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Role of Cbl-b in T cell immune tolerance and tumor immune therapy

W& Gk, WHE N E=MFE(PEEAKRE WES —ER B AA, DT s 110001 )

[# ZE]1 Cbl-b casitas B-cell lineage lymphoma-b ) A—F i BEORSFY RING ZE0% B3 12 R IEH, 29875 T 41155 1 i
B X AERESNE T AU e 52 2256 H L, Chl-b Rk 25, 5t F FLHH - CD28 .CTLA4 K& H 51z ZLr i, Cbl-b
W7 ARG 192K 32 A G i SR A T AR 5 40 1 2 5500 E A0 A 0 SR 4 S TAS 2 W B s sZ AR M
FRPE N . 5340, Chl-b ZETRHE T 40 TGF-B 5 555 il s Pl %5 EEAEH] . Chl-b (MBI RENE B BT g G R0, 1
BN % . I, RABFSE Chl-b 7 T 4 G2 i 57 R e So 283697 Hh B 7 T SR s S 37 HR A6 A

[ X7 ] Cbl-b; & ; T YU ; G et 52
[ FES%ES] R730.51; R392.1

2R ARG eI Y RN —Fh R B
P E A AR . R ARG R
B AR MY 1 8972 2 AE( ubiquitinylation ) FF 45,
W I Bz FAEACHE F2 {2 KA A B3 12 R
M1 — R A RN, Fe 25l ok B3 12 2R % R 1
ORI R (T AL Bz 3R T FE B R
bl R TR B3 12 RN
HECT( homology to E6-associated protein carboxyl ter-
minus ) . RING( really interesting new gene ) Fll U-box
HHE = RFWA R, 73 0 R A R B B i 15 5
Chl-b( casitas B-cell lineage lymphoma-b ) B[l /& —Fi &
JEPRSYIY RING X5 B3 12 3 4 He B, AR 3 1 B i
24320 120 000, 7EMHFL N7 (Y 14 41 SV i A A1
WA IR AR R RIS B R, Chl-b FEAME T
240 M G R TS 52 S AT PR B 28 S oL P Ok % T AR
A SO IR BB AT 1 A — T B 253

1 THRESINERNS

PSR T 40 0 75 AL T ZE MRS =, —Ff
72 TCR( T-cell receptor )/CD3 S5HT i 12 4 i anti-
gen presenting cells, APCs )32 [l £ 5 1) MHC - $T i
RSB W26 7 A i S P BT SRR 5 o — b
J& APC fefit AR R e A AL AR 5 . IR HA
TCR/CD3 B, LA M A 52 5, 8
AR 7SS, HEES TCR /YR A K
T AR REA R BOE T 40, TS BT 40 Ak T
TCHE( anergy VAR,
1.1 TCR 53413155

TCR S5Hp AP AR 45 )5, 524E Sre KR
AR ER I Lek 1 Fyn, JFBERR AL T WE(5 550
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F Zap70( {-associated protein of 70 000 ), i 1k
Zap70 BERR L Z AW, W LAT( linker for activation
of T-cells ) Fil SLP-76( SH2 domain-containing leuko-
cyte protein of 76 000 ) >’ . LAT f B2 1L S AF A
B0 FRENFAEALUMCHENES 20
PI3K( phosphoinositide 3-kinase ). PLC-y (' phospho-
lipase C-y ).Grb-2( growth factor receptor-bound pro-
tein 2 ). Gads ( Grh2-related adaptor downstream of
She A5 A( I 1), PIBK REBERR LR B A9 BE i ,
FEYIE D9 ML A PH 25 R B {5 5 3 H AN Vavl |
Akt ,PLC-y1( phospholipase Cry-1 )3 {511 I
THIXLERE 0, PLC-y AR 45 55 7 P I B AR A
W O C S A IR A

CD28 J2& T 4il ffd I ol 3 {5 5 b i SC B o 7
CD28 5 HCIR BT f4h 4 BE i id 4E4F Lek A PI3K
AOTE AL 38 TCR IR X AR5, fe kT 40 A= 1 A1
47 2% -2( interleukin -2, 1L-2 )Y 3 K %% 5% A1 mRNA
MEREME. 74, T 41 Vavl RIBEIRAL A Vavl
TR I G B S8 Ak O T AT T CD28 S 5
FEAET
1.2 b stk

