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@D/ LU A FERERAAIR (GWAS) [CKD 1 BERRDEGRFHIHZ <HKREIN,

REEOBEEBHSHICEDDDHD.

@1 MERRORIEICIK, BSRINE T g EHIEE T HIRONSYINEETH D, HiEk
T HilaDER - HRR(EICKDRIE - EITFHHHFSNDDHD.
@FICHEINICH ZnT8 MFIE, 1 BMERRDZHIY—H—ELTHRATHD, % 4 ORE

BEBCHALMUEDITSNTWVS.

HAFA 1 BIFERE O

1 BBERIRIRES PNy A B B HIL IR
FIBEIC L D A VA ) VOB ARZE L
RAETAHRART, BORENE (1A &) 145
% (1B #l) s s, 1A BIERKEE, &
BRSSO RERT L 74 VR
el COBIERTF L OMEERAOD &, Bk
OpMEBEHREICKIET S T My —7
V=¥ —t%oT, pHilRBE~NE L LE
AHONTWD, @1 IIRT LI, 14 FkRiGD
ARICBITS | BIERBOEMFERIT 10 HA
b7z #23 AT, FBEH 450 ADPEEL TW
LEIEICR D, HHITARBE, BATRELE
B2 L, BHRATEEY  ait=1
14~15 L &ZHEIZE . AERAICBITS 1 Bl
RIRDUFRFRIT 2 B THY, BROOE—2
Hamd-h, 2FBOY -7 IZBEHIZAS
ha., Zhii, BAOGFRERH (BEHE 40

Bdhl-h) LdELZoTWA, BRI, B
ER, SR, BIRETEOLLCLED 300
WEDBHFEL, NEHRETCIIERROEE)
#90%L% <, BERIIINTHE. —F, K
ALDBEIZEAET % 1 BIBERB TlE, GAD #ifk
%1k NIDDM b &9 7B R EIT R OE 4553 4
D2EEDTVEY,

1 BIYERR % DEIGEF

B 212 1 BIBEIRTORIE A B = X b KA
WWRLTWA, Bl bdkh - BEGH T 4
fa (effector T HHRZ : TE) 1, BEAEY >/ il
BWTHHRMIRE 2 EOFUEIRRME S S HEH
FR R ORR &2 ZIEEL S h 2 &g Ed
T #If (T ~ovo3— 1 Hif2 © Th1) ~EZLL, B
BRIBENEL D, O THEBAR~NLRET S
ZETRMREMIELIGD . £ 0BT+ I
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g | 1 BUBRFEOME

gL

FER  ~2.3 A/10 AAN/E (0~14 years)

HE M:F=1:14~15

RIEER—\RRAE, WARAE
RER—BIE, 2, &R
RERER—HOREE (AR, %M (B&Y)

: RisE |
IR fost INRRIE

E1. BEA 1 BUERBEOH
(@R 1) £KDO51H)

CLEC16A
HLA CLASS IT
4

CTLA-4 . «d

PRKCQ
SUMO4

® 2. 1A RERFROEBRFEEEGT

5 &5 2 MBaLHEME T #ils (FoxP3 [
14 regulatory T M4 . TR FoxP3*) T, EAT
i, BTSMH T MRATEE L C b HlEME T M
HaOBEEED S B -0 HORIBREDREI R
LNTWA, 1A BIBERKBOR b 8 2&EEE T
it HLA 7 7 A1 (DR, DQ) Td&h, kM
1) VSR S BT A HRRRICES L Tw5.
& 4R Tt HLA-DR4 & -DR9 255\ 8B % /R
FOIzx L, BIEER T DR4 DADRIEICES
L, WEWC X W B oB5%2RT. £/, &

A Ii2-1L21 R

BlE st
6%) (27%)

R SE6E

L --HLACLASS IT

<=~ INSULIN
/ILZRA

TG s
THiRE

-~

THERE

BIKPIM HLA OBS5- bR TRE 2o TWa,
X512, 1 BEERBOFRIEICIE HLA LS DOE(E
F (non-HLA &ZF) DLETHY, B2 IR
4+ X )12, INS, CTLA4, PTPN22, IL2RA, SUMO4
MR BY A BTG T #la0&ER,

sl T MiBL s, BORCH T Ml %
FICBELTWA I EARENTVA, ®ET
ey ABERITITZE (GWAS) 24
PTPN2, CLECI6A, PRKCQ, IL2-IL21 7 EH%T
hBERTFL LTRESRTEY, WK
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|

®1. 1 BRRFRORBICKIRBRZINRIGFORDDHOEE

(IL2RA RIGFZRIDIEE)
rs706778* rs3118470**
OR  95%Cl p OR  95%Cl p
=M 154 1.21-1.96 00004 150 1.16-1.94 0.0019

B 1.03 0.73-1.44 NS
BIFE 1.05 0.43-2.57 NS

0.79 0.54-1.17 NS
0.86 0.31-2.30 NS

*AA vs. AG+GG, **GG vs. AG+HAA

(Xt 2) KO3

®/2. HlEN T HEREFEY - SR IFR

@1 T #ifa44X (Thymoglobulin)

(Minamimura K, et al : J Immunol 176 ; 4125-4132, 2006.)

