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I. 5 %% (Abstract in Korean)

TCR A=l &8 T g9
Mind bomb—1 ZA} Z& 7|79
sk A+

A% d
Ay 383
Agojsta st Aedssto et

Mibl & Notch ligand ¢] endocytosis & ZZ3s+= E3 ubiquitin

ligase = Notch A& AE9ol A9l ZAAto|t}. Notch & Q13 F+

FAA AEZ7F AEstE Notch AlE7F ojdA T YZ o] ks
n| X =7kel] o] WA Utk FAAY A¥EoA WE = Mibl ©]
Notch ligand & Zdsto] T HxZGo] B3lo] S m k= o)

HT HuEQoh AT T "X G dAdEdEH= Notch Al

il

=

ZA3sk= Mibl 9 7]%0 taiAE= obx wal A ubrb glvh T & X To

TCR A=Fo] FolA= A9 Notch ligand ¢ receptor 7} o3

i



o]de dAFE mEor B AFoMe Mpl” vp¢AE o] &3}
Anti—CD3 9} Anti—-CD28 & &3 TCR A= Al T wHEZFofA
s = Mibl o tigh A5 Agslet. gk TCR #F=0] FoA|=
4% Mibl ¢ w&do] ojujst 7]&4& Fato] o]FojA = A& dotny]
daflA Mibl 9 XA RS FAbet. 1A B9o] EAE=
theFst dAF oAk Ag H9 T NF-«B ¢ NFAT o F53}o] 7}
AAAE HElst A Mibl o #d <fo] FhAhshe e AT
Tk XA =AWl E ol§stel NF—«B ¢ NFAT A3 H¥9&
Solqoz WMPAZ WElE Ae §, 43 a4 FAHE HFE T

E£74 F9o NF-¢B ¢ NFAT 7} HA} QAEA 7)5ds

il

stttk o]y AMLES wigo® Mibl & T XA TCR
Ao o8] WY NF—«B 9 NFAT 7} o]& x4d3vE= A&

Bk bdss

#Ao]: Mind bomb—1, CD4 T HXF, CD8 T H=ZF, HA}F Q1A

NF—-« B, NFAT,

8 2012-20301
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III. A ¥ (Introduction)

Mind bomb—1 (Mib1)> Al 7§¢] RING domain T%& 2t

ubiquitin ligase® Notch ligand®} A3$3}o] ligand® endocytosisE

zAsh=

12
i
o

ZFA 2}tk Mibl9 7] zebrafish® loss of

o

function A% E3 Notch Az Ayl Aol H Rt

(Schier et al., 1996) 1 °o]% 342 A& np¢-29 34 BAS Eg)

=~

m

Mib1¢] Notch ligand=2] ubiquitinationS +%3t%] endocytosis®S &

o 71ty+= Aol &4 A ). (Itoh et al., 2003)

Notch A% Hdge A F AXeld 2z Id¥=  ligand,
receptors &8l o] Fo|Am, Wao el ME v A (cell fate
decision) ol 93 vkl B Ho9lt}t. (Crowe et al., 1998)
5 Eo] A, Notch ligand= ©A 709 jagged—1(Jagl), jag2, Delta—
like ligand—1(DIl1), Delta3, Deltad® <&#] 91 °™, receptori Y
7N Notchl, Notch2, Notch3, Notch4® -5 o1#] 9lt}. Ligand$}
AgS o]F Notch receptors= Al W9 cleavageE %3 NICD Notch
intracellular domain)® Z&#x]A ¥t} NICDE HOo=®E  o]&3}o]
RBP—J x &} §7 AAIAZ A 2A-g38ko] Hes, Hey$t #2> 574 w34
= WA TE (Yuan et al., 2010) ©]2 3 Notch Az @& 34
ol 1 Notch ligandE endocytosisA| 7]+ Mibl2 ligandd = = &

#glo] Notch AT ADe] 49 28RN 7)5atHe o] wawo]g)
1



t}. (Koo et al., 2005)

o AEZQl A A Al Z o= Notch ligand @1 Jagl¥ D47} 235 1
Atk FAG AZoA Jaglo]l WHAHE B CD4 T HZF & IL—4,
IL-5, IL-13S F2 233= Type 2 = T HZF(T helper cell 2)
2 Egstt) ojghis W2 A4 Aol A DI47F HEEE Aol
IFN— 7 (Interferon 7y) & #8]3}= Thl (T helper cell 1) % &3}

t}. (Amsen et al.,, 2004) ©]2]

2

|5 A AEe T g A3}
+ Notch A&7} A= CD4 T ®=Z4-9) F3lo] JaFs vxA Aok
= S w7 98 CD4 Cre; RBP—Jx 7' 2 o] &3 A3o] A3y H )
th. CD4 Cre B34S mp92F o] &3] RBP-Jr & A|Aste] CD4 T
YIS TCR A=S Fo] wjekst 49 Th2 #3292 Ago] oA

¥ 9t} (Tanigaki et al., 2004)

=

HTo Asol dehd, FAG AFEAAMED ofyEt T HEFME

i

Notch ligand7} W& %™ T "FZ G319 Notch A& ddo] o]Fojxit}
= 7o) <& A r}l. (Palaga et al., 2003) Anti—CD3%} Anti—CD28
SE TCR A== Fof vAS T dZ75 widsts 25, NICD7F &

HAu= Zo] BuFEde =3k T =39 M¥ H3lo] Notch A3 7}



g 3slth= AR S Notch receptor? cleavageE <9Ask=  GSI
(gamma secretase inhibitor) & *gsle] Lol k=t AAAE
stAl S A elekA] &2 dlzTel s MY E37F AAEHE Aol B

TH Ak CD8 T HZF9 75l % Notch A5 dgo] o

)

g 0]

ko

rir

A7 A E A=, TCR A== 9 CD8 T HEFE w|dst=
749 GSI(gamma secretase inhibitor) & @ 3lH S wout A% =