G PEMT 32 ( immune tolerance ) & ALK G & R 4
FE SRR I R R S P T RS, B AL
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X HABHT AT AT AR ) TE 8 B S B AE . SEREE T
fiE( clone anergy )& HPE i 32 I8 WA SE ZEALH , 248
T 20 M BB AT I I A T 2 R 2R 1 IR A, SR T A 3% Ao
SRR T 44T B B 1] AR R 40 I T 8
T 240/ JC REMR A B0 2 - A 0 T B R R 22 77 A, 7
FAE LN AMEE S T IL-2 R X Fh I REIRE

E1 TCR/CD3EER{ESESE

WE4FZ55T wbErEICRer 1A T 4 H
BB 32 % T o ITAEARMBFIE 0 R, B3 2 K
LR Chl-b P84 T 40 M b R 52 4435 £k 1) e, IF:
2 5B TR . 546, Chl-b /R T 40
JHLTCRE A PR AE IR T - AE 445 S B i 52 L e e S A
A & e i) Vb R s SRR

2 Cbl-b W& SThEE

Chl-b J2: 1 1 AMRSFIY N A S s SR W25 &
( tyrosine kinase binding, TKB VEERYIE, EET RING
finger Z5 A4 C A 14 il 2R & 4 IX( proline-rich
domain ) .72 2 M 2% 45 & 38 ( ubiquitin-associated do-
main, UBA ) 5 = & 118 $7 5% ( leucine zipper, LZ )2l
O 2) . TKB S5 3 344 AL, 43 2
PUBZHEHR( a four-helix bundle,4H ) EF hand FIA] 2%
) Sre [R]TR X 2 25 #3%( Sre homology 2 domain, SH2
Z5K95% ), TKB i £ 209 T g i ot 5 iKW 4 H o
FRRE e PERIR 1L i R Sk 5L 45 5, AT IR GE Cbl JiE
YR E RS, SR, BT — 2L AN Sre K5
Wl Refg it 5 Cbl & H M C Rumgh &, it LUK
(RESEIE AR 58 4 TKB 253 i . RING fin-
ger LRI ELAT IR E3 12 8 B T 1, AR
H—MFIREAL GO R 8 A B2 A E—iE, R
NSz R B2 R ERRYED E LZASE2M
FEHB R, UBA i 517 FRI4E 4 .

3  Cbl-b RixryiFE

4T A AR SE AR AL T 32 AR A HE, Chl-b

ik A, Hod 343 i NFAT( nuclear factor of acti-
vated T-cells )A- 5>/, ZESCEIRR | 55449 TCR i
WARETS 355 B T N ORI NFAT W6 4L, AN PR APL
(‘activator protein 1 )3 NF-kB( nuclear factor-«B )%
PTG . TERXFPE OL T, NFAT et g 30 il 4 5 PR 4% 5
FEFF , A A = o TR A2 I AR |, BER 45
1 % F Egr-2( early growth response 2 )l Egr-3 #
WO, I B8 R 45 JC K2 1 S S 09 Cbl-b 1Y 3R
IR SAE R MR SE R O A T 40 P o
N3k 5% I F Foxp3 ( forkhead box P3 )l Kk 5
Egr Fl Cbl-b A7 3¢, ZHITZERN T 4 Foxp3 i i
Egr ¥ Cbl-b ZRIAMH T 4 iib FICRERAE .

TEB BRI s LBAJLE
o R
¥ S5 YYY  guram

2 Cbl-b EEREH

B3 T 2 SR Y45 , Chl-b 1933k 32 L84y
+ CD28 F il P %) 240 i 25 T bk 0 240 A St )4
( eytotoxic T-lymphocyte-associated protein 4 ,CTLA4 )
(OSBRI — 05 T, WA T A0 T A
CD28 W25 55—, Vi T 4 Mo s ik fa) L
P87 CTLA4 BY521k, CTLA4 @it 5 CD28 i ik4h
A BT 5 imi & 4 A dI e . cD28 S
Biifk B7 45466155 Cbl-b (972 Z AL M A%, T CT-
LA-4 F1 B7 458 Md Cbl-b fF%3k FE, gEmidmadl T
ARG EE 510 CD28 Il CTLA-4 il 4 4% Cbl-b
BRI B PR DT R Z R BR Bh B T 4B A 305 .
&b, Cbl-b FH B RE Bz AL TT 48 8 B AR E 17 1%
fit, WF7E 7 £, HECT K& B3 17 £ 3% B
ITCH 1 NEDD4 B4 & Iz =4k Cbl-b, T EiE R
Y2, 76 TCR Fl CD28 Al i}, Chl-b RE A4 H &
ZEAAN SRR ) Xl B CD28 L BRI
Cbl-b #2800 i — AL

