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1 AOBH PRIp AL —F T AU AR (1 5 ek g, LBk
BT o TR T R DR B AN A S R GG TR T
UL L AL, B SR, Wk
PEBE FR 93 s PR NOD /8 BRI BB KRR, 8 1 88 PRI 1)
S EFE DR R 4 A B P AR O I T B8 R . A
AT 9 R R LA PR T BEAE AL VT 22 BRI B AL
LS, AR — S — R A, W i 2 2R R
PETAI I 2 L5 LA SR AN 56440 B B A g ek
BEATLIPR 22 09508 5 Ik R s i 25 e A, A2 VF 22 Sh iy
T, B A PR S R Ja SR LA R RS W0 0 A A A S —
oAt R S L L B S A SR PR R T LI
IR AL AL AR SRR AN 0 P W S 1 e 2R s 9 — i R
Lol RGO LR, SR S2 AL BT A, AT fir
R T — FBVENT 11 5 B R Z S S

VFZ R, S50 34 i e rh T (A7 B 5
%K, HIFEASFEL BB IRBIR b, R R &
HTERD B AR T A TR BB BE S A Y, (e
AT R R D AT A LE TR B 2245 [T R DU i,
AL EHRAS TR, IX 26 [ 5 SR T AU AL A AR 5

Wk, FEATER RIS REFRRGEARAS . PRI, e
2 IR D AL 1AM PR R (K R BE IR 3. —. AR 3L
T BELL T ROBH PR S B A RINOD /N R B A LA
B PRI A S B 527\ (V3B REs A S B s A I D 5 Wi

1 X = (central tolerance)

T i 52 1R 32 LERLA S A ) B v [ BONEE TAL [ B v
INC NSRRI T AU TR (1B MRS 2 M it s e I B 22 e B
PEIERE (positive selection) FUPJIEIESE (negative
selection) Jri A JECEA I TAY e N A0 EER. T St g
BRI B s e ul B PE ERe B L B 38, WA T e i
P A T v PN 5 W = S VN A o (1) I B S =1
TP T Al R A R R

1.1 PR Fak s 2 IR B P 2 408 0 L8 R A Tl i 2 e X
RE T RICDA'CDS WU E g B Al i (double positive,
DP) bk Lk St T AU 524k (T-cell receptor,
TCR) » KA FLeheae U A B2 ot 1 5z Al i 1A 1) 3= ZEA1 21
FHAE S 44 (major histocompatibility complex,
MHC) 73-F I DP A BEAFiE T oK, JF4REEK H 42 CD4" B{CD8’
LR g R AL i (single positive, SP), I%FERR
B, BRI, 2ot 1 Jz A e B s e Bt okl A
RBEAE H . FENOD/N BRI rhalif b i K2 ot L 2 A R A 42
FrA CHTBL/6 BRELT, T RECZ M/ RERE R, X
T IHNOD~/IN U PR Jpg 1 & 79 - i Bt i T A0 il IS0 474 32 488 73
FA IR JLENOD /N BB B L R Al L B0 AL
AGEANGAE, AR RS NOD /N BRI B2 TR A R ik
SEHCRIMAC, 20 T RIPRIE R B, P BOANGE IE N M
FEREUVAY T AU (regulatory T cell, Treg).