@#¥1 CD3 Hitk

(Belghith M, et al : Nat Med 9 : 1202-1208, 2003.]

(37, CD45RO/RB Hitk

(Gregori S, et al : J Exp Med 201 ; 1293-1305, 2005.)

@SIRAV

(Battaglia M, et al : Blood 105 ; 4743-4748, 2005.)
OFEHREYZ D3, TV Y
(Vieira PL, et al : J Immunol 172 ; 5986-5993, 2004.)

(52t 4) KD5IA)

5 non-HLA BEZFDEEDEVHIEHI AT
5. Tz 21X, IL2RA BIZFERIOGEE, &%
BITIRERZHEETF L LTEHVY TV S,
BIEETRHRRERCEIREICEEL RS W
IHThs (F1)?.

1 RIFERIRICEIT D T Hlasi
(&)

1A RIERFOFED R — NV~ — 2 ThHHE
#¢ (insulitis) DOHFFEIE, BHAREBYWE TNV T
H5NOD ¥7 A IZBWTEIfFTbhTEY,
FOMRZICH LI-BETFHEOREL R SR
TWa. 4, 1A BBERFBZ I LD ET 154
D HORERBORERICB W CHIEY T Mo

BREANEH S TEH, NOD w7 A 2BV THI
1% T #1885 (CD4TCD25™T #ifa) # £+ 5 &,
BRBORENET LI ENMOATVEY,
T/, 1 B AR E R OB T Mo
BEEDMET LT 3% (lazy regulatory T cell) =
EHFERASRTE Y, BRRIGHE T Mbso#sk
EHIEHME T MRAOER - BHEILA, 1A Bl
RIRDFAE - ERTFHICERATH D Z EHES
WKHENTE S, R2ITRT LI, Hl#EE T4
fa% il - B XS A 0L OO HENER &
N, L CD3 HifhRe I/ A4 v o EHlEE T
MO RLHEEZEOL LT 1 HERFBOR
fE - ERET FHTARANRF SN TWS (R
3).
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90

1 BUFERRAS D RE

& 3. 1 RERRBEORIEME T I8 "BEHE" CBNadh?

OfEE A, 1 BERBEED CDATCD25™ T NS GAD - IGRP ISREIHEMY T MR EFAE TS EICHID
@S )\NA VUHBBBER{T oo 1 BIERFEREOHIENMN T M x0E S B C & &R (in vivo)

Q1 CD3/#1 CD28 HUF+IL2 ([CKRDFHRIIE 1 BUBERRBEDOHIEM T MizEgEI T &(CAE) (ex vivo)

(Long SA, et al : Eur J immunol 39 ; 612-620, 2009.)
(Monti P, et al : Diabetes 57 ; 2341-2347, 2008.)

(Putnam AL, et al : Diabetes 58 : 652-662, 2009.)

EBREEECHhE HEHR
R R(ICA) —1974
Hi64kDafitk —1982
AR BEERE(IAA) —11983
1987(— ARYY
JLGADHE, $137/40kDatid —1990— 38kDaf AU MEHIRER
ROV FXIOARTFEF—EHEE —1991— B avrEBA(HSP)6S
1992— GAD. 9L 7IL TS (ABBOS)
piICAeSHitk — 1993
ICA512/IA-24tk —{1994
Hiphogrin/IA-2pHifk —{1996— ICA69. Imogen38
1998 — 1A-2
2001— Phogrin/IA-2p
2006}— G6P IGRP
HZnT8Hilk —{2007 asoRlAEE(IGRP)
2008— 2ZnT8

3. 1 BERARICB I SECHRLBCHEORER

(%)

60/
50
55 40
g' 30
20
10
° SR <18 1~5% 6~10F >10%
BEHAM
® 4. 1 BUERIROTERIAMBUICH I ZnT8 HilddD
R

REREECHFOH ISR

BERMEE THMAE, 1| ZERAFICBIT2H

CRIBOME ZIHT HHE—DHETHY, 1974
FICHIEBMREYAR (cA) FPER I TL
k, B3IIRT L) 2BEROBCHBEVHER S
hiz. Zo)b4 A YHEHE (1AA), T
GAD ¥k, #IA-2 PURDERRE AE» %
COMEEC LIRS K, Thbid 1 BIEER
RORETFH - BWICBWCTEERY—h—&
LCEHRRBSTHEAIRTWS, &E, 10
FE5DIH LV EBREEE YA & L TH ZnT8
WaARPFER SN, BRAMIBT HREIFRE S
nNTwa, bhbholE T, SHRORE
BRIC BT B B MERIEH 60% T, BIRETRICIX
¥ 20%THol:. T, BAIRT LI ICER
HIEE & D ICHERIBEITETL, BRI
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10 ELL E DFEBI TOGHRIZH 8% TH o /2. Japanese population. J Clin Endocrinol Metab 94 ;
947-952 201())9
- i‘_:;\ - L. Lo . 1) .
7z, BEBHNH T2 GAD U, M 3) Ryughima K, Abira N, Nagayama Y, et al © Com-
-2 B A L A = 7% bined insulin B [ 9-23 self-peptide and polyi-
IA-2 fLfE, TAA EHAEDETIRIET L L, 5 nosinic-polycytidylic acid accelerate insulitis but
] y e - oy inhibit development of diabetes by increasing the
AERFDFEFID 90%LLETZ D 4 DO HTHE proportion of CD4+Foxp3+regulatory T cells in the
DTN HREM & 7 1A B FEDOS R islets in non—obese diabetic mice. Biochem Biophys
TOAHEL Y, 1A BIRIEOZU Res Commun 367 ; 719724, 2008.
WELIIEE o7, D& ) IZHL ZaT8 PRI, 4) Brusko TM, Putnam AL, Bluestone JA ; Human
- . . regulatory T cells : role in autoimmune disease and
HRAIBWTHE 4 OBEBHERCHAL L therapeutic opportunities. Immunol Rev 223 ; 371-
390, 2008.