A EAel ¥ EZH (perforin) ¥ ZWA} (granzyme) S W= CD8 T

o

ZI7F ade dAe]l RauEdu AAFoR Y AlEES o=

dre 3ER AAZ F deAE UEFe AESAGAL

b

(cytotoxicity test) & A3} S wlo| = Notch A&7} #A|AE H-F A
EEA Yol dasEE S Fdskt (Cho et al, 2009) FAE o

M wpe- AR e} Bl dt d4bo] Wl TCR A== 7 CD8

HIEF7F dasts d4S ekt (Kuijk et al., 2013)

HoAgAol ] ¥l wWoly #AEd Mibl o J|ES T €EF9

S

marginal zone B #3X°] Wyl d & Miblo| Notch Als & x4
thi= Ul&o]t}. (Song et al., 2008) T3 X4} A EoA Mibls A|A

g].oﬂ @tslo] /\gz_]

e

F9 e o, T =79 Type 2 £ THIFEI)

off

o}

rr

S Byt (Jeong et al., 2012)
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2

o] o]FojFth= ol AFES ANE uFgOE TCR A= Al A H
+ Notch A&7} Mibl& &3l o]Fox= ZRIAE F7H4o=® vs|a
2k sFdet =gk TCR A= A T #2719 Mibl o] F7hske 49,
olg]gt Mibl¥de] oujst AAF xS Fall A= ZAJAAE s}
Aok 54 A9 Lek Cre; Miblf/f vhg-29 B248 7)o oA

Aat7] Qe 2T vke-A¢l Miblf/f 9 plSAE B

Mibl ¥dS #%

r



IV. A48 A5 % "W (Materials and Methods)

IV—1. Mice
Mibl SAA9] okZof JoxP H-= A1 Q= Mp17 nper= B
AGAofA olHde] AZESTE (Koo et al., 2007) Ao AgE

Mip17f upo- 2 Aolu7] 93)|A 73 o|Are] Aol v ApY npo-

A5 wHiEkith Blojw vk AES 35 o, 5 RSt 28 &
ThA] AFSEQITE Ao AFR S vl A= 850 125 Alole] Mip1”,
upe-Aojty, RE nk9AE= B9 BackcrossZF 10W o]; dsf %)

BE vheas Asdigus sy A Faae]a (120704-2-

Dol A AR T

IV—-2. T lymphocyte preparation

T Y9I dolu7] 3, CO, BEFE ko] 85 ol el Mibl” v}

o
[
1o
.
1
=
il
L
o
_OL
38,
i)
=)
—o
[
1

R W WAGe] F A
zAolMe] YEAL 2] dojuidrh vhy2e RS Y A7k A

Ao} A=Zolox 4749 HEde Frhor dojuglon, A

A7) Y8l HEAES cell strainer 40 pm)oll €2 F petri dishol

A 10ml FAE] doj® Zol 232 vkl =5 15ml9



FHO & 5 AdTE AAs] Sleid AdT & W3 (NHLCL
0.16M, 1M Tris—HCIl pH7.5)°llA 53t inverting & 33} ). v
A% CD4 T PEZ49 v]ds CD8 T BEF 0|99 & FH9 Ax
g AAs7] 984 (B220, CD11b, CD1lc, CD25, Grl, DX5, Terl19)—
Biotin Ab (Biolegend) % 3023t @4 etgith. & WMo PBS A% £,
negative sorting= 3l Streptavidin ~ coated  magnetic
beads (invitrogen) & ¥ 5 20% &9t 4ToA] Inverting = F 33}
ATt A el 16ml FEE 22 ¥ 53 ¥, bead’l €017HA $EE &

L7 A% &9e vE TR &3

IV—=3. cell culture

ohg-2ol A dofl T Yz 3e] TCR A=

tlo

F7] YallA 37Tl 1A
7+ E<F 1gG (10 ¢ g/ml, Biolegend) &} anti—CD3 (10 x g/ml, Biolegend)
£ coatingAlZ] 96well plateE ©]|E43F k. CD4, CD8 T HXF&E 2—

3 A

=

N

4X10%6cells/mlE 7} Ado] A

i

¢ 10%° FBSS%
antibiotics, 2—mercaptoethanol®] 41l complete RPMI media®lA W}
SFAI AT Anti—CD28(1 £ g/ml, Biolegend)< anti—CD37} coating®
wellell solubled Ael® A dl520 2™, inhibitor A¥olA Erk
inhibitor+= 30 #M, JNK inhibitor, IKK inhibitor, Cyclosporin A+ 2}
ZF 10 MO 352 T HEX 45 vjokA H T}

EL4 cell line (Bt=r A EF 23)2 1X10%6cells/ml ©]A+H2] H]Eo] ¥ XA



UE = subculturedt™, 10% FBS, antibiotics, 2—mercaptoethanol©]

Al complete RPMI media®l A Hj kst o).