1.2 Msg m kit AEPIE gD, E AT A PR 5Lk
Afiw (antigen—presenting cells, APCs) {i# MHC—
NS PR G, Gets U 5GP g g 4y i d ot —
AFR A OE T TR0 st 1 (activation—induced cell
death, ATCD) FERAAMPI T, MITHIIK T AR
15 SOV T AU, VR REFC 38 W], NOD /N B fhi
FTAEAPCs e 4k H M hBe L BA) 2 s, tA T feiE
JRAS 5EAT B I B B 3 6. 1A, NOD /IS BRI Mg i 25 44 2
AECAY, LR AR A T e 1 40
AL BWAENOD /N S 1 Mg Jit j2 5. IX A JoT 1 Rz A B ) 73
SEAVT T 84 21 SNOD /N B %) M At i A AN 136 B B AT 7B
PEIERE. 5341, FELEMHC AHOCHER (U1 tagl M taq2) galis
LiPUs S SRR Y, XM 1 ISR IA AL NOD /)y
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SR T D 2 D TR I B P S T S R BT s
T8 BOWAE CD8' T 4 i BRIE T BEAG LA . [hg Bt 41 i
[T S A et 2 s i B 1 B PRI R R AN RS IR 32—
NOD /I B I B 0 P £ S B LA e 1o B UL A2 e
L5 g B A B R T LR T Bel-X RIA LA DS, XTI
AEST T BN A ARAE R T A4 1 5 BONAE TAU A bt IR
JRAE i i R ST S R R A B 11 Bt B Nt TN,
AL EIX A AN A U, L DR T 28 11 S T
AL BAE BB T, g T O3 48 1T 5 BT s i i B A i P
A LAFRIE TG 534, FEsbie e YU [ 5 0w i i R A
PS5 1 S PSRRI R & AR AR gk, {04t
LSRR GEER XS [T S PR R AR G SO, R, S
G FIREFRAE JUAT A i 52 LA LAFAS 1 11 5 G SO,
T L2 PR T S I N TRE T AL 11 4 W52 F) sl 2R Ly 0 Jd i
%7 (peripheral tolerance) MR G k.

2 SNEm=

2.1 ZAM(gnorance) B TAIME S HAF4 TR #T 1,
L ALAb S R BT, AN GRS A B gl BAR, L 1E
WU, WA T8 SONAETAN T 200 1L 11 B Pilsd, 4
FE 1T BN 52, )5 NOD /N B AR A R B 1 e e, (0 LA,
MU JC 5 VR 258 N e, B % B 5 11 ST
Yo JER G SN IR A A e it 6 9 L 4, T e 5 1A 6.

2.2 M % (deletion) APCs fEMUE T AR, 4R
11i&35CD95 (Fas) ALLAD IR IR FEIN 5 (TNF) 3244 Sk Fi
s T AU AR 0GE o T 46 4R 1A Fas M Fas Bioffs (Fas
ligand, FasL), L, 400 A ZAEH BT 4 iy
15 #B T e 2% 5 43 T A R 42 ATCD AT 12, ATCD 215 '
T AU AP R 52« Wk sgon: T 4u i iy 352577 2. NOD /) B
SMAPESATR CD4" T 40fF1 CD8™ T 4l i, ILAICD #F
BRI SR PR /N B T HARSTE AR S
AR TONOD AN R T AU X ATCD RIL LBk,
BETT 1 APCs SleR T gt T o T 4 i A Bt 1) BB
JITECTL R AR o TR AR R E S TR ], NOD /R T
4NN caspase—8 7K1 BEAR T ALAb /N, T 41 &1
Fas Ml FasL 1) PR AC - WAR T- 3580 FKm /N L, (AT
WOE I T AU R WA Al R 1 KT, an e Z-2(IL-2)
AR T 1L H 7K1 NOD 5T ATCDAR DTN ™ B4 T 4
JE S B 4050 PO TAN B S Nk A g il AL T B A
IR R R L —

2.3 A (regulation)

2.3.1 oAb (anergy) LTS GHURR, PG~ 4
IL-2 T AN Bl 50 A S IR A RR o B B JEheT 4l sy
WATL—- 1O 175 S LA TAY B . AP oA e 1 I oy
SEHERR, I CAJCIZA G LA 11 5 G JOW oA .
2.3.2 3% (suppression) AR FEPET bk 2 AU AL SSHT {4
(cytotoxic—T-lymphocyte—associated protein 4,