T, | BIBERFOZHICER TH A Z EHHS
Moz, 72, GAD P NIDDM BE
DEITFRNC BT AZENIOWTORETD &2 &

hoodh 2. Points
&1 TURERR P TIIHIEE T M O EEETIC
ik Lo THiRBENE T ez IRl TE
&N, ETHOMR pHIRIRIZ O % b5 5,
1) Kawasaki E, Matsuura N, Eguchi K : Type 1 diabe- QU7 ZnT8 Fifk & W) REEHCHIE

tes in Japan. Diabetologia 49 ; 828-836, 2006. ‘ "
2) Kawasaki E, Awata T, Ikegami H, et al ; Japanese DR, 1| BRERISOBHIBE & M L

Study Group on Type 1 Diabetes Genetics . Genetic 7=

association between the interleukin-2 receptor— « o

gene and mode of onset of type 1 diabetes in the
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R E1E] | 2ERROTAT —1 BERFEORE LR —

1 BB IR LS DF S 5
H AL

JIIGE 5 —

BMRFRib EiEGRA PIBEE B8R

-

BCGAERIE, BCREESIRIRLECAFECERITIRR, LABNERICKIVRBRENGS
WZRSBIERBRNRBBIEHBRENTHRET ER TH 5 (a=m). 1 ENEREIR, BROS VS IV R
& (BS) %SNS T58CRHM THIRICLIWEORBR, VR VDNEE% B RSRHRNG
EOREERTHY, BRFNICIEBENDY VNSRS (insulitis, a=pm) D'RENTHS. 18ERR%ES
HECREEROBRBIEOVEIETACRBENTLBZEREOAROLY, B—RENRLZIEBCREEBOER
MhHRSNIY, B—EACEROSCHREEENMERLICVTIRSENHI&F, BCRBEROKEIIC
HBTEIANZXLDBET R EEZTRLTOLS. 1BBRRORECHT28CRBOBEEERRT S
B& LT, insulitisOFFRHAHBND T ELSNCE, BEMBEPICREEESCHTFVPELORBICNT S8
SCHENHIRT 3L, H30EBCRAMPIRIZEE (autoimmune thyroid disease ; AITD) 8 &€ DD
BERBEROSHIUELIERBNB I ERENBIFEND. ABETR, 1BBREE CNCEHTZES
BEERICOVT, YOSHEEYREICH T ZHBRGEEPOICHRT B.

dystrophy ; APECED) /MBI RIE T 5 ¥ Yk
EUBEOINLRERT, REEZEFNBTICIYE
21 YetafRICHEAE T 5 AIRE (autoimmune regulator) #&

ZIRM A S REER (APS)

------------------------------------------------------------

AddisonH R 1 BERFE LR LOBCHRIBKRBRART
&, —BRAIDNCIEL 30 ~ 500 HETEDOMDH
DRERBRZAHTIOLAMORTEBY, C0X)
WCIADBEIC 2 Lo B RERBFEHT 2 Wi
&, £tk A S %EE R (autoimmune polyendocrine
syndrome ; APS) &I CTwb. APSIE, Addison
HWEhLE LTAHTAHOCRERBOMEBIZLD
APS1 & APS2d 20l 3T wid, mEATIE
Addison U4 0 HERER B THMR S h 5 APSS3,
APS4bEWEI TV (Exm >, 209 HAPS1 (3

4 autoimmune polyendocrine candidiasis-ectodermal

98 @ H ISR 2009/11 Vol.1 No.6

BFORRERVPZOREHEATHLIEFHLIE o
72P. APS1BE BT 2 1RERKEOAMHER, AR
T4 %RETHLE, RATIZIZ%LEBHETH S,
$7/2, APS-1OHTCHAKRE LTHA ¥ —7 =0 Ytk
BHEERTVSY,

— 7, APS-2iZ Addison ¥% {C AITD ¥ 7z 1& 1 BUBE IR
mE AW TLERRT, FREAENHEERE LS.
APS2 DL B RO HLAHBR L FHICHBL
TH Y, FKXTiZHLA-DR3 (DQA1*0501-DQB1*0201)
EHBZRTA, HLAUAOBBOREZETHIHEE L
TWwaEEZLRLTWS, 72, 1EBRHIC Addison
WEEHLIEMIDRBIMEE T A0 L,
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12 BRI Nt o AR R R S

BB % (insulitis) OHH{E
NOD ¥ 7 A8 HE s

DRB1°0401 2> DRB1*0402 % & 3 % 3 A& 12 1, Addison
RIZHF R 2 Pi21-hydroxylase ik 2 B4 ¢ H Addison
WABRIE LI W PO TRBY, MERBOEHIC
{2 HLA-DRB1% 7 % 4 7HM {5 LTWa 2 LAUR
WENTWE®, APS13 APS2d FhRERETH D
A%, AITDIZ Addison ¥, JFFEVER] B RIRAEAR{K T AE LA
SNOHCRERB L EMHT 5 APS3ITHEMN & { KB
L, AITDAB1BBRBED DY 4 TOAPSICET 5.

