P ] %

#xKc—19

N H |

HEMREBREEX (BEHRERDE) ARARRESE
PRk 2 54 6 1 BHUE

HEEES : 14401

HZEiER - EBHHZE (O)

MELM: 2009~2012

EEES 21590533

MEEREERL (1) #HIEME THEICEITAFoxp3 comp | e x DEEHT
HZEEEREL (FEX) Analysis of the transcriptional complexes containing Foxp3

MERERE
X& skt (OHKURA NAGANARI)
KRKE - REFIOUTATHERZ— - $FEESE
MEEEZES : 20300949

WFFERCROMEL (Fn30) -

HAEE T M (Treg) 1, SR HE MEAMER IS HHOMIARETH D, AWFETIL, Treg Do LAY
K1 Cd % Foxp3 IZVEH L, Foxp3 855> 7' Ly 7 A& T 5 R 7 D RIE Z 5 T2, fki,
HIEIME T A OREBEICRI D DN T & LTH ) LA —HF A ¥— Satbl & T M4 EAYEL 5N 1
Belllb % FWNE L7z, Satbl i, ilfEIE T HIRZIZERD DAL 2 FERBY 72 A F AL S H — U TERL
\ZETH Y Belllb i3 Foxp3 IKAFHIER B HIENC ME DK - Th > 72, 2 B OFER N S Foxp3
1%, complex DAERE TG U= Gl il 235 Z 72\ Treg MHTEMEZ FHH L CV0ND Z E 0385
mElpoi,

WFIERRROBE (30

Regulatory T (Treg) cells engage in the maintenance of immunological self-tolerance. The
transcription factor Foxp3 has been recognized as a master regulator of Treg cells, yet
the molecular mechanisms by which Foxp3 controls its target genes still remain elusive.
By characterizing transcriptional complexes containing Foxp3, we found that the T
cell-specific transcription factor Belllb and genome organizer Satbl were important for
exerting Treg functions. Bclllb—deficient Treg cells lost suppressive activity,
resulting in the development of severe autoimmune diseases. In Satbl-deficinet mice, Treg
cells lost the Treg—specific DNA hypomethylation pattern. These results indicate that
Bclllb and Satbl are essential constituents of Foxp3—containing complexes for exerting

Treg—specific transcriptional regulation.
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ZRET D & EMEGIIT D A R uE
INEEEE, HOWVTRIETED 2206,
Treg O, HREAIERAEIL, PUREIRZ 5
WO DAREMENR S D, Ll Treg Z4hHHY
IZar hr— L9 o5, FERITWEESE
FftENTE LT, BRISHNRZ TV,
LIRiFk 4 (X, Foxp3 &4t L 7-HR Gl 12
DT, AML1/Runx1 2% Foxp3 & #b& LER G-
BT 22 &2 5002 L7z Ono et
al., Nature, 2007), FE7-OMFHERIND
H NFAT X° NFkB & OfEG B HE ST D
(Wu et al., Cell, 2006; Bettelli et al.,
Proc Natl Acad Sci USA, 2005), L22LZ
5 DERE R FEEIL, Foxp3 & ORFTHIFEA
B Z 1 1 OIS TRIZIZHE E 720, Foxp3
(2 L DEGHIHO T OBMARIZIT, Foxpd &%
i LT vy 7 U SNTEE KRS
complex DEFAZPME L. & O HlfHEAHE %2
epigenetic R LA GO THLMNIZL TV
SWENRH D,

2. WFEOBK

AR, Treg DFA, pbD~ A & —fHfilfHig
5+ & LT, BERT Foxpd MNREIEINT=
(Hori et al., Science 2003), Foxp3 MD3EH
1% Treg (CD4+, CD25+) (2 FIZFRIE &4, Foxp3
DOEFHFRBUZL VEFO T Mg Treg ~
LBETX 5, Foxp3 1L forkhead HY#x B [K 1
THDHZEND, DNA ~DOEHENEGZN L
THRGHIE 21TV, Treg ~D o3k HilfH L T
WHEEZBND, LLADEZ A, Foxpd
A LI AT, AR RS T O LR,
T cell receptor (TCR) FEIKAFHIBEAETE I,
A —HINIZ B T 5 ER L OA QRG] #
& ARBREDBE, T OHIEIA T =X L
DOFYIIL, Treg DL, EHORERRE
OBRIZEETH DL T, REKEE
ROMEMENESS 2t 5 & L 72 AIZE D BR 7 IR H
T& D, £ ZTAMIETIE, Treg DEKALIT
BL2RR G A O IR B 52T 2
ZEHHME L, Foxpd &% L L 745G il4H
complex D4yff, FEL ., ZOHIAHA T =X
LOfRZ BfE L7,