IV—4. Site directed mutagenesis

Mind—bomb1%] promoter®] <£A]3}+= NF— ¢ B, NFAT binding site?]
F7IMEs WA Qs XA EAWHo]  (site  directed
mutagenesis) & A8t} Mind—bombl promoter ¥l luciferase
reporter gene©] £A|3= vectorE template® A3+ PCRS A3
ot A7 LGE ] $1% PCR 2422+ 95T 2%, 95T 30%,
55T 20%, 72T 3% (25 cycle), 72TC 3&9 zZHolH, distilled
water 37.75 11, DMSO 2 g1, ANTP(10mM) 1.25 g1, Primer (10pmol)
2 prl, Pfu forte(enzyomics) 1 g1, Pfu forte buffer 5 xl, template
15ngS WAl T Mutagenesis?t o] F{ A A 2 templateS A7
3171 9138, methylation ¥ DNAE A2+ Dpnl enzyme= PCR
productel]l  37CelA  1AZbEt Ak, NF-«B, NFAT
mutagenesis°l AHE3 Z2H9 primer?] 97] Md AR= vy g
NF— k¢ B forward

5 CCGTCGCTGTAGCCCGGCCAAAATATCCGGGGCAAGCGGCAGAG 3’
NF— k B reverse

9 CTCTGCCGCTTGCCCCGGATATTTTGGCCGGGCTACAGCGACGG 37



NFAT forward
5 CCCTATTCCCGCTCTCGTTGCCTAAGAAGCCTAAAAGAGTGTG 3
NFAT reverse

59" CACACTCTTTTAGGCTTCTTAGGCAACGAGAGCGGGAATAGGG 3’

IV—=>5. Transfection

Luciferase assayE F&st7] 9siA, B6 w204 spleens % =3}
o strainerol|A] Zo} splenocyte® Uit Ad+ JFo HIHE ]
g3le] RBCE BT AAg ¥, PBSEZ F ¥ AHS ystsich. vkt
EL4 cell= PBS & F ¥ AlH3E H, cell counting= 3t shhe] =71
5 welle]l 5X10%6cells/well®] 2o 2 HjFEd 4 Q=s 7479
cell'55& FH Fh

)3t cellES 5X10%6cells/100 17} E%== T buffer (Invitrogen)
Z resuspension@ th. Mind—bomb1l promoter vector+= 5X1076 cell

of 15xgl 2, B—gal vectort 5X1076 celle] 5pgo] HEE cello]

of

resuspension® o] Q= T buffere} At 37TColA 3 A7k Zot
anti—CD3®E coating¥t 24 well platel st welld RPMI media 1ml#
d=t}k 10019 gold tip(Invitrogen) &% 5X1076 cellE FH3t H
EL4 cell& 1080v 50ms lpulse®] F7H O =%, splenocyter 1400v
30ms 2pulse®] =7 2% microporator Neon MP—100, Invitrogen) &
o] &3t A4S (transfection) & Al 3F3ATE microporatorel4 100

8



1l gold tipg o]&3] FANYe] & celle> 7 wello] ¥ojx o,
inhibitor 28 A] Z+Z}+2] inhibitorS o] vjekA]F t}, InhibitorsS ¥

= & A7F &, anti—CD28E A &8+ t}.

IV—6. luciferase assay

Luciferase reporter gene®| ¥3%% Mind—bombl promoters &4}
At cellgS 24 AIZE Fb vjgkst & Aojuiglr}. Celle PBSE st
= O

Az 3k %, 1.5ml safeseal microcentrifuge tubes®l] cell&2 %74

passive lysis buffer 150 #1 % resuspension s}t Ab&oA 20%

EAb}

¢ 7L 13000rpm o2 154 Fob FAAZT AT AT dojuol
96 well white plate9} 96 wellell g welld 70 1 ME Wtk 96
well white plate®l+ luciferase substrate® 70 p1® ¥i, 96 well
plate °l& B —gal substrateE 70 pl A @3lv. SFagsr A3}
(Luciferase activity) S =743}7] 98] microplate luminometer®] 96
well white plate® ¥l AZ S =483tk B —gal activityS =743t

7] 93l Elisa readers ©]838% 450nm °A 9 3t ¢Jojuiqith.

IV—=7. Chromatin Immunoprecipitation

IgG2} anti—CD37} 217} coating® 24 well®] platee] 5X10762] EL4
cell& 2mle mediaolA 2zt =19 F well® 24A1%F vl A 2T
15mle] tubeel cell& Aol ¥ 37%2] formaldehyde (sigma)E 550

9



w1 ¥l 9mle] RPMI complete media®s W th oA 103t

T3 1200rpm bm 4TC9 ZASZE HAAFHTE A

ofj

Ae W

AC)
=

protease inhibitor (Millipore) 7} 3 7}e PBSZ Al&H-& Algstdrt. 7t
AZo 50012 4 HHE ¥ F, 30%2] amplitude® 30—40W %

QF sonicationg Z &3l 13000rpm 10m 4TC2 Aoz HAHAAZ

1.5ml HFH2 AMZo] Protein G Agarose beadE ¥ 1l 3k AJ7F E<t
preclearing=< 21383} th. 4000rpm 1m 4 CollA HAAAIZ FH, A=

S Hol 1xg9 1gGe 2xg2 p50(abcam), NFAT (abcam) &A=
invertingsl™ overnight® % F3It}. 3+ AJ7F E<F protein G agarose
beadE Yol 4TCeoA invertings 83t ©]F low salt ¥ ¥, high
salt W ¥, LiCl ¥#, TE WH2 FAMHE bead MAS X AeF3ith
Beadoll A3Eo] e @Az DNAE HFAE "Hojrmglr] 8A

Elution buffer (20% SDS, 1M NaHCO3 in distilled water) & FH]3s}o]

—

MZ ol gttt @Ay Adro] Q= DNAES Hojrg]y)