18RRARICEHT SECREER

-------------------------------------- Sessserssessssesssanes

IMBRBICZEOMOBCHERB LG0T 5 HE
X, Gray S OB ECIRIUHERBF2H0oH10 % Th

m|¢ > B

” FI1IEBSABAAASCMEL L | &
g%ﬁﬁﬁgyyﬁ%aﬁﬁggésﬁ%g**ag
a@%b‘ﬁﬁvm%ﬁﬁaﬁﬁﬁﬁl,u& £k
mlphonE EREEOEEX o mER T}
AR SAR LG NFEBL LA U|D
g% K ﬁﬁﬁﬁﬁﬁﬁ‘/a‘-ﬁﬁra
AUE B TTREER RS
4 B REZ # OB LiZ
& # o % & % 7|8
o % Kal

BOSERAOANY ML (IR 1 —ER )
XD 2Bt ECRTEGRONE

58 ERF
CAPS-1 BRRYEHEEH L U HEE, Addison 85, RREBITRE | AREBETRE
: I HIEBEETRENS B 2ERLLE
APS-2:| Addison i+ AITD £ =12 / »D + BERMR SRF
(APS-3 AITD +tW B RMKAR (Addison 5, BRMARR | 2HF
S RISHEERTERR O
APS-4.1 APS-1 ~ APS-3 LISlOEROMAEAEH Y BEF

ATD : BECREERRIPEE (Kt KUK, BAR)

G BEN 1 UBRRREILAHT ST OROBACTRERR(92)

CACRBERRRES 41 40 81 (88.0)
Graves #1. 26 23 49 (53.3)
AR 15 17 32 (34.8)

MEU ST F 2 3 5 (5.4)

BRI 1 1 2 (22)

EEREIE 1 0 1 (LD

 Addison 5 0 1 1.1

‘Sjogren iR 0 1 1 (1.1

{REER o] 1 1 (1.1)

D, T3 HCHRERRDO LI TIZAITD (7.6 %) 25
BbH%{, ROTERAM (32 %), Celiaci% (0.3 %),
Addison#% (0.2 %) DIETH 5", 1 RUBHRF RIERIZHF
REAVPE L bAEOF— Y 2k 5k, HORER
BOEBEFIZTRIBERIE 3715 (0 ~ 5958%) h4561 (12.1 %)
ThY, RBHTIZAITD (11.3%) OEEIRLE L,
ME Y v <5 (RA) (05 %), EHAIM (02 %) »HKRIZE
Dol ASYDEFHC X 5 &, HERE LR (18
RUT) IR 72356, BORERBOEIEEIZ23%T
HY, 2D B ENAITD Th o L MEEXA TN,
ETBICHBRH47HB X 1SR RIS RETELD

Vol.1 No.6 2009/11 BT8R @ 99
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EIE 1 MERAOTAT —1 BRAORE S —

EEER AOREERIRBERESH L2 1 MIBERA O (1 JERS 181 §1)
1 WHRFBL B0 44 %A TPO R 2138 TG B

MEBAKEE OISO 51 %I Graves i, BAKREBED 3
LTHORERIEE TR EE O 58 %I Graves B ¥ L RIBAFE &M
IO UBRABRECHUIACEAERPRBRESHREBHEL B

1 UBREORERBRTHI LM BV

ICA, i GAD ikt BN, HEMEEETS

i IA-2 OB R 12 R

F—rEEbETRLE. ZORERPLLIL I,
HANTEBRBICEHT 5 HORERRIZ, AITDA
BEAY (880%) THY, RA (54 %) PENITKE,
EVA (22 %), EEMHGEIEQ] %), Addisoni# (L1
%) HREREFCHL V. TOIHI, BARTIEIE
RIFICEHTAHCRERBOLRPTIXAITD A & DS
{, 1RUBRHE S L2 APSO ¥ 4 T APS32%13 &
AETHDHILHbNIE, TOMMEEKKTS AT,
1RIBRRIC B 2 AITD DEHFIZ10 ~ 20 % T,
WCREEICSVERESh TV .