4 Cbl-b £ T S SHHIER

Cbl-b JEVTT T 455 A N+, T 4Ede b
JAT AN 2 B, RAMIFSE Y R, Cbl-
b7 AU Y TL-2 Az 3G, 20 M 3 5E A KT
CD28 il T4EMFSE " I, Chl-b il 132 &
e S N NN P RN N R
TS5k ELAN LA 5 i PR R RS % R
PUIRSZ RAE 5 RG2S
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76 T Z0fdrr, Chl-b REZ RALZ ARV E A, I
2 TCR {55, 0, Cbl-b fEi Lt C R il & R 5
EIX 5 PI3K # p85 W B 454, i itk I 45 PI3K
552 AE Jurkat 4HfLH, Cbl-b 32 24k p85 W B
A7, 50 T AR A 8 A6, T4 p85 W H 5
CD28 F1 TCRL MEMEIX 45 & ZERIs T A,
Cbl-b it C Kl A MR & H£ X 5 TCR T iEs+
Vav-1 AHEAE IS LI RE . X FpAH ELAE R
R TCR B A RR S R SR 42> B AR
T 20 Vavl B93057 2 TCR F1 CD28 WU H 5138 5
Mi7E Cbl-b ™~ T 40, TCR 50 J5 A2 K 45 5 1) 2
F S R0 RE NS Vavl, B IS B0 B 2 ik 4 7B
Mo 74N, FETCHE T Aifrf, Chl-b A5 T8 PLC-
vy Z R LR H A 55 20 2 R0 PLC &
Cbl-b [ CEESE ST

5 Cbl-b FEFTHE T B F0 TGF-B {55 @B H I
ER

CD4 * CD25 * #15P: T( regulatory T, Treg )4 fifd
J2 T 40 ) B 5 R, BE o0 WA e Ak AR KT8
( transforming growth factor-g, TGF-3 ), KRN P T
AN EAMRIER . 5 S5 S mr, TCF-g 5 %2
TRGS 5 IO 52 14, 195 A 1Y) 52 4438 o i 2 1k 40 L PN
Smad T H TGF-B 15 5 M4 il 58 4% 1) 40 g #%
RAFFAPEMHIVER . Wohlfert % 4138 , Cbl-b Bt
JRfy CDA™ CD25 ™ AW T 40 M BEHEHT CD4* CD25*
Treg ZH AT TGF-B MIPLIGFEAE . 76/ B
Cbl-b ()B4 fEM ] TGF-B 5 S0 Foxp3 * T ETE
Treg Z0MLAYLE 8 AR NBIFFE#E—2AIESE T Cbl-b ™~
SURE AR BT EL4 R i i BAT 73 K it TGF-B
AR I H T 48 M BT b e B L A ) B9 S
N HZE Cbl-b ™"~ 2N T 4 M, TGF-B /v F 1Y
Smad2 BERR L2 BN . SR BER, Cbl-b 7EJH4E T
A0 TGF-B 55 S % rh o2 3 B 2 AE ), Cbl-b
BRI BRI S 2 D) e TGF-B A A7 5 i % 5+

Ae,[ 2425 ]

i) °
6 Cbl-b Tk 5L AT HE5E 5 g 2 9% ) M.

H A i e iy AR N, FEFERZ —
BRI EE T 4HME(C cytotoxic T lymphocyte , CTL ) ;=
A BRI IR e i g BRI S T 2
Jie AN Rk JE TR 5 WL AR s 53 SR A
TGF-B, CTL = A= 2 75 2t TGF-g MIFER , it
TR T 20 b TICREARAS . 17 Chl-b (R 25 BE AN
ZATT T T 40 S e T 32« 1 5, FE s = 2t

AT 5 0 OL T, S5 5 P ) 3 B RE Af Chl-
b/~ T UG I AR KA L2075 R, Chl-b
P T 40 B 1 AL SRR, Chl-b fO B2k REAE T 41 i
XS A A7 Y B A P2 2R R 5 FEUK, Chl-b $8 3
Vavl AYIHE I Vavl 8 ¥ 09 52 28 fil (9 98 B2
F A, Chl-b ™~ T 40 L%} Treg 40 145 B S 28 410 il
AERE

