ぉ

analyzed by fluorescence staining. 
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Proliferation assay: one-w勾，react臼nand two-way reaction 01αβor y8Tcells 

ωallogeneic伊 lenocytes

Two-way a110・reactivity:proliferative responses of αPぽ yoT cel1s企om

spleens of BALB/c mice to splenocytes from C57BU6 mice were determined 

in a 3H-TdR incorporation assay. Responder cells (1 x 104αs or yo T cells 

企omBABUc mice) were c叫加redwi也 2X 104 irradiated (20 Gy x-ray) or not 

irradiated (Iiving) stim叫ato四 (splenocytes企omC57BU6 mice) in凶.plicatein 

也ewells of9ιwell V-bo枇:ommicrotiter plates (Nunc， Wiesbaden， Germany) 

in a volume of 0.2 ml. The medium wぉ RPMI-1640supplemented wi也

10%heat-inactivated FCS， 10 mM HEPES， 2 mM L-glutamine， 100 U/ml 

pe凶cillin，and 100μ g/ml streptomycin.百lecells were incubated拭 37.Cin 

a humidified a凶 osphereof 5% CO2 in air for 6 days. Anti-hsp 60 (1 :400) or -

hsp70 (1 :5000) mAb w出 addedto c叫~es respectively. Controls included 

respond町 orstimulator alone， and cultures without釦，ti-hsp60or -hsp70 mAb. 

At the indicated time， individua1 microcu1tures were pulsed wi也 1μCi3H-TdR 

per well and incubated for another 6 hours. Thereafter， cultures were harvested 

onto glぉsfibers and counted for beta emission using a trace-96 direct beta 

counter (Berthold). 

古田 one-waymixed 1戸nphocytereaction in a 3H-TdR incorporation笛 say

W出a1sop町formed.5 X 104 T cells (responder)， which were separated by 

nylon wool isolation企'omsplen∞ytes企omBABUc， co・culturedwi也

irradiated (20Gy) 5 x 104 spleen cells (stimulator)企omC57BU6 mice in 96・

well round-bottom microplates (Nunc) for 3 days， while expressions of hsp60 

and hsp70 on responder， stimulator and responder +stimulator cells were 

ana1yzed at day 2 and day3 .. 

Flow cytometJア

For pheno守picanalysis，也emagnetic isolated cel1s were stained wi由 FITC-

釦 6・TCRsand R-PE-anti-TCRyo. For hsp ex.pression of analysis， cells were 

民話nedwi也 anti-hsp60or anti-hsp70 respectively for 15 min on ice. After two 

wぉhingsteps， cells were then incubated with FITC・conjugatedF(ab')2 rabbit 

釦 ti-mouseIgG for 15 min on ice and washed twice.古田 cellswere 

resuspended in PBS wi也 1% paraforma1dehyde. All analyses were measured 

on a FACScan flow cytometer (Becton Dickinson). 

Statistical ana/ysis 

Ana1ysis of variance w邸 usedto test也edifferences among all tested groups in 

proliferationぉsay.
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RESULTS 

Expression of hsp60 and hsp70 on cu]tured ce)]s in one-way mixed 

lymphocyte reac説。nin vitro 

As i1Iustrated in :fig.l， a conventional proliferation ofmurine splenic T cell 

(BALB/c)釦 .tiallogeneic irradiated splenocyte (C57BU6) w;出 obviously

observed during 3 days of culture in吋.tro.However，也eevent in也isprocess 

we are interested in is whether the re叩onseof T cells to allogeneic stim叫ation

co叫dcorre叩ondwi也 hspexpression on cells. As shown in五g.2，bo出企eshly

isolated responder (BALB/c) splenic T cells and stimulator (C57BU6) 

splenocytes could express surface hsp60 molecule in minor population (< 6%， 

A and B). Responder cells maintained this level ofhsp60 expression拭 day2(C) 

andinロeぉedat day3σ)wi也 25%.The hsp60 expr回 sionin irradiated (20Gy) 

stimulator cells increased wi也 prolongingtime of culture (託 day2，43%釦 d剖

day3， 62%). In也ec叫加resof responder mixed wi也irradiatedは泊ulatorcells， 
there wぉ increasingpositive cell percen阻gein the whole population accounted 