) o )
A

9k dAl = NaClE ¥al 65CeA 5A17F &< & ¥, RNase AS

A2l&ta 0.5M EDTA, 1M Tris—HCI, proteinase K & ¥ %, 45C

il

o] A 2A1%F EeF T3tk DNA = %3l 342 phenol chloroform

7} chloroform< o] &3fo] %3&}9ic}

NF—-« B2 NFAT A3 F8&5 SFHFA717] 938 PCRS o] &3+ oH

10



(94C 1m, 55C 1m, 72C 1m), primert= th5 ¥ 2T},
NF— « B forward

5 GGAGAGCGAGGTTTGCTG 3’

NF— k B reverse

5 GTCCACGAGCAGCCTTTC 3’

NFAT forward

5 ATATGCCCTATTCCCGCTCT 3’

NFAT reverse

5 GGAAATGGGGCTAAAGGAAG 3’

IV—8. Western blotting

wjekst T Y X5 Proteinase inhibitor (0.1mM NaVOy, 0.1mM DTT,
2 1 g/ml.  aprotinin, leupeptin, pepstaitin)7} H7}E £ HH
(150mM NACI, 1% Triton X—100, 1% Sodium deoxycholate, 0.1%
SDS, 50mM Tris—HCI pH 7.5, 2mM EDTA, Sterile solution) (RIPA
buffer, biosessang, 10t#R0211823]) ° ¥ F, A Ao} AF29]
ol w2 ¥ A9ge ol W RkEslth 13000rpm 15m 4T

N2 F 4

ofji
12

ukS 2o} Bradford assay & T =
S5 SASALE 10~20 g8 @A S 10% ¢ SDS—polyacrylamide

gel o] =9 ¥ wwas

s

4

IAIZE 30 &<k 300 mARE

H

Polyvinylidene difluoride membrane®l| transferE A|3sFA T 5%

11



skim milk = 3A]zF &9F A4  blockings Z RO

ftlo
N
N
N
N
1o
o

(]

membrane A2 A S 4 ° C overnight <+ RES-AIFATE

d2elM 14

o
off
o

2} peroxidase—conjugated ©]x}&A| 9} WEES Al F

©° 1 West—zol plus (intron) 2 7 &3} ).

IV—9. Quantitative real—time PCR
Rneasy micro kit(Quiagen)= ©|&3lo] HjFst T ®HZFofA mRNA

£ F=39Y. 1rg® mRNAY oligo—dT primeret SGAALEA

(Promega, Madison, WD) & #7}3sl] PCRS &3l cDNAZ W33}SI .

ZH]¥ cDNAZE SYBR green PCR kit(Quiagen) & AF£3to] qRT—
PCRS A3t g —acting 7|22 Z}7Fe] mRNA 23 S

normalizationd}3 2™ Z+ZFe] primer 971449 R = L3 2},

Actin forward

5’ TCATGAAGTGTGACGTTGACATCCGT 3’
Actin reverse

5’ CCTAGAAGCACTTGCGGTGCACGATG 3’
Mib1 forward

5" CCTACGACCTGCGTATCCTG 3°

Mibl reverse

5 ACCTTTCCTCTACGCCCATT &

12



V. 23 (Results)

V—1. TCR A=) 93] T HEZ A Mibl 3 Notch A& #HAH
TRAAEo] EdEE

Mip1"”" np9-2o) A dojdl Nalve CD4 T WX -9 CD8 T © oA
Mind—Bombl FAA7} WA =45 &<ls)] B otrh

2 oAFAoME M1 w29 A4 AEZelA Mibl¥ Notch
ligand7} 2@ E 1 gtk AFAS waustdnh. FAA AlEe4 9 Mibl
o] &S Golr 7] sl Mx—1 Cre B4 A% vp$-~9 Mip1”" & W
Hjato] A4 AlEolA MiblS A AT Miblo] AA® FA4F A

9} Mib17f ©) CD4 T cells &7 uj

o2
rdk

AL CD4 T HZF

N
—_-

Type 2 E& T HIF2 E3tH s Ao A7 248 vs AMdS &
oldtl. (Jeong et al., 2012) T HEZF AT FAA A E} vz7bA|
Z Notch ligand®! Deltal, Jaggedl, Jagged2 ©] T HX oA 3L
3l Qtp= ARAo] dE A 2tk (Singh et al., 2000), (Hoyne et al.,
2000), (Kuroda et al., 2003) CD4 T ®ZFo|A TCR A=< F3l
Notch intracellular domain (NICD)7} ZF7F3tths AR o] 1 1= Q)T
(Adler et al.,, 2003) ¥3F CD8 T HE oML vp7kA 2 TCRASS
F%& w Notch intracellular domain (NICD)”7} <7}8F#, Notch

receptor cleavagesE A3t GSI(Gamma secreatase inhibitor) &

A2 3t9S wo|= NICDQ Z77} dojupx] 9= i Apalo] 2z oy

13



A 9t} (Cho et al., 2009) CD4 T #3042 Notch Al Ao tf

rok

odaks ool 7] 9 a4 Notch ligand$} Ad3le] Notch ligand)
EndocytosisE 53k Mibl9 W& dolR et} Nakwe CD4, CDS8
T #®>xFe anti—-CD3 9 anti—-CD28<& &% TCR Aol FoF&
o Mibl & S7H7F doye=rtE ¥s]7] 9@l Western Blotting @}

quantitative real—time RT—PCR<S R8s}ty 1 A3}, CD4 T HX

T2 CD8 T ©EZFo|A TCR At=ro] A& ¥l wel Mible] ©@wa ¢F
o] Z7}stttE= S dolulth. (Figure 1A) waiz okyl vl wsl HQF

= W, mRNA?] <2 TCR #Ab=o] Fofxl o]F, 18A|FFe] Xk A4 o]
A 7 B Tl o] Foe Lohfiglth (Figure 1B)

Mibl3} ZAgsk= Notch ligand® 2& kS quantitative real—time
RT-PCRZ 48 A, Jagged2o] Nake T 3¢ TCR A=<

=13

F7] o] FE

4
ot

Ha s & 4 A (Figure 10)