1 BIfERm & AITD

------------------------------------------------------------

IRBRR CRFRIRE SHAP LT LIER S 1
WEIT L o TIX50 BEREOBEEERL wbhA TS,
Graves TR A & &, HIRRERERE R IEMI
ZF0SHLORESTHEY, HERRECHEZA TS
BEIBEE CHRERBERERTZHVRTL, €O
DVAZ 3P VwbhTWwAYD, EFMICHEIR
Wikt Fov 2L, BROEEICIEITSHLAHLET
WETHEPRDTH S, BRITBIT 5 LEBRE R
F181BIC B 2R (Exm) T, £FDH40 %% 4
DAPFRBANF F ¥ ¥ —¥ (TPO) ik F /=iy
fuazusy v (TG) HikBERED 5 H51 %%, BIK
I Graves i I - RBABEBH ST, 61K
ZYEOH R E COYARHESR D58 %It FUF X
EAR SR bh, BoRFRIRE CH AR
BB LERTHo7. T, BAIBEREEZO

100 @ HTIBERA 2009/11 Vol.1 No.6

EIRE T, PUTPOVEBMEBEZE D46 %, HLTGH
HREEREDLS BHPB/AFRERELLERES LT
59 SLICERSIZRERE S L L CRIERED
WL, 18RS A IAMBARE AL T,
SO, BA, BEALDIZ, k01 BERFER
BB B AITDAHBEBELIEVD, XK
HAE (ExLTL2ERMLE) clreEfiniifiRiRac
Hifk, FRBAREZF v 7 THZENFET LV,

AITD & 1 BIERm O # (&R 3)

------------------------------------------------------------

AITD Z &6 L7 1RUBERIE (APS-3) Tid, BIE1R
PR B R LR RIR O & ) CHRmEr b7
F—Y ACRET S PR, —BNICITRIRETT
1RBRRORERREZET A, Thbb, HERED
FEFERF I I 2RIBE AR & R BIATD 12 s, Bl
A VA Y AWAEITEETL, 4 ¥R VRFFIREB
s TLES., Bkt athics <, & 50oRE
TRBMY  al=1:22Tdho7. T, BEEMBEN
& OICA), V¥ I VERBRREEEESR (GAD) Ptk &
DI B BE B SR O B3 A% 1 BUBE R 7 BRI e~
TEL, TR REREIORRELREZRTOE
BENY, ZORAH AL LTRIGADHIKRZ EA
THBY YAROKY 7 a—F N RHEAEN ST
5%, BREBMELZIEORNEHMCE@EHsShTy
v, —F, RRIRHELT LRBERR I BV THIA- 25k D
MIBBEAME N X D12, AITD 24 9F L 72 1 BUREIR %
WZBWTH 1 RUER BB P IA-2 Hik O Bt
KL, EHOORF TN %TH 5.

T 5 E, AITDADE BRI, OXMEICE v,
OBRBROBELRG2HBRFERTDH L I LHFEV,
ORRIREITHEICA ¥ R ) VIRFRBICES, @HGAD
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pitk, ICANREREI OGRS, ®HIA2
PAROBERITEY, ZEOEME D 5.

AITD & 1 BHERKRDBEERRE

------------------------------------------------------------

HORERBOREICIBEZERFESLTWEE
EPmohTws, 1RBRBIZBI BN ERERH
Fi3, HLAZ 5 AIOHLADRE X 'HLADQ T
D, BARAIRBERK TiX, DR4 (DRB1*0405) -DQ4
(DQB1*0401) ¥ DR9 (DRB1*0901) -DQ9 (DQB1*0303)
PERBBREUNTOY A T THHY, 72, 1 RBEER
TR AR HLA QFEE R, RRBYEHLA®
DR2 (DQBI1*1501) -DQ6 (DQBI1*0602) % &3 5 AH1
TRERBERET A LEFERICERTHS. —K, H
ANAITDIZ BV 5 HLAMI WFFE TiX, Gravesii &
HLA-A2, DPBI1*0501, &4 & HLA-A2, DRB4*0101
AR ETRL, HLA-A2HSWHRBICHE LK BR
ZHHLATH B LH|EZINTVWE™, L, AITD
AP 1 RIBER T, MEICX DM EZRTHLAICH
EAHY, —EORBPHBLATHRN,

1 BIERm ERA

------------------------------------------------------------

Hakala 1%, RA BEIIBT 5 1 RBREOHEIZ06
%T, —MAOIBILHELEDLZWERELTY
59 72, 1RBRBICBIT 5 RAOEMHEEDIKL,
APS2IZBUIAHFRBICHDEBEEYOhTwiW, L
Mo T, MRBOMISKERMLEEND 2 H2EH,LIER
BTH A, LETHSHRA B XU BRI HLA-DRY
LWHIMA S b, DR4 (HZATIZDRBI*0405) A33t5E

B R AR 2 DTSRI

OREBEZSHBETFCHLIMHEENRR IR TV, &
5, RADEKFREHVIESRTICE Y, 1RIBRM
OEBEZUEBRFHEOV LD THSIDDMS (H64
14K 6q25) B & U'IDDM8 (35 6 He i 6¢27) FIRIZIHR W
MHEZRD, ChOOEMICHEAICHE L KBRS
HREFHIFEEL TR TREEITRIBR SN 22T, BiE,
IDDM5:& 1z F & L T MAP3K7IP2 (mitogen-activated
protein kinase kinase kinase 7-interacting protein 2)
BETFOHE6A ¥ b viZdhm (3—5) KHEETS
SUMO4 (small ubiquitin-like modifier 4) »RIE S h
72, SUMO41Z1xBa E#& Lt BMNESRT
NF « BORORERFE LTl &, flitodA Mo A
Y, ¥E®AA Y, MHCH¥F, HERT L EORIZTH
ReRfid s, RERICEELMEEZHETSH
BOTI/EBYPOLLEATHS (BZER). ZORIET
DBFEHOT I/ BEI—FTAHEENA/GEH (X
FAIYSNYY) DIBLET UV (N V) BFOH
&, NFkBOUNVAMET$ 2 & T 1EBIRB O RIE
VRAZHEEDLZEDNMESINLY, EESISHB
HFEBFEICL Y, SUMO4RIE TS BA 1 BUBHR K Ot
ICAITDRRADEBREZMUCTLIDH L2 HLMNICTL
220, IRERFEICBVTIRE I, RRESN
%9 HLA-DRARDRIZ A LEWIEF T Vi B5
LTWaZ LARBRENT,