for 49% at day2 and 67% at day3 respectively. At s出netirne point， the 

sequence for the levels of hsp60+ cell percen担gesis as follows: responder wi也

stimulator (R wi也 S)> stim叫ator(S) > r勾 onder(R). We used a formula to 

calculate a net increasing percen也gein cells企omthe culture of re叩onderwi也

はImulator.τnatis， %net incr回 sing= %R wi也 S・ [%R(responder) + %S 

(stimulator)/2]. According the calculation wi也 thisformula， we found the net 

increasing percen也gesin cultures of responder wi也 stimulatorcells. were 

24.5% at day2 and 23.5% at day3. It indicates也前 anincreasing hsp60 

expression exists in c叫加resof responder wi也 stimulatorcells， when comp訂 ed

wl出 responderor stimulator cells at same time. Sirnilar manifestation also 

happened in the cぉeof hsp70 expression in回 metest sy坑em(fig.2 1 to P). 

Before culture， bo出 re叩onderT cells釦 d抗出叫atorsplenoc戸esexpressed 

hsp70 molecule on their surface in minor population (8%， 1 and乃.A武er

culture， responder cells almost kept this level at day2侭， 6%) and increased at 

day3 .φ-T)wi也 43%.百lehsp70 expression in irradiated stimulator cells 

increased wi也 prolongingtllne of c叫ture(拭 day2，50% and at day3， 24%). 

百lehsp70+ cell percen也ges.in the cultures of responder wi也 irradiated

stimulator cells si伊i:ficantlyincreased (38% at day2 and 58% at day3).百leir

netpercen也geswere 10%拭 day2and 29% at day3. 

The alloreactive proliferative responses of 1oT orαsT cell to allogeneic 

stimulator cells in one-way or two-way reaction were completely or 

pa吋ia)]yblocked by anti-hsp60 antibody in vitro 

To directly .address the role ofhsp60 and hsp70 in allo・.reactivityofαsT oryoT 

cells (BABUc)， we performed也ee}中e巾nentas illustrated in fig. 4. As noted 

elsewhere， yoT cells were notぉ goodresponderぉ αsTcells to alloantigens. 
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In one-way reaction， there w:ぉ nogrowth detected in cultures of y8T cells plus 

irradiated a110geneic spleen cel1s (C57BUの，whichw鎚 similarwi也也ecぉes

of all controls， suchぉ ySTcells，αsT cells， irradiated or not irradiated (li吋ng)

抗出叫atorcells alone. A detectable prolifc町ationw.ぉ foundin the cultures of 

yST cells w.i也 livingallogeneic cells (two-way reaction) during 3 to 4days of 

incubation in吋troσく0.05，when compared w.i也 al1conなolsor y8T cells plus 

i:iradiated a110geneic stimulator cells)， while也lSresponse w出 completely

blocked by adding mAb anti-hsp60 to culture (P<0.05， yST cells + li吋ng

stimulator ve四国 (vs)yST cells + living stimulator +叩6・hsp60)，and w出 not

affected at a11 by anti-hsp70σ>0.05， yST cells + living stimulator vs yST celIs 

+ living stimulator +訓均70).Di能ren制 lyto yST cells，ゆT celIs 

demons位atedirradiated a110・Iymphocyte-inducedproliferation at血etop level 

on day4. We interestingly noted也at也isallo・reactiveresponse w出 not

influenced by adding bo由mAbsanti-hsp60 and an世-hsp70to cultures σ>0.05， 

when compared these groups). However， when the irradiated stimulator w.ぉ

changed into living allogeneic cells， anti-hsp60 antibody could blocked the 

proliferative allo-reactivity of betweenαsT cells and a110geneic living spleen 

cells σ<0.05， blocked vs not blocked)， which w白血es仕ongestproliferation 

m也istested systemσく0.05，when compared w.ith other groups exceptαsT 

cells plus living stimulator w.i也anti・hsp70).Anti-hsp70 antibody did not show 

any blocking effect on two-way allo回reactionbetween αsT cells and al10geneic 

living spleen ceIls. As clearly shown in fig.4， the follow.ing proliferative 

re叩onsesduring the period企omday3 to day5 were拭 S出nelevel σ>0.05， 

when compared wi也each0也er):αsTcells plus irradiated stimulator w.i也 or

w.ithout mAbs anti-hsp60 or anti-hsp70，αsT cel1s plus living stImulator wi出

mAb anti-hsp60， andγST cells plus living託加ulatorwi由 orw.ithout mAb anti-

hsp70. All statistical analyses above were basely on data 企om也e

determination at time企omday3 to day4. 