14
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Sti

Mib1

B-actin e Jon—

Relative mRNA expression

Relative mRNA expression

(Mib1/g-actin)

aCD3/CD28 aCD3/CD28
Oh 12h 18h 24h Sti Oh 12h 18h 24h
- Mib1 - —

-

B-actin w= = - a—

CD4 T cell CD8 T cell
9 L 3 -
8 4
7 i 2-5 -
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5 .
4 4 1.5 4
3 - 1 4
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0.5 =
1 4
0 - 0 -
Oh 12h 18h 24h Oh 12h 18h 24h
CD4 T cell CD8 T cell
200 - 130 -
190 - b 120 + b
- -
—d - —d -
20 -« 20 =« O Naive
mCD3/28
10 + 10 +
o _ " —-i _
Mib1 Jag2 Mib1 Jag2
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Figure 1. Mip1” wh¢-29] T YEZFolx Mible wdo] Azkef

w2} S7Fsk R

(A) "H% CD4 T HEZH9 CD8 T HITE anti—-CD3%} anti—
=il

CD28% % TCR A=< UL w, Mibl2 ¥dS Western blottingS

o)
o
o
O
o
e
5
=
(on
—
o
>
Fi
2
i)
o
olN
N
=~
Ol
ok
r1r

HAd= HEhl 244]

(B) (A)oMe} e A3 7oz F33At. mRNAS 23 oFo] A
ke w2} S7bek 184170 AwkS w] Mibl19] mRNA & ofo] 7}
2 =t} (n=3)

(C) (A)A & A8 o w 4359 tF TCR AH=ES 244

Y
O
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A2} S0 93] FAFETLH WA By = WA QAAES HuEy] g
3], TCR AF=+o| &l W& = x4 5422 Interleukin 2 (IL—2)
o} #HE HA} AdAELS FASIY L TCR AF=o] Fojx|= A9 v|&

A NF- ¢ Be Adsta el v@A 4B o 1B 7]volAlzt 243

o] <latslyt MaHE ) Qlatsle] &, 1B NF— ¢ B9} Halxw, &
gl¥ 84 NF— B T 929 IL-2 dAF AREZA s 544 2

t}. (Gerondakis and Siebenlist, 2010) ©]2} w}x7}x]2 NF- ¢ B9} &
Al TCR A=ell &3] T ®lxgola &3t He tiazl dAab Ix=
+ ERK, JNK, NFAT 7} 3t}

dl 7HA AAF QIAES oAM= 42 GAIAIZE Mible] el o
§3 JEFS F= A Loty Yl anti—-CD3%}F anti—CD28E AF&-3}

o] TCR A=& = CD4 T HEX+9 CD8 T HX oo &7 g

o

3 Rt 24A1%F HF vkt o] %, quantitative real—time RT—PCR
£ o]&3to Mible] Td & <okt A3, ERK AA|ek INK <A
e CD4 T P28 CD8 T HEZ 9] Mibl W&ol IA 435 FX
U= O AS doluidth Wb NF— ¢ B o AAIQD IKK A A<}
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NFATZS 9AA1¢l Cyclosporin A (Cys A) = A g]3d}o] wjokst 2-¢-
Mib1¢] W& oFo] AA FAsh= AS & 5 Addo. F JAAY AY

af Fell A el Mibl

o] Wt s FSASUAN, F AAAE A AHstHEE e o
AA TS At 7o AN o]FoAXTE AL AT & AT
(Figure 2A)

NF— x B¢ NFAT7F A2 Mibl ¢ AAF 1x=2 2-g3kn] zbzbe] o

|

AAE g A% Mible wde] FAist= AE AT

<13l
Chromatin Immunoprecipitation (ChIP)& Al&3st3itt. 1 A3, TCR
79 Mib19] ZAle]l p503 NFAT7F 242 &S m 3k
ARew, JqAAE A Agole= 7

A @127 Mibl

o) G A3tA Eahe Mible] uhal

o

o] FofulA] RFrrh AR

S dolgl}. (Figure 2B)
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Figure 2. NF— ¢ B8} NFAT SAAE AL B9 T HEZFoA

Mibl9] wdo] 7+Aastyc),

[d

18A17F &<t TCR A=

i

(A) WA= CD4 T =+ CD8 T H=F

S Fo] wjkA A i, z+z+o] o AAE A sk IKKigF Cys A

_I

= Ay sled wjeksl= A9 Mibl19l mRNA 9 oko] F7)slx] b=
A& #FsAT (n=3)

(B) Mibl FZX1 A9l AAFIA7F NF— £ B9} NFATQIAE dolr 7] £3]
EL4 5 wjoFsle] ChIPS 333t TCR A=+& F+= 249 NF-«B
9} NFAT7} Mib1FxA 2] HAF Atz 2hgshm, 747Ee] AAAE A

2 et A AARIARA Y] Vss FREA Kok Ade € g Y (n=2)
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V—3.Mibl9] %14 %3] NF-kBS} NFAT ZZE37t EA s},

NF- ¢ B8 NFAT AAIE AHelste] CD4 T ©xZ+%F CD8 T HxZ+

i

i
e

Hjj <

F= 749, Mibl19] w&d oFo] A7 wiitoll, Mibl FXA K

o] NF— x B8} NFATS A7l A5t 2 2o}y ot}

Mibl =x1Ale] ow st MAF IAZF Afet=AlE Lotr] flsiA, TF
search (http://www.cbrc.jp/research/db/TFSEARCH.html) & (Zhang
et al., 2002) °]&3}3ltt. Mibl F314](18:10725202-10726546) ¢
FAA ARE dHyste] Ay E A3}, 5° UTR (untranslated region) ©l
NF—¢BY 43 et F4 5+ (putative binding site) F$7F &
AstrhE e ¢ F ANk (GGGGAGTCCG) vhRH7FAZ NFATS)
Age 7bsAdol =& H9 (Shin et al., 2007) 7} Mibl FXA9] 5

UTR o EAsth= AS & 4 Ak (TGGAAA)

T AAE QIRFe] g F-97F EAEE AS dohdigiy] wiel o] A9

4
o
il

A A7

r1r

%’ /gx_ﬂ t;sdo] OEIO{Q—X] %}‘0]- Miblgl 1?___]—@0]

