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anti-ICOS antibody inhibited the recall response oflong-term accepted 

heart following skin grafting 

3. 成果の概要

The authors investigated the effect ofblockade ofthe ICOS pathway on recaII 

response in rat with cardiac aIlograft model. The authors report here that the 

treatment with blockade ofICOS can enhance cardiac allograft survival after 
following secondary donor type skin grafting， and Anti-ICOS antibody inhibited the 
immigration of activated memory T cells for target organ but not the function of 

memory T ceIls. 

4. 研究業績

( 1 ) 学会における発表 鉦

(2) 発表した論文 無
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Background: The inducible ∞-stimulatory molecule (ICOS)， a member of CD28/CTLA4 
family， is expres田don activated T -cells and effector/memory T cells. 

Methods: Hearts from DA侭.Tla)rats were transplanted into Lewis (RTl 1) recipients wi血

in回lvenouslysingle dose of AdCTLA-4Ig at 109 plaque-forming units (Pfu) immediately 

after transplantation.百lerecipients wi白long-termaccepted prim均'cardiacaIlografts (over 

100 days) were received secondary donor吻peskingr酒食ing.Anti-ICOS antI加dywas

i吋田ted(Imglkg intravenously every 0由erday for two weeks) after skin gr油ing.

Immunohistωhemistry， mixed Iymph∞yte reaction (MLR)， and flow cytometry were 
performed. 

Results: AdCτLA・41gtr凶tedr，目ipientsrejected primary accepted cardiac a1lografts 

following secondary donor type skin graft血g.百lerejected cardiac allografts ap戸artobe 

high ICOS positive伽nph∞ytesinfiltration. In vitro secondary MLR showed that anti-ICOS 
antibody could not inhibit recaII T cell proliferation response. 

Conclusions: our findings suggest that白etreatment wi白bl∞kadeof ICOS can enhance 
cardiac allograft survival，泊dica白Igcostimulator molecular ICOS signaling plays an 

im卯巾ntrole泊血.erecaII response of long-term accepted heart following skin gr油ingin

vivo and vitro. Anti-ICOS antibody inhibited the immigrョtionof activated memory T cells 

for target or.伊nbutnot血efunction of memory T cells. 

Keywords Costimu1ator moI目凶ar，memory T lymph∞ytes， r，回a11，CTLA41g 

町TRODUCTION

A novel costimulatory molecule， inducible costimulator (ICOS)， was iden出iedas the出盆dmember

of the CD28 family and only express at very low levels on naive T -cells. ICOS-mediated sigrml is 

thought to contribute mainly to regulation of activated T -cells and to effector T -cells白nctionssimilar 

to CD28 [5]阿.百leauthors previously reported that a也凶凶抑制onof cytotoxic T -lymphocyte 

antigen 4(CTLA4) Ig combined wi血anti-ICOSantibody yielded long-term釦U・specificaIlograft 

survival in a rat h田氏釦dliver transplantation model [3] [4]. When a previous antigen is encountered， 

memory T Iymph∞ytes are rapidly mobilized ωdeliver a r田allre叩onse血atsurpasses a primary 
response to new antigen in speed， magni加deand efficacy [11] [12] [13].官邸e由加cedmemory 

response is often beneficial，加dcall provide protective immunity against r，目urrentpa白ogens;

however， in transplantations the presence of memory immunity is potentially deleterious. Some studies 
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叩ggest白紙thepresence of alloreactive memory T民llsmay impact survival of an allogra食.Recent 

studies have provided evidence that certain newly r，田ognizedcostimulatory pathways could be 

involved in血erecall of memory T cells but have little effect on naive T cells. ICOS costimulatory 

pa出wayscould be a potential approach to inhlbiting the recall of alloreactive memory T cells. 

In present study， the authors investigated the effect ofblockade ofthe ICOS pa血wayonr，邸all

response泊ratwith cardiac allograft mQdel.百leauthors repo此here血atthe tr伺卸lentwi血blockade

of ICOS can enhance cardiac allograft survival after following secondary donor type skin gr酒食ing，and

Anti-ICOS antibody inhlbited血eimmigr凶onof activated memory T cells for匂rgetor伊nbut notthe 

function of memory T cells. 

MATERIALS AND METHODS 

Hearts from DA (RT1a) rats were transplanted into Lewis侭Tl1) recipients with intravenously 

single dose of AdCTLA・4Igat 109 plaque-forming units (pfu)出lffiediatelyafter信組甲l卸 tation.The 

recipients wi也long-termaccepted primary cardiac a1lografts (over 100 days) were re田ivedsecondary 

donor-type skin gr油ing.Anti-ICOS anti加dywasi吋ected(lmglkg intravenously every 0白er白lyfor

two weeks) after skin gr油泊g.Immunohist∞hemis町;mixed lymph∞yte reaction (MLR)， and f10w 
cytometry were pe巾 rmed.