1 BUYERR#S & Addison %

------------------------------------------------------------

BIEFREBBETEDD b, 74 %IHORE, 22 %
B, 2 %EEBCL L vwbhTws, EE, HE
EREIAROENIE A 21-hydroxylase TH B = & A8
HoMIZSh, AddisonfEOZH - FHICHH XN S X
J12% » 7=, Eisenbarth & i3, 1ZUHE IR % B2 957 12
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Cbp/PAG
M

SUMO4
3¢
L
2T AL

) TOFAtI—k

gﬁ% cemnm KB

IkBa NFkB

LYP
(PTPN22)

sy

-2, iL-12 &%

¥

G-EE AORGENET (CTLA-4, PTPN22, SUMO4) D) THRA S ¥ FIUEEICH 5183

B THi2l-hydroxylase Hifk 2 M L, 16 % & IEHIC
KR e287- L L, Pi2l-hydroxylase ik
oo 1 RBREBE X, BB IR HBEIC Addison i 2
BIETHI LMD, ZOHAONES AddisonIFD
REFHCAHATH AL LEZHLMICLTWEY, 0
I, 1HHRBRE BV, 2oftio B ORER
BORIEZ BIICTHT 5 20 EHSER N E S
DAZ ) ==V ZHBRYTH Y, wihdr o gD
B S gE, L VERRVolow upBLETHS.

B REREICHT S HIEME T HEO%E

------------------------------------------------------------

HOREREBOREA N =X LADMBRIZBT ALV E
DDTVA T AN—ERoTzbDid, THIKIC K 5505
i, b bE1EME THIE (Regulatory T cell s TR)
ORRTHAH. TR, THRZEERICISHER
BERRBED20D Y 7 FNMIZ Lo THDTHEELES
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h, BIRISE LCCD2 AT HMBHARET S L, Hi
FAEBRLL-THREIRELSRS (TH—V—). C
DX ) HRIEFEBEICMZ, RERICRERMLIT
BEWICRA LSRR ETHRSTRTH 5. TR
DREM B DDIXCDLCD2 THIRE T, T hatkin
L7: 2 AT AITD, HOREWEE K, 1RERKZ
E,  POAPSEEEM L -5 B 4 O RIER BT RBIE
T 5. B, X Ra A SRR %2R 9 IPEX % (immune
dysregulation, polyendocrinopathy, enteropathy and
X-linked inheritance syndrome) OEKEEFTH A
FoxP345CD4" CD25" TRAINIZERAY - R REICEIIL,
AT TR C DBEF2RB S E 5L L REBRIC
CD4*CD25" TRAIEICEER T & 5 Z L s h ™,
72, APS2R 1 BIBRBRAICHB VW TCD4 CD25" TR
A OBBEREXZOFBICERLTEZ L HMES
NTws®, Z0X)%CD4'CD25 TRMNRICL 5 H
CHRBEERIBEENICEHVWTEY, FoxP3KREZE
oy ARE#Y Y ASHAML 2 CD4* CD25* TRM
faxBATHIHCREREOREL M TE L. 2D




D R DY B T SR

BEE

FOXP3 B4 & 5 Sigi
CD4*CD25" T#If & NKT HifaD) L&

Sk (RRBHLUBR) 5~10% 0.5~ 1%
BRI~ TFFE+MHCclass i MK+ CD1d

CHEERBE . sy &4

By e BEOVa LRES 1 f VB

EORREESER | MREKLRER CD1d RBMEmMEN

BEOSME BB IL2 FoxP3, BT AN EASBIEIM L1588, ULk AET ., fyn, Ets, Apl, NF-kB, AFTLUL
hsE BOHE BXABIEOHB

LA OHE IL-10, TGF-B BLOTh, TR ¥4 hh A

T AMBREST | CTLA4, TGF-8 CD40L, FAS-L

Z L RIPEXHBEZOBRAOBERKBED S L E5IZHN
T&5%. T4hbb, IPEXHEBEOHRIIEFE FoxP3 %
BBT 3 THIRLIEE FoxP32 BB+ 5 THIROTE
FHLTWEY, BRMHICERELEEAOTEORE
ERT LR RERBETH S, LzdoT, CD4”
CD25" TRMIRROM & 2 B - HWICEDZ I LEAHD
RERBOFHH L VITHEBENCHTE T LR S
5., @@ FoxP3GEMIRIC X 2 BB HliconT
F L.