)

N
[Py

e AE Gohiy] alA $AHoE AY $9IE AFAINE A

oo

S A3kt (Carter, 1986) pGL4.28 ©f Mibl =%
HWEe] NF-«B AZ FHw%s WIA7)L(GGGGAGTCCG  —
AAAATATCCG, MT1), NFAT A F9vks HPAIZHTHTGGAAA
—TGCCTA, MT2). B3 F Aol AyA|st axs Yeld=A <o}
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HE A3s A8E7] Yaid F a3 B9

il
%
>
(i
ofl
>,
o~
i3
i)
i
2

2t (MT3) (Figure 3)
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Translation

NFAT site NF-kB site Codon ATG
TGGAAA GGGGAGTCCG

-1001 -996 -290 -281 |

-1101 1

WT —— TGGAAA — GGGGAGTCCG Luc
MT1 —— TGGAAA — AAAATATCCG Luc
MT2 —— TGCCTA —— GGGGAGTCCG ——— Luc
MT3 —— TGCCTA —— AAAATATCCG —— ] Luc
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Figure 3. NF— ¢ B¢} NFAT A3 HE #HIPA 7] HES

At

A 2ts}

XA ZAWolE E3] Mibl =ZA o] &A= NF— ¢ BSH

NFAT 43 F9&5 HIAH O
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V—4. Mibl Z3A| 42 NF-kB¢ NFAT Z3 AH3|E Mible
AAE ZAaA .

Mibl ¢ W&o NF—«B ¢ NFAT 7} AA} Qg2 2838k & Q=
As gl 7] g, AAZ Mibl o FZA| F$olA NF-«B

F= A& @33 g4 (luciferase)

off

¢} NFAT 7} AA} olxpg odss 423
o #A3tE 3l olF Lorrdth

3 Mibl %14

ol
=

EL4 AXZF2F B6 vF-~2] Splenocyte®s Z2b H]
7} 2Fel®l ME]E Microporators AFEale] A FEQ AL [

o} A F9lo] F ZF AEZES anti—-CD39} anti—CD28E %3] TCR

A £ F 2443 & ket B, TCR A== T4 %< I1eG o
Zod Hlwskgles W g 540 G4 Foklve e #elsi

oA AFE-3E IKK 9 AlAI 9} Cyclosporin A & 84 F

2 O
o
o
(lr
iV
:“i

o
rok
Ad
it
)

Aefste] wet Aol TCR A& FAolE

Faro 93t 1gGhe A ste] TCRAFS FA4 @& 23 Hl%
& sEolgs 22 FAT 5 Atk (Figure 4A)

Mibl FZA F-¢Jof] £A8t= NF— £ B2 NFAT 23 ¥95 A7
HE S A2 7] dEo] (Figure 3) ©]& o]&3lo] WA A +
Aol Bolxdo® NF- B2 NFAT HAF QxpEo] Agat=AE Lo}
Bt EL4 MXEF2 B6 v-29] Splenocyte & 4|8t [KK <A
Al¢} Cyclosporin A & #glsto] ol A3} wpx7ix 2 g4 9
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gk 7, anti—-CD3 ¢} anti—28% ©]&3sto] 2447t &<2F TCR &A=&

o

Fook AAA Ay AL vigowm Ars Ax PZo] EL4 MEF}

ol

Splenocyte ©l NF— ¢ B$& NFAT A {27 Mised Weg =S 33
Ast A, g a4 s TCR A= FdEte F7sHA &+

= e gdelst 4= oy, =3k KK AAA9F Cyclosporin A EF

%A A 9 ARARs Prs A ¢ 5 AU Figure 4B)
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Figure 4. Mib19] 2d2 NF-kB% NFAT AAL QJAAE T3 o F

oA},
(A) Mibl FHA 95 st Ay & o] gt &g ask st A
S 3 Ay AAA IKKi, CysA 7} Mibl @& AR} (n=2,

representative data)

(B) Figure3old #|23t 9xx4 Zodwo] #WEES o] L3o] Mibl =
AA NN NF— B 9 NFAT7} AAF QA=A 2L3=22 <o}
worth W F4 FAE) A Sdwo] WES A Ak

st A SR e S skt (n=3, representative data)
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V-5.NF— ¢ B #Zd& Mibl f329 ArE F7HIZ
NF-«B o AAAQ IKK GAAE o] & -5 Mibl FXA4 F

918 g ma G Hgacste AS FAssV] el NF-

(L

(B 2 3hd Al7]= Agel= vl Mibl fAAte] dAbt &

715 A s,

NF—« B p50 3 p65 o F 7FA] A B {07 o]Fojx Qlt}.

(Handel et al., 1995) ¥ AH %< 37 Aatsto] NF— ¢ BEA] 2
7154 F8s7]) W] p507 p657F pcDNAS3 o zHz; Aelw wWE =
s=nlskd . P50 3 p65 7F Mibl & #A} elxpz Zg3h= FS oo}

HE ARG 7)o %A F HETE A 0" EL4 A EF] FANY

At (Figure 5A) 1 A3 5 Wy B5 JA4Q) A AdH oz 24

oo FrhArhe AL & 5 ULk

P50% p657F &2 AUA EL4 AEFA It Es= 7S g2l
7] wj & olzd S FEI A AAZOFE Mibl A9 A
A7V 27 s A S &1t EL4 A XS] p50HE 9F Mibl XA

b AIIE MEE B G Aiske] 2447 B4 kS AgsHt,

24 M3t o] % g mae] BAF3E Lok Ayt TCR A== FA =4
[gGRbs A3t tizx=ao] viste] &3yt Srhdtve= 2ls & 5 33
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th @ pe5HE S Mibl WEE @71 9 FYss 5w p503)
PR 24AZE W F, 1gG BhEEel w2t Fbate