3. WHED Tk

Foxp3 FEHUTFED 2 IRHBESCA B AR R w
BET D720, MERFOHEEIT Foxp3 &35
T&E LMk OBNL 2T R Lz, ZHU,
doxycycline |2 & YV ZBLFEE DS AIHER tet—-ON
system ZFHTHZ LK VITo T,
FLAG-tag Z {4/l L 7= Foxp3 % tet—ON system
WKV FERTL2=y FEHE L, Jurkat
FlZ AR T EAZ B 2720 B 7R A
AT MRERR 2 BINE U T, AHERE 2 REER AR L,
Foxp3 FHH#FHEE% . T cell receptor (LLF
TCR & W&) P A N A . Foxp3 complex %



Jurkat HEFEIPNIZ ISV THHERL S B2, Z DR
oMNrOEEZ L., REEICLD
lysis # genomic DNA Z[EEHIIZ 2RI iE
L. e, HEHRFTEE T2, anti-FLAG agarose
beads |2 X Y Foxp3 % & 1p8iE: complex %4y
#t 7~ Beads 1285 & L 7= Foxp3 complex I,
FLAG peptide Z VT beads 2B L, 7
Utnw— VEEARBEMEICLY S5
Sy L 72, 43 L7z fraction (IMDa—200KDa)
% SDS-PAGE J&PH#% . MALDI-TOF-MS F7-i%
LC-MS/MS 2 & VMR & /3 7 B Z AR IR TE
L complex # % L /N B DRITEEF Z 7o
7o ZIUHIEIE LT7ZKFiE. Foxp3 & OFHA.
TERZ & SR+ Th DM HOWTEF D
LRRIEZEMZT=DH | Treg ~D 41k,
effector MfEL~OIHNENE, LT Treg B
WK A~ — T —, A M IA 2 BBER
T DR BLHIE~D B 52>\ T & il Z
72o & BT Foxp3 BEREFE B~ BB /Re X
NIZBIETFIZHOWTIE, BB TR~ T AT
TNEAF L, Treg EREFBLUZ B 1T H & EHINC
DWTHRT 21T o 72,

4. WHIERR

ABFZETIL, HIEWE T IR ORI A 7R
BRI T Foxp3 |2 H L., Foxp3 s 5=z 7L
> 7 ADRGE, T 25l 2 OfEE .
BLOHIEME T MIROMRETREL, HbiFE,
A T AR A A B R T RBUC ED K H 1T
BHboosTnosONEHLMNITHZ L% H
Byl Uiz, HESHTIC X Y [FEE L7 Foxps g
B complex W1, HilEE T ML OEREIC B 2
HREMED B H K F L L T genome organizer
Satbl & Tl lele S AIHR G A+ Bel 11b % [Al7E
L7z (1), BEMiaici T 2 mRHEBLR T
1%, Satbl 33 X O'Bclllb I Foxp3 & KA1z
fHad 52 LAVRENIZ, Satbl ZXET D
~ U7 AT, HAEYE T RIS i D R
HIZR A F AR Z — 2 DIER L, Treg #Hil

BREDN Kbz, SHIZZDOY T AT, K
R THIEANIZ I T Foxpd FEBIAFE N TLHE L |
CD4+ T #2560 % Foxp3+ T fHlaE s 1
AL Tz, Foxp3+ T MR ZBAFET D
bbb T HORERBERIET 52
LG Foxp3 B TIE Treg INHFEREFR BLIZ
FAR+0THDZ PRIz, F7HlH
PE T ML CHREEMIZ Belllb # KRBT 5~
AT L7558, Z O~ v A% Foxp3 KB
~ 7 A (Scurfy mice) & FEF (L > 7= R
Mz L, AREOEM T B Ca ik E a2 I
LEEIZEST- (M 2), S HITEEFHRBL S
— % Foxp3 KIH Treg & Belllb K3A Treg
L TEWFEES AR L, Belllb 1% Foxp3 12k 5
IR GERENCHEDOK A TH D Z LB B0
L7257, Belllb IX Foxp3, Runxl & E.K
complex ZTEfE L. Treg HERERELICE D A
OB REEIE A~ DR EBRO DT,
IHIZZO~ T AT, HAEET MaNICE
FoVA DA OIS THY M
HIES 1T D CTLA4 OREBUK T HFRH 5
Nic, THHDOFERIE, Foxpd (ZIKF LT
FIHEICT, EROLERFAMLETHD |
IO OHIERTEY Treg MBIHERED %
HINDZ NP LMNTRoT,

1. Foxp3 Z&TelrE complex D4yEfE, 7
Ut — VB EAREZE LY complex &
Sy L (x i) | A% SDS-PAGE 12 X v ik &
VR EEER LT (y i), 2405 O complex
225 Belllb 38 XU Satbl Z[AE L7,



Cbfp CKO (n=6)

