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ABSTRACT

Many of Autoimmune diseases are caused by hyperactivation of autoreactive T cells. Therefore,

immunosuppressive pharmaceuticals have been widely used for treatment of autoimmune
diseases. However, general suppression of immune system can elicit adverse side effects such as
opportunistic infections and cancers. Thus, the long-lasting, specific inhibition of pathogenic T cells
following short-term treatment will be an ideal way of treating these chronic diseases. Physiologically
autoreactive T cells are effectively controlled by antigen-specific long-term inhibitory machinery
called T cell tolerance. Hence, T cell tolerance induction therapy in established autoimmune diseases
such as type 1 diabetes and rheumatoid arthritis are actively investigated both experimentally and in
clinic. In this review, | will discuss the basic mechanism of T cell tolerance and theoretical framework
of translating these concepts to clinical therapeutics.
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1. TM=22o| 7|

AZFAATAH O] A A W H|ZHd 3=, 2A 5514,
FANA Y TAZO Haagols] dojub= S4AAE T
A 3E34-8(central T cell tolerance)}, FAlo A Ad<so] &
FEH T2EN g gzr|Hoes FIlEo] U2 TH
oAl dojit= WA TA|Z-&(peripheral T cell tole-
rance) 2 Ul F42HE SE njAs THZES
FHOFE o]53st T, THEZESEXH 9] gene recombination
of o/l cheE 10 FEUE 242 LA 4 2 T
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1) 0|&54A1IS7Hd(Two signal hypothesis)
TEE U2 THZZE PR 2F 22 FLAIAA
ol e AASHA Hed o 2E S
FAVIA 2= HAA ] 73 A (sentinel) 2 22
TR A A QlojA, Edlojuf Ao &
% xZZsto], I F AR 245 Alzxd
O] MHCA] gloj Al TA|zof Aafi5=7 a9l
Fite el =A e =XZK(peptide  fragment)2
MHC3EHO| A ] ofuff THEZ+= NEZEHY TAHE
AT cell receptor, TCR)E E3 o]& 3<L-MHC 2
LAE QAASFL TCREANS TH| 2 Wi E Bd3Hils
S dgstA "ok 28y TH7E 2ds] &3t
I8l A= TCRAZ 9] AJ 29] A}=o] HQA3NT o]F &
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Figure 1. Two signal model of T cell tolerance.
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Antigen-reactive T cell costimulation

HERL=(costimulation)o| 2} F-ETHFig. 1). JEZ Q1 FHt
Aqony, FAAAMELA] B o] TH 3
o] CD28Y Afete =y sl ert THZW R =
A=, CD28 4127t & a4 Ut o]9F o] TCR
2150 AAZ I RS 9] A 24157} 5A o]l TA| 229
A A= A5, THZ= ﬂ"*ﬂ'ﬂ(ﬂ AM|EE Y, cytokine
2], 73t 52 Sl ddEe AlASH = =9S ik
e SEkA= glo] TCRAISNE T2 Ad = 7
-, TA|2E= A}7] A (apoptosis) ol BFA| 7L, W2 S}
gl o]28 35 Al=ol= HhESkA] = HIWhgd g
(unresponsiveness, T cell anergy)7} ETh> Az 0] ™
93, & Hlole] A, Hhe| 2lob5- 9] pathogeno] O &2
Aot Aol B 45 Rk Hed of#gt
oS FUAAA 2] BAHSE fF=5t0] AlZEH
7 ‘_HHX

o]

42 upregulationA] 7] & 24 Z=E3} costimulation

= AFeA ek WA AU A, hEE 9%
o it Aol Al FUAMAES G AL TH o
AFsks 797t ok, FURAAES) BTo] A 4L

FEil A TCRAEZE AEstA HER, A7Hdnt-a-4]
THZ= AFEE 7L anergy el of] WA A = of, A}
Ao A=A Hrt! o] A TCRAIS .9} costimulation,
T Al 9%t TH 238 2Ho|25 olF54lE 7Hd
(two signal hypothesis)o |2} F2H, Xt 20 o] A} 31A| 9
229 o} g}