CTLA-4, R CD152) j:3RIA T3 T AU i L= it —Fiobi

FE1. 1% CD28 —HF, CTLA-4 figh8 1y BT Kk 7 B7-1
(CD8O) M B7-2 (CD86) JE MMtk — k& &4, TR
IR U L2 B/ A B4 i s AR e R im0 T Al
JL A TR 1 S TR AR T AN R A A2 R A f
o U RN P B R W], CTLA-4 ML e 4 T4
o 15 SO T AN LG ) BREL, AE LB oL N,
AN E R RE, 15 BUSEUTT CLOR 118 G SN, PR,
VF 277 %) CTLA=4 /£ NOD /)N BR T 41 i 1 4 1A S JL Dy fiefi
TRFBIS TAR AT SR AL, NOD /) B T 4l it 45k
(17 CTLA-4 {1 S B IFE B Z B s ™. A4k, gt
AN BEARAE T A3 T, CTLA-4 1y CD28 /E FAH S
Jf 4 CTLA-4/CD28 M ELAA, 1T ARANAN CTLA-4 MIFRIEIK
1, NIZ R SO T A OSSR A IR e Y R
B, NOD /BT 4U sk Ht CD-3 PiikiiE ), JLCTLA-4/
CD28 fy He AR SRAR 35 R T~ C57BL/6 Fl BALB/c /MR, L5
PRITT fie 46 T NOD /N Sl A SR AU i (dendritic cells,
DCs) . EWE4 Y (macrophages, Mps) fIT AU 1-FRik
CD86 MIZK T4, AT T BT 1 11 5 SOV A T AU A
BEA AR T CTLA-A 7K1 A2 il G 88 S V.

2.3.3 CD4'CD25" A3 T#m it TregsL —ZR I g MIZ AL
RO S R E T A R T CD25° T 40 M, Treg
A L 3 10 A S R T I A R IA A FE 2 B o i
(IL-2Ro, BRI CD25) /0¥, 44852 APCs A, Treg
Al A [T 5 4 T-ERRAR A, 33 I 00 7 TL-2 9 T ok
01 ALAh CDA' T AU ARURT CD8' T RIS BRI 4. 1i4R Treg
A AEAN Ay CDAT T AU HI 1 5-10%, (HAEHEFF Tz i
52 R SOV RS T RS A A B A RIE R R,
NOD /> BUF g B AR T, JL Treg Al H W] BAS T
BALB/c/IN KR, M W R BT T Treg JIT vy T AU S 40 HE
Pt B A% T-BALB/ ¢ /) Bl BRI L2 T i Tre g 4l i1
PHCH A 8 wk R 15 wk AR T3R8 PR I /N BT O
BEMETE ) LR BT A T Treg A MR & « 7S R
TRIG AT 28 APCs R4y, JUALt CD28/B7 MAHEAEH ,
1M NOD /I BRU %9 APCs A2 4l MU AR 11 731 34 4l i R 7 73 Wk
IKAVEE A T he LB A 7= kB,

2.3.4 B R F 4 T(NKT) % i NKTAI L — 2R T 1) e
W T A MTE, PILERIARR.L T BEA NK 4l 10454, 4
NK1. TRILy49 S8 11, SCA T AU & 1A% & —TCR.
ANTR) T-JLA® T AN, NKT AU i H U0k 11 CD1 Hi b i
TP 0 U R BT I AN LIRSS, 0 e
Kol b P, Sharif et al AERFFETRDL, FURANFH
FET, NKT 4 AN 43 6 6 X0 T -4 X 4t e PR, i L2
TL—4 1) 32 TEACY, TRITIT T BB G 88 S5 N [ S B R AL 7
VRS AT R BE R TR 7 VE AT L 0D RS T Thi 284 11 5 f iz
¥ (Thl-driven autoimmune diseases), JLKIRH
BUHIL) B Gtk M R 36 I CDAY T AU A Th1/Th i)
A% LEHH PR AT 55 BRI, Th R Th2 40 i i1 7 3T
B, Th2 W W kAl M Lh e e Pk BEAIR, 115 BOwidk Thl
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AN MRS, Rk — 2 TE Mps RICD8" T AU, M
TSP 2B AU R S8 K. ARTTT Tre g AU S 5] I 4RI Th K Th2
AN AR R B L0V B L TAY B2 A LR AH DR (R 1
T 41 i 5 202 NKT 4 . %5 NOD /N BRI HIE ST S, 3 i
H L M < P D DA S 0 o b 2 % 7 7 NKT Al g, Ly
AR R s /> BRAH EE B35 b, JF HIX 2640 i /e 1A~ Al i
KAV Ltz A TL—4 R ). NKT AU R A fl S g L
(BB TT B 2 TLEE 56 Th QU i 18] Th2 f 04k, iRk 3
FH Th1/Th2 M) )HT.