Expression of hsp60 and bsp70 on cultured αs and yS T ceJls and 

stimulator cells in one-way or two-way mixed lympbocyte reaction in vitro 

百lebo出合eshlyisolated αs and y8 T cells (BALB/c).express hsp60釦 dhsp70 

at similar level to T cells isolated w.ith nylon wool as shown in fig2 (data not 

shown). At也etop of alloreactive prolifer拭ionin one-way or two-way mixed 

lymphocyte reaction at day4 (fig4)， we anal戸edthe exp~essions of出esetwo 

hsps on cultured cells (fig.5). After 4days of c叫加re，y8 T cells a10ne had 40% 

of hsp60+ cells (A)釦 d53% of hsp70+ cells (G)回 spec託vely，whereas αsT 

cells alone possessed 26% of hsp60+ cells (D) and 25% of hsp70+ cells (.乃

respectively. Among y8 orαsT cells w.i也 stimulator(C57BU6) irradiated 

splenocytes (one-way reaction)， there were 60% (B， yS) or 38% (E，αs) of 

hsp60+ cells， as wellぉ 49%(H， yS) and 37% (K，αs) of ohsp70+ cells 

respectively. On the other hand， there were 48% (C) of hsp60+ cells and 43% 
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σ) of hsp70+ cells泊c叫加reswl也 yoTcells plus not irradiated stimulator ceIls， 
whereas there wぽ e44%のofhsp60+ cells and 53% (L) of hsp70+ cells in 
c叫加reswi也 αsT cells plus not註Ieldiated坑un叫atorcells. We had anaIyzed 
cultured cells with yo orαsT celIs plus stimulator wi也 orwithout irradiation 
via duaI color託ainingby means of釦かTCRαs-PEor組 6・TCRyo-PEplus 
anti-hsp60/・hsp70・FITC，the results showed也ataIl non-αs T cells or non-
yoT cells泊也ec叫旬reswere 100% positive for hsp60 or hsp70 (data not 
showed). 

DISCUSSION 

Al也oughhsps have basicaIly intracellular expression under a stress，由e
expression of both hsp60 and hsp70 molecules on cellular surface were 
observed in present investigation. We found由低 therewぉ也eexpression of 
bo由hsp60and hsp70 on the cells in one-way mixed恥nphocytereaction加

vi，か''0.In our experimentaI system， the民 hspsexpressed at small proportion in 
responder cellsσcells)，低larger拭ein irradiated stimulator恥nphocytes，釦d
at也ehighe坑 percen抱ge恒也eresponder wi也 irradiatedstimulator cells. Some 
T cells cultured with only medium could express hsp60 and hsp70 on surface. 
As every immunologist knows， T cells tends to die加 vit7・''0if也eywould not be 
fur也erstimulated by antigens， mitogens， or T cell growth factor， suchぉ IL・2.
If no stimulation for T ceIls in vitr'O could serveぉ as位essto T ceU， it wouId 
notbe釦 ydi部c叫tyfor us to unders也nd也ephenomenon of hsp expression in 
也iscondition. Fur也ermore，irradiated防mphocytesexpressed high rates of 
hsp60 (si郡市C釦 .tly)釦 dhsp70 molecules in same cultural condition. X-ray 
irradiation seems to be a stimulus for bsp expressions of也e恥nphoc戸es.百le
脳gheは expressionof bo也 bsp60and hsp70 happened in由ecぉeof the 
Inl泣ureof T responder celIs with aIlogeneic irradiated 1戸nphocytesin vit7・''0.
Aft町也espon也neousexpre路ionsofbo也 hsp60釦 dbsp70 were excluded， the 
net increasing rates of these expressions were found in也1SCぉe.1t strongly 
sugge由也at釦aIlogeneicstimulus could凶ggerinducible hsp expression on 
cellular surface. 
Based on the anaIysis above， we have a reぉonto postulate也atbsps might be 
alloantigens or aIloantigen-related molecules to participate in也eallo・reactivity
of lymphocytesぉ someonehave aIready presumed it severaI years ago. 16 We 
then designed a fur血erexperimental system in vit7・'0.In也edesign， we had 
位 essed也e也reekey pOiD'也おおllows:(1) to check possible di宜erent