Z0M, TRELTHSATWAH DX, NKTHIM,
Th3MkE, Trifilas &% 5%, NKTHIME, <X

Tt Vald]a28l, & FTikVa24]aQlWHHEDTHI
lRZHEAEAFL, NKARE THROWEOHEZED
HHOY YT, HOABERBEZHMATSLTRELT
BEELTWS, IBRKBZILDETHHOCREER
TEZOEIPBILT0BEZ ENREIRTEBY, ZDA
F = X5 E LTNKTHIREAER# T % a-GalCer 2 & D
FEDORD R NKTHIROBEBLAESEZ ShTnd, L
ML—77C, NKTHIRRICHERR %2179 CDIASGT 0
HERFEDOET DI ZORRAEL LT Sh T 5,
ETBICD4"CD25" Tl & NKT IR it /R L7z,
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T #
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1 URHRKEORRICE T > REHMBETOMS

HofE&ERICHEDEEREF

R R N R e R RN

HeRERBIXFOHEBERNFLLT #WILD
SUMO4 @412 PTPN22 (protein tyrosine phosphatase,
non-receptor type 22) &1z -F %° CTLA4 (cytotoxic T
lymphocyte associate-4) BIZFHHMOh TS, Zhb
B ihd “AoRERNRET THY, PTPN22EE
FRBIRARCHEETIFUY VRAT 7Y —EEH
LYP% a— F¥ A MEFT, THRICEIL, THRZ
BROYV 7 FVEEOERELZWHRAF L LTH TS
(X3 - azEw). PTPN22EIZFO%EI4T s Y D+ 1858
PICIZ620F BT I VBIER(TNVF= V=Y T b
T7 V) RELTC/THRIELEL, VT 772 (T
7 UN) ZROLYP A1 RBERK, AITD, M) v <7,
SLE, EEHFENIE, Addisonikik &% { O HORIER
BORBEICHE LTwa I EMEkP»HHESH, BT
SER B LR BRSNS EEFE LTHEHERASINRT
waP, L, Z0&)LRIETFSHOIMPLHIEIC
BAHEENDHY, b ERALZEOBREAPHEAR
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EDT7 V7 ATIE, PTPN22BIEZT D + 18581k CT7 Vv
VORT, TTLVREOAZVREWEITHED, #
CTERELIE, FHBREFEICIVPARAIBNT
PIPN2Z2BEFOEYECHLLEI2BETZEHORER
Tolz, ZOBE, Fitlitnwlo00BEFEUIER
¥h, 20H9b7uE—y —Hig - 123D G/CEH R
PHARANIBBERBORBKICHFRL VLI LB LA,
WWL2®, ZoZkid+1858 C/THERBFELRZVA
FIZBWTh, PTPN22EE T EBERFORBIEICE
ERRERHSTVWAE VI EEZERL TS,
CTLAAABIEZT B 2RBHFKICHFLEL, SHOTTE-
¥ — 4R 5 3IEMREARIICES T THEOBEE TSR
CHORBERBEZOMESRESI A TWS. D95 b
17HBOT7IVBROER (T9=v—Abt=V) &2
ALY YD+ 49D G/AZRIZCTLA4 DB
S5 L, 79=v (GTLVWV) 28F2CTLA4IEALVF
V(AT V) Z2HED S O T skl tve A
MPFNZEARRENRTVE®, $hbbGT LVEHD
£, HCORBRIIKIST A THROBBMAONEE Y,
HMhgpesrzastyetEizonhTnsd (K3 R5). —
75, 3'FEBIRFIRD + 6230 PLICFFAET 5 G/A SR (CT60
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F/, 1R
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CTLA4BIZFH RN L h MY 22, BETHR
2L 2 CTLAADRBEBEEDN LD X 5 ITRBORELK

EHRAXPHMROTRREATHE P,

S LTWwARE, VWEZEFRHOEANS W,

I R Y Y Y R Y RN )

1RV IR ICEDE T 5 BERERBIZOWT, APS®

AITD Z 50 L2 1 RUBERE, BLUTETh 6 ORBICE
VJ % Bl T M o5& R LB OB R F20o v THESL
L7z, COFROMANTTIIREL, HORERE
DRIETHNTED  BEEMILD AR 2 5 BAEIh A
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Type 1 diabetes
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B Abstract

Despite intervention with insulin, type 1 diabetes gradually
deteriorates the patients’ quality of life. The disease is char-
acterized by an immune-mediated destruction of pancreatic
beta-cells. Its etiology, however, remains controversial.
Some studies argue that glutamic acid decarboxylase (GAD)
antigen and GAD-reactive T cells are critical players in the
development of diabetes by affecting the Th cell balance. A
T-helper 1 (Thl)-dominant immune response is considered
to be important in beta-cell failure in both human and animal

models of type 1 diabetes. The Thl-type chemokine,
CXCL10, and its receptor, CXCR3, are involved not only in
the immune response, but also in the suppression of beta-
cell proliferation. Thus, understanding the CXCL10/CXCR3
system may be important for finding a cure. In this short re-
view, we discuss the role of the CXCL10/CXCR3 system in
type 1 diabetes and propose relevant treatment options.