[e) A~

32

o}
P50, p65, Mibl A2 A 7kx] WE)S 2% A et F-¢ols
P50 3 p65 & 717 B ASle A% viwasigle W, 2@ me B

2

se) $7} ol o Art

iy
o

o 5= 9tk o] p50 I pb5 F K

L

T 3d A7) A9 NF—«B Z+72+9] B f43o] Z7}ste] NF—-« B
o7 AL F = Thedol mokRy] wite] olel whep wF dmA 3

7
a7 AU Eatel oa F7b HGThs ANE F3 5 th

ol

(Figure 5C)
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aCD3/28 + - + aCD3/28 - + - +

CNaive

3 1 HAct
2.5 +

2
1.5 -+

1 -
0.5 -+

o T Y

p50

WT p65 p50 p65

Relative luciferase activity

31



Figure 5. p503 p659 #FLdAL Mibl F3AY AALE F7HAI T

(A) EL4 M2l p503 p65 HES & F43t 4, p503 p652
W3] o] Z7}39 =4S western blottingeS E3 2olx gk}

(B) Figure4$} 22 A3 Wy oz Mibl X471 Al #E el p50,
p65HEE ZH7 FH Fget A Mible] HAF S7kske AE

shelet.
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VI. 22 (Discussion)

Notch A% g2 AT F Axelr dL¥e Vo=, st 7|d
8

A2 He Wk oA2] Notch A3 g9 dgte g2 Ax
(macrophage) olA <A ok 24X ©hekst Notch ligand 2}

receptors Wt glom FH A= 53] D47} @ol i

—

A1 k. X AES  (lipopolysaccharide, LPS)ol 2af] & 5=

<
t}. o]& %3 proinflammation®] WASIY A5 #TH EFl INOX,

PTX3, Id1¢] 2& ¥}, (Fung et al., 2007)

»

THA W WA Notch A5 e 53] #4244 AxEe}t T §
Egel A Ae® delAd Qlrh Notch ligands wdshs 4]

A} A 3E7F Notch receptorE @ést= CD4 T €3] Notch A3 &

N

Adsls A 1Ad4= CDA T €X37F &8 T AEE 235 E= 3
ligand®] FFol wet 37 2d 9. 24 AlE]A Notch ligand

Ql JaggedE 3sHA W CD4 T HEZFE Type2 55 T HEI 42
33



w3tE ™ Delta like ligands Hdsk= A9l CD4 T HEZF7}

Typel &% T H2X4=2 F3d}t (Amsen et al., 2004)

THA W gkgelA 9 Notch A& AL F2 T fEZFoA Ldads)

= Notch receptoro] FE3}o] Notch AEE AEWQre uf T Y=z

7F om e FEFE WA HEAE HE A ARVF gifEolt Rt

Hol AT ARES FTHE BE T HYEZF A% Notch ligand7} %
™

T X472 Notch Als o] 93] thokst & Alo)

ConA & TCRA=S FWA CD4 T ¥ 39 CD8 T YEZFE 7H7}
Hjekeh= A, Notch A% o] oAAQl IL-CHO & T #Z79
gjekolo] AHelats w ool vlste] AE FAo] Fhidte dAS
wel R 9tk Ed CD4 T HEZF9F CD8 T HEZFo PMAE A

g]3lo] mjokst A IFN—y & 2dsl= CD4 T "9 CD8 T ¥

I FAO AE FA B A S Bkt (Adler et al., 2003)



= ATFAFNAME o3t Hus3 npxt7ix]®2 CD4 T HiZ-¢F CD8
T ©xXFof TCR A=S 9 Jagged27} Hd s = S ##3 5+ gl

gom o] E3] T HZ17} Notch 2132 & 4 9= Notch A&}

Notch A&  Hddo A9 ZFAA Mibl> Notch ligand?]

s
EN

endocytosis 3= E3 ubiquitin ligase® <& A Qlth & A2
N Mip1”" wi2% SR AZ AAs] FAF AEdA
Mib19] 755 #alnt ok A4 A4 Mibls A7 skd CD4 T
YIS Type2 HZE T Axe F37F A€ S Huskth. (Jeong

et al., 2012)

A AENAS PR T WL MiblE SHF 4B
& 7 olgp/lgiEth TCR Ao Folal F AZke] wheh Mibl9] 2
ool Z7kety] Mol T PLT7t Notch AEE & 5 Yt 482 o

= ¢ Mible] %9 2AAEA JTs & Aol F5HTh

4

=)
o
[
el
=]
=
ol
3%
il
>,
—
o
[k
4
=2
>
Z,
(@)

o
jon
>,
fols
r>4
(il
o
=}
rlr
o,



m$- A (Hennet et al.,, 1995) & Mip1” vk-$-~9} wujstA ¥¥ CD4
T "4 CD8 T FEXF BF MiblS #AAS 4 o) vpe~ wd
& S8 Mibl& AAs AP A = A9 A LREHJED FA
Ae AHEE AR Aoz o JEs AFES AT F S

Zolel 71 E

Cre ¥4 A& w25 o] &3d] Mibl& AT ZAE s 492
B i o AREe A A Tbedel gk Al WA The
ews AxsAed 9F= v Zlelghs ZIdolth Noteh A2 A <

AAZE A A CD259 wHado] ZFAastd o, A 52 sk 1A

¥

g AE & 7 Atk =3 T dEZ oA Notch A5 ddo] Alo]Ed
D3 (Cyclin D3), CDK4, CDK6% Z434 Notch7} Ato]&# D3 £
A el ejsith= Abdde] whe A qlth Ate]E® D39 CDKA4,
CDK6& AEF7] FollA Gl7]el #ofsh= &4 5017 wWlEl Notch
ANz} G1/Sel dFS Fv FIFHoR T LT AX F243 B4
o} Q= Havt k. (Joshi et al., 2009) weba] vfg-A RS =
8 Mibl& AAsE A9, dAAE ol&3ste] Notch 4155 A8