AE R o gl A|ZufoF Aol A TA|ZE agonistic anti-
TCR3}A| 2} agonistic anti-CD283} 4| 2 A}=+5}H TA|Z7}
225 FA3IE|R|TE, TA|3EES agonistic anti-TCRE}H| 2
U A=, THZ = th2of thA] anti-TCR 9 anti-CD28
oz A= GAstE A ofe Aol HE In
vivo FEAYA = AF SRFYE 5olA THxEE
iAol oAU ES aduwvaniglo] FAFEHE
A9, THEE A2A5g0] FUUE A Hol
AzAPE 2 anergyAlelo]l whx| 7] Elok vk ohisE



pal
S
i)
1o
=
0F
i

™
p =}
L

[=ZOIA2] THPE2ES] At
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terium lysate)2} 17 |slFAbsA HW 2249 FHt
$& fUsHA ol TAZE A5 BT, B
Ao = 98 4= Q)= memory TA|ZZ2 J_XH
th G A A QL A7 A oA QEJEEL = A
o= &A5IA] U= maleetkul 2l o] 9 = x}r) o] A=
ﬁ(transgemc mice)o] o] LAY Eol]H THEE FAF
she %, AZFGUSIH THEA A7HGUL Tt
398 BT 4 9k o B9 A, Polz FUsol
T
E7h AESAL B AZE anergyAlefol wHlo] 2ol
HomA, dEele ArUAle] ArtuoTA =
WghghA o] ZHH T el Arhuiolagel
A TRg} 22 ARl The R2hErk A7 pathogen
9] =91 lymphocytic choriomeningitis virus (LCMV)o]|
o3l Eo]z o0& el El= GP35ST Zlo] AYFH A Z
of e r WHE =T, GPISHFHAAE ol4e A
(GP35-transgenic mice)= GP35Ttwizlo] H=Fo| 2714}
o2 g E= A E HHge) o] o] GP35Eo| A T
NZE ATl FASH, A5l EASHA e Aol
M ZA7pH e oo 7% ok=t}. vhd o] AZ o] LCMV
E A= A Aol 93t d5ol FE AL, CP3s
50|24 THIZ7} LCMVe s A|329] GP35E H574
oA QUASHA Hozn #E&S 7 BAstEA =
o o] FA ZstE TH 2= gl T = GP3sd
AN EZE FASHA =o| Arpd oj/\g == om—d—o]
BEt’ o)l Arpd RSt Wol2 2= infection &
pathogen®] &1z} ulozgt A7hael 1 et A7pEen
0] SHE = ‘molecular mimicry’E HH}FS}= model
o7 SR, WEGo] ArbEe BEE A=Y &
Sleks £717} Hek.
olelgt MEZrst FA o, BAL5SHY
2 TAEAE @ ancrey 4ol Tetsl gl
AHE SolH o2 A AT knockout miceE ©]-8-3F A%
2 5 4 9t} oS S TAZAE] Za3k T
Uo7 FasArl AWE AL TR oz
AZRSTAES] 7 kel A HOR b
Aglo] A7|= Aoz AdeyA 9" THE anergyS 1l
Mote AAeIAZ LR Egr2 knockout mice®] 7%,
Lol SLEQ} AR A7t A gto] A7) = Ao B
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2) RETMZ
flef 2ol SR 2ol oI5| TAZ RG]
= ALS X TE(recessive tolerance)ttil H& 4=
chl, A 0® AbRTAES] TS olAshe
A THZHRATA Z, regulatory T cell)o] ZR)3tt}=
ol dHHon, o]2 Bt THZEHLHAAS S8
(dominant tolerance)o]g} H=c} >
ZATA|EE= CDHCD25+ TA|ZZ2A] HAA| CD4 T cell 2]
S-10%E AXBHE sl AEZOR, HEu oA
ZATA 22} BATAIZE A v FshH, B4TAIZ9
B3E Adfshs AoE GEA Uk’ 2ATHZ9)
AW Aol e Bt e AR B 2
BE AT AT TAZGo| A CD25+ T cells A
A% ., TAZA A7 ude mice)el] FASHA 245 %
7hielsto] Gue, o] uf CD25* T cell T F
Aehel o5 Azbuelugie] S WA 4 ook
H& S BRG A F7)k o5 ZATA =Y B
5 W 7)5o] A4AR Foxb3GAA7E AR E A= A
b agio] Aeidon waEel SIE e B
el LA, ARl BRI §0H 27 A8
29| IPEX syndrome (immune dysregulation, polyendocri-
nopathy, enteropathy, X-linked syndrome)©| FoxP3-3-# A}
o Selulolo] els] furHckn mag wp ook
o|Ata} Zro], TAHZET-8-E A A} H(clonal deletion),
A|3Z H]WE-3-A(clonal anergy), Z&TA|3Eo| 23t & =7
& A|(active suppresseion)s-oll &3 -] = F7HE A
ghe) ool 7lelgich B3], AEAE @ AE uluS
ol o7t THZFHE-2 AlZ A9 Wi jESAJo] 4
AT Qujo A FAJW-E(recessive tolerance)©] 2kl
Eou, AT 2] o3t IEAF2 ATFHA 27}
ojito] MEZATHZ)S oI5 B M o= oA Hrhe
Olu]of| A A H-8(dominant tolerance)T}il= E T}
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719 e o2 L ARA FAC Aol A
104 o4 AL TAEREHEAS ArtHe D
3o A RAZ AWl welo] W] %, o F
W 7R ojn] QARARe] AaAFel AL AEos
ARS7) NS, ARHZ THZREREAS
EENEEEEERE
A%, AZFASTAIE Wk ok mE TA E2] B3t