B2, NOD 7y BRAE S 38 i 52 ) A4 L sl i J LT 40547
FEAS TRV R BE BB, XSGR DAAS R T AL W 5 ke 7
XML I 52 AR, AT A& 75 11 5 B i) S
PEINL IE4 1L, 1 RO PRIR 1 A e iR I T,
H AT — N LR VA7 7 8 R RIS I 1 AT, 9F
HEAT 3% 85 AR (1 R R AL i 2 JLAE T, A I T
TR PR DT ) PR, A48 2 Bk R B A RIS R s B )
PR, AATTRE 1 208 PR s (R R s LB AU, 4 A
A S BN B2 7 1 B R BT e )V S X IFS Bl
YIRS ) R AR LB WY T NSRRI BEAS L, (DA HIE
o HIE I, R R 900 ) AR L R R R S
TR DA G g8 IO R RV R A 12000 PR ot F o i
SR 35 T3 WA i BURHLEIRE ST, 2t g A28
LA PR o bt Bt s PR BT RTR T 7 48

SENHER

1 Kolb H, Kolb-Bachofen V, Roep BO. Autoimmune versus in-
flammatory type | diabetes: a controversy? Immunol Today
1995;16:170-172

2 Naquet P, Ellis J, Tibensky D, Kenshole A, Singh B, Hodges R,
Delovitch TL. T cell autoreactivity to insulin in diabetic and
related non-diabetic individuals. J Immunol 1988;140:2569-2578

3 Thomas-Vaslin V, Damotte D, Coltey M, Le Douarin NM,
Coutinho A, Salaun J. Abnormal T cell selection on nod thymic
epithelium is sufficient to induce autoimmune manifextations
in C57BL/6 athymic nude mice. Proc Natl Acad Sci USA 1997;
94:4598-4603

4 Ridgway WM, Fasso M, Fathman CG. A new look at MHC
and autoimmune disease. Science 1999;284:749-751

5 Wheat W, Kupfer R, Gutches DG, Rayat GR, Beilke J, Scheinman
R1, Wegmann DR. Increased NF-kappa B activity in B cells
and bone marrow-derived dendritic cells from NOD mice.
Eur J Immunol 2004;34:1395-1404

6 Silveira PA, Dombrowsky J, Johnson E, Chapman HD,
Nemazee D, Serreze DV. B cell selection defects underlie the
development of diabetogenic APCs in nonobese diabetic mice.
J Immunol 2004;172:5086-5094

7 Poligone B, Weaver DJ Jr, Sen P, Baldwin AS Jr, Tisch R.
Elevated NF-kappaB activation in nonobese diabetic mouse
dendritic cells results in enhanced APC function. J Immunol
2002;168:188-196

8 Charre S, Rosmalen JG, Pelegri C, Alves V, Leenen PJ, Drexhage
HA, Homo-Delarche F. Abnormalities in dendritic cell and
macrophage accumulation in the pancreas of nonobese dia-
betic (NOD) mice during the early neonatal period. Histol
Histopathol 2002;17:393-401

9 Savino W, Boitard C, Bach JF, Dardenne M. Studies on the

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

thymus in nonobese diabetic mouse. I. Changes in the
microenviromental compartments. Lab Invest 1991;64:405-417
Fu Y, Yan G, Shi L, Faustman D. Antigen processing and
autoimmunity. Evaluation of mRNA abundance and function
of HLA-linked genes. Ann N Y Acad Sci 1998;842:138-155
Lamhamedi-Cherradi SE, Luan JJ, Eloy L, Fluteau G, Bach JF,
Garchon HJ. Resistance of T-cells to apoptosis in autoimmune
diabetic (NOD) mice is increased early in life and is associ-
ated with dysregulated expression of Bcl-x. Diabetologia 1998;
41:178-184