= "ok vRb7A 2 CD259] dde] EojgwA IL-2¢ wigh WhE-o

Fam 5 9 golw o] sttt mak AEF A Belshis v
e AIE F7) A DAL gaTh AX FAel JBL v Uz

Lol wstel AEIL FAsE 57t FaT Zelge Zlrt shsskth



F WA JtsACeREE CD8 T ¥X19 7]%9] Notch A&7} #ojst
S5 Qut= Azrolt), w2 CD8 T #X o] Notch 213 A 94
2

Al GSIZE AYstsE 24 2aAdy HE

et al., 2009) &% CD8 T X o] GSIE Agdte] Yehs dA&

mﬂ'
0{|
iy,
B
iy
ﬂ
s
=
)
9
%9
rlr
=
®
%2
2l
G
>~
2,
ke
It
oX
(bl
i
e
[181_'4
1o,
=4
N

7} ¥ CD107a%F 2@ A e M E7F 7HAEE Aol YEelA 9
o}, (Kuijk et al., 2013) o] 3t AR & vt o =z A7t RS w, T

HE ol Mibls AIAE RHAME Alx54d s9< Yelye CDS

T Gmel a7k 9 Aol ool st CD8 T AP )
> ol 719 M9 #HEE Notch Al HAEe A2 effector
memory T Tofl A Yebdt CDS8 T HXF7F A AT w2 A =

Ado] W elA wrgel Fisti @RS BT olHd A%

Notchloe] @&y 3 = AAAAQ effector memory T HX 5 CDS

T "HEZFE AAE vhs-2of oldsidle o Ao theh &efA] whgo]
S7hke Zle dEd 5 vk ARk ol# e A Qo] T =
o] 7191 58] Faw QA3 AAXA, 7ANEES] AE F2Ho] 7iH
= A= obd e mbb Qv B9 V9 AMEe] £ e

central memory T A|XE9} effector memory T A|3EQ] F3}3}7 of A 2
Zpol7F ojuw st 7] 2ol o)) dojif= A% ofH7kA] &Als] ¥zl nprt
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glt}. o]l= effector memory T A3 Notchlo] ¥WaEH = APAS

Hleto 2 Mibl A7 w922 Fa 719 T A% £3tg Ax S

o

T
= dSolth. A Axe]A WE ¥ = Notch ligands°] T 2=

T AYE EUE B AFHAME
Mibl& A AZA AAS w92 BES o] §sto] 3 44 2
g5 Fshat gty 1 A3 Mible] =% T 929 #3 4o F
st Qlo] "tk AS WelA HA=d, CD4 T HZFoA 8] Mibl 2
HHEE Bt JEFE vE F e Aolgk AZbdtt. o= Notch 7}
CD4 T HZFoA GATA3S odo] &S vt HiE EUE
A=53 = F A=, GATA3E Type 2 i T 2279 E3to] I
= A= AAF IAFE, Notchell 98l GATA3S] W&ol 47| T

of o]#]3t orto] 7}ttt (Fang et al., 2007)

Fra] ®AA, Mibl> T HX oA W& %= E3 ubiquitin ligase®

Notch ligand®] endocytosisE ZA3%t}. CD4 T "X 9 CD8 T ¢

o

77} TCR A5 % 4§ Algbo] Aol wel Mible] #@eko] &
7VahAl ft. o]l gk Mible] &2 NF— ¢ B8} NFAT 7 AP Q1Al
o3l o]Fojxitt Mibl1e T ¥

QA9 4T obzhA Wz Hht

ot B AgAe & AFE Mibl & Lck—cre 34 Ag vl A9}



Al wEjstel T HEXF oA e Mible AAE A= 7HAL o

o] Fal T HZF°lM2 Mibl 7= 2 + & Zlolgt 7Idd
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VIII. &%= (Abstract in English)

Study on the regulation of Mind bomb—1
Transcription level in T lymphocyte

Induced by TCR stimulation

Joo—Yeon Kim
School of Biological Scie nces
The Graduate School

Seoul National University

Mind bomb—1 is E3 ubiquitin ligase, critical regulator of Notch
signaling, that regulates endocytosis of Notch ligand. Notch
signaling determines multiple cell—fate decisions, especially
development, differentiation and tissue generation, through Notch
signaling between adjacent cells. The study of Notch signaling how
dendritic cell affects T lymphocyte differentiation has been studied
extensively. In recently, it is reported that Mindbomb—1 expressed
in dendritic cell regulates T lymphocyte differentiation. However,

the role of mindbomb—1 in T lymphocyte has not been defined. In
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this study, Mib1”' mice were used to gain T lymphocyte in order to
looking for expression Mibl in T lymphocyte. Expression of Mib1l in
T lymphocyte is increased by TCR stimulation. Promoter of Mibl
gene was Iinvestigated to find the mechanism that control Mibl
expression. Furthermore, the NF— ¢ B and NFAT binding sites in
promoters were suppressed by inhibitors and decreased Mind
bomb—1 expression was detected. Through site—directed
mutagenesis, the vectors were generated by mutating NF— ¢ B and
NFAT binding sites and the role of NF— ¢ B and NFAT transcription
factors were confirmed via luciferase activity. After inducing

overexpression of p50 and p65 NF— «# B subunits, we found that

NF— ¢ B directly regulates the E3 ubiquitin ligase Mib1 transcription.

Based on the aforementioned findings, we found that Mibl is
induced by TCR signaling while NF— ¢ B and NFAT play a role as

transcription factors.

Keywords: Mind bomb—1, CD4 T lymphocyte, CD8 T lymphocyte,

transcription factor, NF— ¢« B, NFAT
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