100 FIC (n=6)

L
i Bcl11b CKO (n=6)
e
3
@
Scurfy
(n=6)
0 T T T T 1
0 10 20 30 40 50

Days

2. Treg ¥rEMIIC Belllb KB+ H~ 7
AR HAEFIAR, Belllb K~ 7 AT,
Foxp3 K~ 7 A (Scufy mice) &HALL L7244
FH#R %27~ 9, Cbfb Z KRBT H~v U ALY
ke —/L (FIC) ~ 7 2T, BFEMEITERD 6
AWASTAN

5. ET7pggFam 5
(WFFEERAE . IF7Eo 8 O848 (2
=)

GEEEams) (BR1214F)
Development and Maintenance of Regulatory
T cells. Ohkura N, Kitagawa Y, Sakaguchi
S. Immunity. 2013 Mar 21;38(3) :414-23. 4%
)

T cell receptor stimulation—induced
epigenetic changes and Foxp3 expression
are independent and complementary events
required for Treg cell development. Ohkura
N, Hamaguchi M, Morikawa H, Sugimura K,
Tanaka A, Ito Y, Osaki M, Tanaka Y,
Yamashita R, Nakano N, Huehn J, Fehling HJ,
Sparwasser T, Nakai K, Sakaguchi S.
Immunity. 2012 Nov 16;37(5) :785-99. %% &t
FY

Treg cells acquire new directions,
cytokines navigate. Ohkura N, Sakaguchi S.
Immunity. 2012 Sep 21;37(3) :443-4. A Hc
L

Correlation of mutant menin stability with
clinical expression of multiple endocrine
neoplasia type 1 and its incomplete forms.
Shimazu S, Nagamura Y, Yaguchi H, Ohkura
N,  Tsukada T. Cancer Sci. 2011
Nov;102(11) :2097-102. Z i A V

Maturation of effector regulatory T cells
Ohkura N, Sakaguchi S. Nat Immunol. 2011
Apr;12(4) :283—4. FFHeME L

FOXP3+ regulatory T cells: control of
FOXP3 expression by pharmacological
agents. Ohkura N, Hamaguchi M, Sakaguchi
S. Trends Pharmacol Sci. 2011
Mar;32(3) :158-66. & FHi A 1

HTLV-1 bZIP factor induces T-cell lymphoma
and systemic inflammation in vivo. Satou
Y, Yasunaga J, Zhao T, Yoshida M, Miyazato
P, Takai K, Shimizu K, Ohshima K, Green PL,
Ohkura N, Yamaguchi T, Ono M, Sakaguchi S,
Matsuoka M. PLoS Pathog. 2011 Feb
10;7(2) :e1001274. & Hi A Y

Foxol and Foxo3 help Foxp3. Ohkura N,
Sakaguchi S. Immunity. 2010  Dec
14;33(6) :835-7. A L

Regulatory T cells: roles of T cell
receptor for their development and
function. Ohkura N, Sakaguchi S. Semin
Immunopathol. 2010 Jun;32(2) :95-106. #Ht
FY

Indispensable role of the Runx1-Cbfbeta
transcription complex for in
vivo—suppressive function of FoxP3+
regulatory T cells. Kitoh A, Ono M, Naoe
Y, Ohkura N, Yamaguchi T, Yaguchi H,
Kitabayashi I, Tsukada T, Nomura T,
Miyachi Y, Taniuchi I, Sakaguchi S.
Immunity. 2009 Oct 16;31(4) :609-20. £ F¢
EE)

A novel modifier of regulatory T cells.
Ohkura N, Sakaguchi S. Nat Immunol. 2009
Jul;10(7) :685-6. A Fe7e L

MEN1 gene and its mutations: basic and
clinical implications. Tsukada T,
Nagamura Y, Ohkura N. Cancer Sci. 2009
Feb;100(2) :209-15. & #iA Y

(%K) GH41h)
Ohkura N et al. Epigenetic conversion
defines the regulatory T cell lineage. %
41 [A] B ARG R4 2012, 12.5 . AHA

Ohkura N. et al. Epigenetic code for the
development of regulatory T cells. £ 40

5] | Ao 524s 2011, 11,27, FHE. AA

Ohkura N. et al. Analysis of epigenetic



status 1in regulatory T cells. 14th
International Congress of Immunology,
2010. 8. 22. Kobe, Japan.

Ohkura N. et al. Indispensable role of Runx
complexes for regulatory T cell function.
1st SIgN-IFReC Joint Symposium. 2009.6.17
Singapore, Biopolis

6. WFFTkHR

(1) WFrgeFRE

KA k. (OHKURA NAGANARI)
KKK « a7 a5 4 TR &
— « FHTHEHIR

FgeE & 1 20300949

(2) WFFE55 4
L

(3) HLHERTTEA
mL