GAD . Tcell - CD4 - CD8
NOD -

Keywords: type 1 diabetes -
« T helper cell - Thl . betacell proliferation -
insulitis + CD45RB . I1-10 - IL-18 - IGRP

Introduction

2ce ype 1 diabetes is an autoimmune disease

% characterized by the destruction of pancre-
-4kt atic beta-cells. It especially affects the young
and the chronic complications reduce their quality
of life. To date, there has been no cure for the dis-
ease. Even with treatment by islet transplanta-
tion, survival of the transplanted islets is less
than 5 years in most cases [1]. There is pressing
need for a better understanding of the disease
pathogenesis and a new treatment strategy based
on immune intervention.

The T-helper (Th) cell system is critical for a
healthy immune system that balances reactive
and suppressive cell compartments. It has been
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argued that an imbalance in the Th cell system,
caused by a predominance of the Thl response, fa-
vors the development of autoimmune diabetes [2].
CXCL10 is an interferon-gamma inducible
chemokine and reacts with its receptor, CXCRS3,
on Thl cells {3]. Elevated levels of CXCL10 were
detected in new onset type 1 diabetes patients and
correlated with levels of GAD-reactive CD4 T cells
[4]. In addition, CXCL10 is produced by beta-cells,
and suppresses beta-cell proliferation [5]. There-
fore, we believe that the CXCL10/CXCR3 system
plays a decisive role in the pathogenesis of type 1
diabetes. In this short review article, we take a
closer look at the CXCL10/CXCR3 system, and
discuss its relevance in the disease process and in
potential therapy approaches.
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The role of the Thl response in beta-
cell failure in the NOD mouse

In the non-obese diabetic (NOD) mouse model,
insulitis, with lymphocytic infiltration into the is-
lets, is observed from 5-6 weeks of age. However,
this infiltration does not result in rapid onset of
diabetes. It takes 3-4 months for the NOD mouse
to become diabetic. Therefore, a regulatory
mechanism must be at work in this model, at least
until the onset of diabetes.

During the early phase of the disease, autore-
active lymphocytes react with insulin, which is
why insulin is considered to be a primary autoan-
tigen in type 1 diabetes [6]. Reactivity against in-
sulin results in insulitis, but the occurrence of in-
sulitis does not necessarily mean the onset of dia-
betes. Diabetes onset may be regulated by a dif-
ferent mechanism. One of the possible mecha-
nisms is a change in the function of regulatory
CD4 T cells, (CD45RB™ CD4 cells) during the dis-
ease course. In the “regulatory phase”, glutamic
acid decarboxylase (GAD)-reactive CD45RB™ CD4
cells produce IL-10, which suppresses the onset of
diabetes [7]. This GAD-reactive IL-10 response by
CD45RB"" CD4 cells balances the polyclonal Thl
response by the same cell type during the disease
course. However, it has been reported that the
function of CD45RB"" CD4 T cells can change from
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protective to pathogenic in NOD mice [8-10].
When the Thl response by CD45RB*™ CD4 cells
overcomes the GAD-reactive IL-10 response, then
diabetes onset can occur [7].

In fact, artificial induction of GAD-reactive T
cells in an adoptive transfer system results in the
induction of a GAD-reactive I1.-10 response and
diabetes suppression [11]. This finding supports
the view that GAD-reactive responses can be regu-
latory. On the other hand, the induction of a Thl
response by IL-18 production results in an accel-
erated diabetes onset [12]. Therefore, the autoim-
mune Thl response plays an important role in
pancreatic beta-cell failure in type 1 diabetes.
However, it is assumed that islet-specific glucose 6
phosphatase catalytic subunit-related protein
(IGRP)-reactive CD8 T cells are the “actual kill-
ers” of beta-cells [13]. Increased proportions of
CD8 T cells in islet lesions have been observed in
both animal diabetes models and humans [14, 15].
Therefore, we hypothesize that Thl cells cooperate
with CD8 T cells to destroy beta-cells (Figure 1).

Thl type chemokine CXCL10 in hu-
man type 1 diabetes

A Th1 type chemokine, CXCL10 (also known as
IP-10), reacts with its receptor, CXCR3, which is
mainly expressed on Thl cells. These CXCR3-
positive cells migrate towards re-
gions of high CXCL10 concentration.
Therefore, it has been suggested that
CXCL10 could be an important
chemokine in type 1 diabetes. A
Japanese study [17] reported that
serum CXCL10 levels in type 1 dia-
betes patients, including those ex-
periencing a slow onset disease [16],
were significantly higher than that
measured in type 2 diabetics and
healthy controls. This observation
was confirmed in a study with Cau-
casian patients [18], indicating that
this is a consistent phenomenon in
type 1 diabetes irrespective of race.

Another interesting observation
was that CXCL10 levels correlated
with the number of islet antigen-
specific CD4 T cells in type 1 diabet-

Figure 1. Hypothetical illustration of beta-cell destruction. The Th1
cell plays an important role in beta-cell destruction, although CD8 T
cells are the actual killers. APC: antigen-presenting cell. IFNy: interfe-
ron gamma. IL: interleukin. TNFa: tumor necrose factor alpha. NO:
nitric oxide.
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ics [17, 19, 20]. This suggested that
the level of CXCL10 may indicate
anti-beta-cell immunity in type 1
diabetes. Also, the serum CXCL10
levels were negatively correlated
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