aIloreactive responses ofαsT組 dyoT cel1s to hsp molecules;ρ)bo也 one-way
and two-way mixed切nphocytereaction might be aIl necess訂yfor the 
evaIuation ofthe role ofhsp in all-reactivity， because the hsps could express 
on both alloreactive 1戸nphocyt回;(3) checking possible blocking e百ectsof 
anti・.hspantibodies on alloreactive response is important to defmite hsp-
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reactive response in也issystem. As expected， and noted by someone else27， it 

is di缶cultto induce a reヰ旧rnseof yoT cells against irradiated allogeneic 

lymphocytes，国詰ike也eS1加ationwi也 αsTcells. However，釦 alloreactive

proliferation wぉ foundin two-way alIogeneic reaction IIl也enu拭ureofyoT 

celIs with living allogeneic lymphocytes. Moreover，也isproliferation wぉ

completely blocked by組討・hsp60antibody added to the culture， whereas佃

increasing expression ofhsp60 molecule w;ぉ detected拭 sametime on the cells 

ofbo由 ySTcel1s cultured alone and yoT cel1s wi也 allogeneicspleen cel1s. 

Al由oughhsp60 expressed血 60%of the celIs cultured wi由 irradiated

allogeneic splenocytes， there w;ぉ nocel1 growth detected in也isculture yet. 

However， a complete hsp-reactive alloreactive response of yoT cel1s wi也

allogeneic spleen celIs 閥抗edin anti-allo・lymphocyt的STcells in our 

experimen也1system. In.位ikingcontrぉLαsTcel1s re甲ondedto irradiated 

allogeneic spleen c711s at s泊ularprolife:cative level to yST cells with 1iving 

allogeneic cel1s， while thぽ ew出血estrongest celI growth in the mixture of 

αsT ceIls wi也 livingallogeneic spleen cells. Alloantigens are obviously good 

stimuli for由eresponse ofαsT ceIls. ln blocking test， we found也atbo出釦ι
hsp60 could partially blocked two-way allo・，reactivitywi也 31-43%inhibition 

rate at day3 to day5 of culture， but did not a宜ectone-way allo-reactive 

respon民.Similarly to也ecぉeof yST cel1s， we also found the expression of 

bo由 hsp60釦 dhsp70 on the cells in也ec叫turesofαsT cel1s without or wi由

irradiated or not irradiated allogeneic spleen cel1s， which were all positive for 

hsps. In spite ofhigh rate ofhsp70+ cel1s in two-way reaction culture， there was 

not a blocking e能 ctofbanιhsp70 antibody to be detected in出eexperimental 

system. lt indicates由説 hsp70記 emsnot to be related to allo・reactivityor only 

to participate in antigen pre記 n包括onin in回 cellularenvironment. 

Taken toge出er，our results mdicate也atalloreactive response in two-way 

reaction ofbo也ySTcells to allogeneic spleen cells could be a complete hsp60-

dependant，也atis， hsp60 servesぉ anexclusive alloantigen in 0町 experimental

system. on the other hand， the allo・reacti吋tyofαsT celIs only partially due to 

hsp60， while MHC clぉs1 and I1 alloantigens might be responsible for 

remaining effect. lf也ismechanism could be confirmed in humans bo出 invivo 

and in vivo， a s仕拭egybased on blocking hsp60・dependantallo・reactivitymight 

be beneficialω 也econtrol of allgraft rejection in clinic. Besides， it is need to 

clari守也e白rther'questIons: what is exact role of hsp60 in allo-reactive 

r白 ponse?Is it target antigen itself， or an antigen present molecule?百le

resolution of these question will provide further 'evidence for the participation 

of hsp IIl alloreactive re叩onse.
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Legends: 

Fi伊 re1.百lepr'Oliferative response 'Of BABUc splenic T cells (R)企eshly

is'Olated by nyl'On w'Ool c'Olumn ぬ all'Ogeneic(C57BU6) irradiatedρOGy) 

splen'Ocytes (S) in vi仕o.The da也 represent也emean value 'Of tripIicate wells 
土SD企'Om7c出 es'Ofmice 

Fi伊 re2.百leexpressions 'Of hsp60 and hsp70 'On celIs in 'One-way mixed 

l戸nph'Ocyte問 acti'Onin vifl・'0.The cuIture pr'Ot'Oc'Ol wasぉ sameas 'One in fig.l. 