Akkaraju S, Ho WY, Leong D, Canaan K, Davis MM, Goodnow
CC. A range of CD 4 T cell tolerance: partial inactivation to
organ-specific antigen allows nondestructive thyroiditis or
insulitis. Immunity 1997,7:255-271

Kent SC, Chen Y, Bregoli L, Clemmings SM, Kenyon NS, Ricordi
C, Hering BJ, Hafler DA. Expanded T cells from pancreatic
lymph nodes of type 1 diabetic subjects recognize an insulin
epitope. Nature 2005;435:224-228

Aspord C, Rome S, Thivolet C. Early events in islets and pan-
creatic lymph nodes in autoimmune diabetes. J Autoimmun
2004;23:27-35

Jaakkola I, Jalkanen S, Hanninen A. Diabetogenic T cells are
primed both in pancreatic and gut-associated lymph nodes in
NOD mice. Eur J Immunol 2003;33:3255-3264

Levisetti MG, Suri A, Frederick K, Unanue ER. Absence of
lymph nodes in NOD mice treated with lymphotoxin-beta
receptor immunoglobulin protects from diabetes. Diabetes
2004;53:3115-3119

Decallonne B, van Etten E, Giulietti A, Casteels K, Overbergh L,
Bouillon R, Mathieu C. Defect in activation-induced cell death
in non-obese diabetic (NOD) T lymphocytes. J Autoimmun
2003;20:219-226

Radosevic K, Casteels KM, Mathieu C, Van Ewijk W, Drexhage
HA, Leenen PJ. Splenic dendritic cells from the non-obese
diabetic mouse induce a prolonged proliferation of syngeneic
T cells. A role for an impaired apoptosis of NOD T cells? J
Autoimmun 1999;13:373-382

Piganelli JD, Martin T, Haskins K. Splenic macrophages from
the NOD mouse are defective in the ability to present antigen.
Diabetes 1998;47:1212-1218

Falb D, Briner TJ, Sunshine GH, Bourque CR, Lugman M,
Gefter ML, Kamradt T. Peripheral tolerance in T cell receptor-
transgenic mice: evidence for T cell anergy. Eur J Immunol
1996;26:130-135

Teague TK, Hildeman D, Kedl RM, Mitchell T, Rees W, Schaefer
BC, Bender J, Kappler J, Marrack P. Activation changes the
spectrum but not the diversity of genes expressed by T cells.
Proc Natl Acad Sci USA 1999;96:12691-12696

Karandikar NJ, Vanderlugt CL, Walunas TL, Miller SD, Blue-
stone JA. CTLA-4: a negative regulator of autoimmune
disease. J Exp Med 1996;184:783-788

Walker LS, Ausubel LJ, Chodos A, Bekarian N, Abbas AK.
CTLA-4 differentially regulates T cell responses to endog-
enous tissue protein versus exogenous immunogen. J Immunol
2002;169:6202-6209

Piganelli JD, Poulin M, Martin T, Allison JP, Haskins K. Cyto-
toxic T lymphocyte antigen 4 (CD152) regulates self-reactive
T cells in BALB/c but not in the autoimmune NOD mouse. J
Autoimmun 2000;14:123-131

Dahlen E, Hedlund G, Dawe K. Low CD86 expression in the
nonobese diabetic mouse results in the impairment of both T
cell activation and CTLA-4 up-regulation. J Immunol 2000;
164:2444-2456

Kuniyasu Y, Takahashi T, Itoh M, Shimizu J, Toda G,
Sakaguchi S. Naturally anergic and suppressive CD25'CD4*
T cells as a functionally and phenotypically distinct
immunoregulatory T cell subpopulation. Int Immunol 2000;
12:1145-1155

Yokt EEWE Tk KT