VEAERYRFSE 202 F2 1], Cbl-b /- CD8 * T (4%
AR T CD28 LAl 4 7, IF H g HKHt TGF-B
FIIIRIVE R . R A ST iE— 2B ESE, Chl-b 7~ FLfiE
A RCHE R BRI PE IR, T BEREAR B M g 1 &
R, ¥4lifbiy Chl-b~/~ CD8* T 40 ffl it 4k 55 ¥ 45 E.
G7 g /N, BE R BT A A IR H IR . Loeser
SO HEIE, Chl-b~ BUBEHKHT UVB-E S0 [ & 1k
B g 04 % 4 L 97 H Cbl-b~~ BRAEHEAF K DIC 1 4
Z ORI . I, Chl-b Yk 5 4R v] BE AL R
e K B PR S 8 I B R . B A ISR SR
B, ZE4R P Cbl-b ™~ CD8 * T 4l BEAE IF 15 S s
i 32 AR L T 2k T A0 B JERE MY Aris . AL TEck,
Cbl-b ™"~ CD8 * T 4l Jifd e LT b 988 41 Jif 35 T 1) fe %
Tiif 57, 42 %) B feg 4 B 7= 2B 5 0 i) G % W LA
M.

T 248 JEL IR0 TS 2 1A X A 4 ILAAR TE 3 1) B
PEDNRE R E L EE A, Chl-b T T 40 g 3% A
i 52 4 58 731, B4 38 Cbl-b 13638 AE 1 5 o 2 T
%, Bi 1k B B RER N & A I Chl-b (13881
RERELGE MR B E T M TCREIRS , FT0E A B ek
57, 3 4k%EH Chl-b ™"~ CD8* T 2 fitd Ay it 98 4 3%
RIT AL TR k. (HJE HATXT Chl-b AYAF5E I
i AN A A AR A 2, 76 g Bl ¥ 22 T L oz X
Chl-b HIte 51 % (1431 391 A0 391 04 A B0 ) R el AR 1E 4 7
RS

(£ % C Wk ]

[1] Gomez-Martin D, Diaz-Zamudio M, Alcocer-Varela J. Ubiquitina-
tion system and autoimmunity: the bridge towards the modulation
of the immune response [ J ]. Autoimmun Rev, 2008, 7( 4 ): 284-
290.

[2] Paolino M, Penninger JM. Cbl-b in T-cell activation [ J]. Semin
Immunopathol, 2010, 32(2): 137-148.

[3] Mirshahidi S, Huang CT, Sadegh-Nasseri S. Anergy in peripheral
memory CD4( + ) T cells induced by low avidity engagement of T
cell receptor [ ] ]. J Exp Med, 2001, 194( 6 ): 719-731.

[4] Cemerski S, Das J, Giurisato E, et al. The balance between T

cell receptor signaling and degradation at the center of the immuno-



£ 346 -

rp [ R A iRy 27,2011 4R 6 H,18(3)

logical synapse is determined by antigen quality [ J ]. Immunity,
2008, 29( 3 ): 414422,

[5] Billadeau DD. T cell activation at the immunological synapse:
Vesicles emerge for LATer signaling [ J ]. Sci Signal, 2010, 3
(121): pel6.

[6] Seminario MC, Wange RL. Lipid phosphatases in the regulation of
T cell activation: living up to their PTEN-tial [ J ]. Immunol Rev,
2003, 192(1): 80-97.

[7] Haubert D, Weckbecker G. Vavl couples the T cell receptor to
cAMP response element activation via a PKC-dependent pathway
[ J]. Cell Signal, 2010, 22( 6 ): 944-954.

[8] Wells AD. New insights into the molecular basis of T cell anergy:
anergy factors, avoidance sensors, and epigenetic imprinting [ J |.
J Immunol, 2009, 182( 12 ): 7331-7341.

[9] Loeser S, Penninger JM. Regulation of peripheral T cell tolerance
by the E3 ubiquitin ligase Cbl-b [ J]. Semin Immunol, 2007, 19
(3):206-214.

[ 10 ] Venuprasad K. Cbl-b and itch: key regulators of peripheral T-cell
tolerance [ J ]. Cancer Res, 2010, 70( 8 ): 3009-3012.

[ 11 ] Thien CB, Langdon WY. ¢-Cbl and Cbl-b ubiquitin ligases: Sub-
strate diversity and the negative regulation of signalling responses
[ J]. Biochem J, 2005, 391( Pt2): 153-166.

[ 12 ] Soto-Nieves N, Puga I, Abe BT, et al. Transcriptional complexes
formed by NFAT dimers regulate the induction of T cell tolerance
[ J]. J Exp Med, 2009, 206( 4 ): 867-876.