2 Z7HAA L, THE
B8O FEE T2 TAZY B af2 §A5
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Table 1. Comparison of conventional immunosuppressants and tolerance inducers

Traditional immunosuppressive and anti-inflammatory therapies
(Corticosteroids, azathiopurine, mycophenolate mofetil, cyclophosphamide)

Tolerance-inducing therapies

- Nonspecific suppression of entire immune system
- Long-term treatment
- Higher risks of opportunistic infection and cancer

- Brief treatment induces specific immune tolerance
- Long-term drug-free existence
- Maintain immune competence to infections

A, FeSolHem AZHAATAIZE AT 5= 3le
L= } o]AMA ¢l ATHAZBEA 7 Eohs Aotk

AA Y A5 dAlFololA, Z7]4Ql &
= W, THZgo] o %W, 1 &
B A RO R AsHhe ;
A E Erhs A o] Qti(Table 1). FAY
3HA|, A kA, HFE 7} consortiumS & A3 “Immune
Tolerance Network”o]gl= AAFATL projectE A|2HeE X
104 o4 Hoj7bm glow, 1 4Rt AR s Ao
et gl

oA A=) 58 9 4
u=o] A

1) EapIRo| X
0|5 A1E 7HAlo] 7]uket SR ATHs and-CD3 A
a¥ole} 3 4= Atk o274 AL ARALES} G Al

B

i
ABE THZS A F& veHEE SEalEE TCR
o] T3t agonistic A= HEgle TCRAZE A7FHY
TAl o Agsto] I 752 At #8S F=F
Zolet= Zlo]th CD3+= TCRY} complexE ©]FiL Q1
Mrixd ASHdIdaWARZN, CD3E A3t 4
TCRAZAYL 8§53 4= 9It} TeplizumabC & 5
anti-CD3GA 2 A7bHel Y 19 Sieo] A o],
AAIAE o] 9lon, E3] T 213 % randomized open-
label trialof| A %27 Ge3R}o] AL, 252719] teplizumab

Z| 27} 58 7}A] beta cell functionS -S| A|ZH = 2117}
o) T} 202

T A A= A4S AAIE S T80 FE0]
t}. oFAl: CTLA4-Ig@A], CTLA4L CD28THA}aHA,
FUAAHE He] BT} SolH o Agels THE
sk golt}l, CTLA4-Ig= CTLA49] A|xEu}ojHs
(extracellular portion)2 IgG3A| Q] Fe HEI} g§3}5}1o]
QA gRhE AR A, o) AuiAlelE, THE
o] CD28¥} B A = B7o| AgstA Hof, ARAZE
AAFoZN B8-S FESH Hrh? o] oAl aba-
tacept (A= Orencia, Bristol-Myers-Sqibb)gl= o]&9°
22006958 ATl 22 Rl sy BEY A=
AR AFE T Yok E ThE ARALE AA= CD28-BT
axis@]o]| Th2 FHA}F o 2 U A = CD2-LFA3 axis
£ JA|S= LFA3-Ig (alefacept, A& Amerive, Astellas
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oA, ? IL-29} rapamycin®] -2 Qo] u]= Immune
Tolerance Networke] 9]} mejEx Qb Eal v}
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AAA A ERLA HEmE e AlZA 77 2T A
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3) B2 T $X|AM|Z(tolerogenic dendritic cell)
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