RESULTS 

Prolongation 0/ allofJ1ψsurvival after secondary donor砂lJ1es，胸 grafting
Treatment wi血anti-ICOSanti加dyprolonged cardiac allogr油 survival(median survival time 

[MST] ， > 50 days; n= 15) signific卸 tlyin comparison Witll no・trea回.ent(MST，12 days; n=12; 
p<0.05)σig.l). 

Histological studies 

No・住伺回.entgroup of car必acallogra食at10 days after secondary donor type skin grafting showed 

myocyte necrosis and infiltration of mononuclear in comparison wi白 heartgra:fts tr田町lentwith 

剖ti-ICOSantibodyσig.2). 

DISCUSSION 

Blockade of CD28・CD80interョctionby Cτ工A・4Igprolonged s町vivalofv錨αIlarizedgrafts and 

frequently led to perm佃 ent伊食acceptancein ar由nalmodel including 脳血eyand islet 

aUo回nsplantations.However， in rat h回rttrarlsplantation model，加administrationof CTLA-4Ig alone 

did notindu田 astable tolerance， only 20% heart allograft survival more白血 100days. Costimu1ation 

blockade ofthe CD154/CD40 pa血wayin the presence of donor-sp切ifictransfusion (DSηhas been 

remarkably successful in promo出gpermanent survival of heart and islet allogr油 [9].However，由民

田mes回tegyis wholly i鵬首ectiveif the recipient has been previously primed wi白donor-spec出c

antigen [10].百leotherpa由wayis the interaction of inducible costimulator (ICOS) on血eTcells wi白

B7RP-l on APC [6]. BI∞kade of the ICOS厄7RP-l∞stimulatorypatllway prolongs allogr油 survival
in rodents at a delayed time point after回nsplantation，suggesting伽 tit interferes with血er，田allof

primed T cells [7].百10問自lldingSsuggest血attargeting ICOS costimulatory pathways could be a 

potential approach to inhlbiting血erecall of alloreactive memory T cells. Recent studies have provided 

evidence that certain newly recognized costimulatory pathways could be involved in the recall of 

memory T cells but have little effect 011 naive T cells. 

Treatment with anti-ICOS anti加dyprolonged cardiac allogra宜survivalsignificantly in comparison 

withllO・treatment.Anti-ICOS anti加dybl∞:kedprimary accepted cardiac allograft吋ectionfollow 

skin grafting. F10w cytometry組 alysisresealed伽 t白emajority of infiltrating T cel1s express ICOS in 

peripheral bl∞dand叩leencel1s， which was also confirmed by immunohischemical staining after 
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secondary d.onor type skin gr酒食ing.The findings were consistent with those of a previous study 

showing that ICOS is express strongly .on activated T cells at the site of inf1ammati.on. When skin 

transplants were perf.ormed， mem.ory T lymph∞ytes changed t.o effect.or phase， but血ispr.oliferative 
response was n.ot inhibited by blockade .of the ICOS pa血way.百lefindings suggest白紙ICOSwhich 

regu1ates immune resp.onses independently出 ac.ostimulat.ory m.olecule have n.o functi.on wi由mem.ory

T cells. Treatment with anti-ICOS佃 6加dy.only inhibited naive T cells expanding but n.ot divisi.on. 

Thebl∞kade of anti-ICOS組 tibodyprevents activated T cells associated with ICOS-Ligand.百le
activated T cells could n.ot immigrate血etarget.or伊n.Our results回路:ested白atanti-ICOS釦 U加dy

plays critical roles in白ephase of recall respon関.In othere却eriment，we found曲atanti-ICOS 

antibody is might t.o be function with devel.oping of mem.ory T cells， but could n.ot interfere with 

devel.oped memory T cells functi.on (data n.ot published). 

In summary， our findings回ggest白紙出e紅白血lentwi血 bl.ockadeof ICOS can enhance cardiac 

all.ograft survival， indicating costimulat.or molecular ICOS signaling plays an impo血 ntr.ole in血e

reca1l response of l.ong-term ac∞pted heart foll.owing skin gra食ingin vivo and vitr.o. Anti-ICOS 
antibody inhibited血eimmigration .of activated memory T印 11sf.or target .organ but n.ot the白ncti.on.of 

mem.ory T cells. In transplantati.on， it is very impor飽ntt.o consider recall response .of the mem.ory T 

cells in understanding血巳卵白ogenesis.of graft吋田tionand担 desigrringnew and more e宜ective

immunosuppressi.on strategies. 
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