[ 13 ] Safford M, Collins S, Lutz MA, et al. Egr-2 and Egr-3 are nega-
tive regulators of T cell activation [ J]. Nat Immunol, 2005, 6
(5): 472-480.

[ 14 ] Chang X, Chen L, Wen J, et al. Foxp3 controls autoreactive T
cell activation through transcriptional regulation of early growth re-
sponse genes and E3 ubiquitin ligase genes, independently of thy-
mic selection [ J ]. Clin Immunol, 2006, 121( 3 ): 274-285.

[15]Li D, Gal I, Vermes C, et al. Cutting edge: Cbl-b: One of the
key molecules tuning CD28- and CTLA4-mediated T cell costimu-
lation [ J ]. J Immunol, 2004, 173( 12 ): 7135-7139.

[ 16 ] Zhang J, Bardos T, Li D, et al. Cutting edge: Regulation of T cell
activation threshold by CD28 costimulation through targeting Cbl-b
for ubiquitination [ J ]. J Immunol, 2002, 169( 5 ): 2236-2240.

[ 17 ] Magnifico A, Ettenberg S, Yang C, et al. WW domain HECT E3s
target Cbl RING finger E3s for proteasomal degradation[ J ]. J Biol

Chem, 2003, 278( 44 ): 4316943177.

[ 18 ] Yang B, Gay DL, MacLeod MK, et al. Nedd4 augments the adap-
tive immune response by promoting ubiquitin-mediated degradation
of Cbl-b in activated T cells [ J ]. Nat Immunol, 2008, 9( 12 ):
1356-1363.

[ 19 ] Loeser S, Loser K, Bijker MS, et al. Spontaneous tumor rejection
by cbl-b-deficient CD8 * T cells [ J ]. J Exp Med, 2007, 204( 4 ).
879-891.

[ 20 ] Alcazar I, Cortés I, Zaballos A, et al. p85beta phosphoinositide 3-
kinase regulates CD28 coreceptor function [ J ]. Blood, 2009, 113
(14 ): 3198-3208.

[ 21 ] Krawezyk C, Bachmaier K, Sasaki T, et al. Cbl-b is a negative
regulator of receptor clustering and raft aggregation in T cells [ J ].
Immunity, 2000, 13(4 ): 463473.

[ 22 ] Heissmeyer V, Macian F, Im SH, et al. Calcineurin imposes T
cell unresponsiveness through targeted proteolysis of signaling pro-
teins [ J ]. Nat Immunol, 2004, 5( 3 ): 255-265.

[ 23 ] Wohlfert EA, Gorelik L, Mittler R, et al. Cutting edge: Deficien-
cy in the E3 ubiquitin ligase Cbl-b results in a multifunctional de-
fect in T cell TGF-beta sensitivity in vitro and in vivo [7]. JImmu-
nol, 2006, 176: 1316-1320.

[ 24 ] Adams CO, Housley WJ, Bhowmick S, et al. Cbl-b( -/-) T cells
demonstrate in vivo resistance to regulatory T cells but a context-de-
pendent resistance to TGF-beta [ J ]. J Immunol, 2010, 185( 4 ):
2051-2058.

[ 25 ] Harada Y, Harada Y, Elly C, et al. Transcription factors Foxo3a
and Foxol couple the E3 ligase Cbl-b to the induction of Foxp3 ex-
pression in induced regulatory T cells [T] 7 Exp Med, 2010, 207
(7): 1381-1391.

[ 26 ] Chiang JY, Jang IK, Hodes R, et al. Ablation of Cbl-b provides
protection against transplanted and spontaneous tumors [ J . J Clin
Invest, 2007, 117( 4 ): 1029-1036.

[ 27 ] Stromnes IM, Blattman JN, Tan X, et al. Abrogating Cbl-b in ef-
fector CD8( + ) T cells improves the efficacy of adoptive therapy of
leukemia in mice [ J J. J Clin Invest, 2010, 120( 10 ): 3722-
3734.

[ S EHE] 2011 -01 -14
[AxHmE] #

[fEEEH# ] 2011 -03 -05

0 D

KR EBR

TP = AR 255 BRI RN T woeeevveeeeeneneeiineeeinens
T HFEETCAE L RBAGER/AT] veeeerveeeeiinneeeinnees
EESH PETT BT PR AN TT] cvvveeeeenneeeeennneeeinneesinaens

0 D