Cells were stained wi也mAbs組 .ti-hsp60(A t'O町釦danti-hsp70 (1 t'O P) 

f'OIl'Owed stained wi由 FITC-c'OnjugatedF(ab')2 rabbit anti-mouse IgG.百le

curves wl出 s'Olidareぉ areFITC・c'OnjugatedF(ab'h rabbit anti-m'Ouse IgG 

staining al'Oneぉ iso守pec'On位。1，while 'Ones wi也 emptyare出訂e釦 ti-hsp60・

'Or -hsp70・FITC.Samples: A釦 d1: BABν'c splenic T ceIls :freshly is'Olated by 
nyl'On w'Ool c'Olumn before culture; B釦 dJ: splen'Ocytes企om企eshC57BU6 

m'Ouse bef'Ore culture; after 48 h'Ours (C t'O E and K to M) 'Or 72 hours σt'O H 

and N t'O P) 'Of c叫turein vitr'O，出ef'Oll'Owing cells were s阻ined:resp'Onder cells 

(BABUc splenic T cells， C， F， K and N)， stimulat'Or. celIs (irradiated C57BU6 

splen'Ocytes， D， G， L and 0)釦 dresponder + stimulat'Or cells (E， H， M and P). 

Figure 3. Immun'Oflu'Orescence analysis 'Of murineαsT釦 dyoT cells is'Olated 

by magnetic activated ceIl s'Ort侃Thes'Orted ceIls were stained wi由釦6・

TCRαs-FITC and an世・TCRyo・PE. FLl・H: TCRαs-FITC. FL2-H: 

TCRyo-PE. 

Figure 4.百 leaIl'Oreactive pr'Oliferative resp'Onses 'OfαsT 'Or yoT cells t'O 

all'Ogeneic stimulat'Or celIs in 'One-way 'Or tw'O-way reacti'On.αsT 'Or yoT celI 

(BABUc) were c'O-cultured wi出 stimulat'OraIl'Ogeneic spleen ceIls (C57BU6) 

wl也 (two-way)'Or wi也out('One-way) x-ray討adiati'On(20Gy) f'Or 6 days. The 

mixed lymph'Ocyte cultured cells were added 'Or n'Ot by mAb anti-hsp60 (1 :400， 

ahsp60加 legend)'Or ariti-hsp70 (1 :5000， ah叩70in Iegend) respectively. Li吋ng

抗出ulat'Orin legend means也eC57BU6 splen'Ocytes with'Out irradiati'On. Data 

were expressed出 meancpm 'Of凶plicatec叫旬間企'Om 也氏esep訂 ate

experimen臼.SD were <10% 'Of mean values. 

Figure 5.百 leexpressi'Ons 'Of hsp60釦 dhsp70 'On ceIls in 'One-way 'Or tw'O-way 

mixed 1戸nph'Ocytereacti'On in吋.tr'O.百leculture pr'Ot'Ocol w邸お S出neぉ'Onem

fig.4 and s也lDmgwぉ perf'Ormedat day4 'Of culture. Cells were stained wi出-

mAbs anti-hsp60 (A t'O F) and組 6・hsp70(G t'O L) f'OIl'Owed stained with FITC-

c'Onjugated F(ab')2 iabbit anti-m'Ouse IgG.百四 curveswl也 s'Olid訂 eas訂e

FITC-c'Onjugated F(ab')2 rabbit anti-m'Ouse IgG staining aI'One出 is'Otype

c'Ontr'Ol， while 'Ones with empty areas are釦.ti-hsp60・'Or-hsp70・FITC.Samples: 

11 



A and G: yoT cells (BABUc) alone; B and H: y8T cel1s (BABUc) wi也

C57Bν6 splenic irradiated (20Gy) cells; C and 1: y8T cel1s (BABL/c) wi出

C57Bν6 splenic cells; D組 dJ:αsTcells (BABUc) alone; E and K:αsT cel1s 

(BABUc) wi也 C57BU6splenic irradiated (20Gy) cells; F and L:αsT cells 

(BABL/c)wi也 C57BU6splenic cells. 
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Abbreviation: 

hsp(s)， heat shock protein(s); TCR， T cell receptor; mAb， monoclonal antibody; 
FITC， f1uorescein iso也iocyanate; R-PE， R-phycoery也丘町 Sav・PE，
Strepta吋din-phycoery由nn.
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