RAFBRFHERMEE (v M) A - BAERSHTEY)
SEMEREE

Kirre /v 770 b= RAOERICET AHE

- ERRE BRE® EAXERN SLhRTFERFEE FEBhES

MARE

Kirre (32 b o —<filgic R BT 2BEREAHOF Cire e isie 2 &5+
DHFELTHEELEZAFTHD, Kire DRBIALILE MBI EITTS -
EEEZLNDBHAOEN= v Fi LUBRREIICITE M IR DT A D L
LTHLNATWAE AGMBIETH B, DI LikKirre BEEEICBWT &Mz
BWITEERBX R LTWAZ EAFRLTWAS, Kimre 23 vive Iz BT iz &
DL DL RBET S 0)73#%%6 PDZT BB v I T b= ZROER

ZIToTWW3,

A. FEBH

EmEMiao 8 CEiEE2XET S
Sy TFOBESTFLEEILASD
mKirre (Nat. Immunol. 2003)® / v 7
TU M AR LENTAZ L,

B. HF %k

mKirre ¢cDNA #7702 —7{Z L T
BAC A7V —%R7 Y)—=r
L. mKirre BEF% 3% BAC 7 o—
VEHEE BAC /7 o—rBIU<w R
BEFTF—F#_—2%Y L2, mKirre
BETFEOHIREESE~ » SRR L
Teo ZHZE D EIZ, mKire Bl F0O 7
2E—F—fEEBSIV0EI s Y
% neomycin Aty FCEBRTAHLD
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WE =TT 4 v TR F—%TFTH A
YUER L, BEZ O ST 4 v
Iy ¥—% El4 ES #ilgizc L b
R L— g o TEA L, AR
AEEFERLSEEICAI Y —=
L9003 =—% - 48
FHZEZEITE bR o T,

CITI =TT 4T RTF—%
TEL, ATGD L Z AT Lacz B
AFAA L HEY FEREALED
YA M7 7 MOHIERCL ES MRl L
7 bR —3 g CHEAL, FRIE
HBEREERAZ V== LTS,
EOIE—= 7 VDRI Lox-p ¥
A FEEAL, Varv R —X Cre T
Lox-p ¥4 MIikEh =52 BiT 5



LD LRI F—HiFEL T, 12
Wz ES MRAOESE BIEL T3,
HA 2 ES MRS TE AT,
ES H#If3AN T Cre &3 IH &8 T mKirre
DBEFEOLDORETS ES s
BT 5, TNEDRIF—T ) w2
T =y ABER T E T mKirre
DFEBFEALIZED Y IZ LacZ AR T
DT EIIRY, AT TR IRNT
mKirre DREILELLZ LT bRk
RUAINDITTEI ZENTES,
(fFEE~DER)
_ZETOMETIHE oY 7
NEERLTHRWY, & hod 7
ZRRATHGERERFOGAESE
ZEEDEEHIIE-> T, EYEFizHHA
Z2iTV, RAEFBIBEL WL,
BN BRIV TIL, Sacrifice 7%
EEDOREEELoMVITH e Ky
(FlzwvR) IcERmEELRVWES
WEET 5, ¥ 1EI—EOBER
ZEICBMU TEH! ;ﬁff%b&rﬁ_@
BExFo,

C.HIERELEZR
2OBDIF—FT 4 TRy H—
T800/u—rv&AZ Y —=
LTeid, BfEE CICBRMEAE 2 E1X
wTohvTwiaw, Z—45 4 o )it
LWEEBEFETHY, 49 2280%
— T T T R E—TRAT Y —=
VTR T AL EBIZUTOL S

—
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W2 lox-p DFZEFIB L3 2BD Y —
TT 4Ty 8 —%{ER LT, BE
DEZ—=FT 4 TRy Z—ZBNT
RREDHD SAIOT — A& @TT 7=
WIZ, bO>—E BAC 5475 ) —%
AZYV—z=v7 U, loxp A bBL
U LacZ ZFALT=F—FF 4 =
77— LTz, BE, 207 ¥
—TES MDA s V—=1 7 %tk
T2LIATHD, ~TueyARE
RTENERERNSREFIC T T
Kirre XBMT LM 2R T 3,

Kirre iXB#O=>F L Bbh 58T
IZFERLTWVWED, BIZBWTiiasR
R, ETMAESICIT AGM B
& X migrating myocyte IZHRE LT
V35 Z & A3\ in situ hybridization #£3 %
VI RBEREBERIZL > TRBENT
W, TNENDRBRBLE ~T o~
DATHRTDIERIZ, v 27y
b= 2Tk Kirre DEERNIZBITS
BREZMA Z L BHEEN S,

AER
REETIZ/ v I T e T 2D
ERRIC R LTy,

D.

E HBEREK

1. BXFER

1) Ono, R., Nakajima, H., Ozaki, K.,
Kumagai, H., Kawashima, T., Taki, T.,
Kitamura, T., Hayashi, Y., and Nosaka, T.
(2005) of

Two-step model



leukemogenesis in multiple lineages by
dimerization of MLL fusion protein. J
Clin. Invest. in press.

2) Urano, A., Endoh, M., Wada, T,
Morikawa, Y., Itoh, M., Kataoka, Y.,
Taki, T

., Akazawa, H., Nakajima, H., Komuro, L.,
Yoshida, N., Hayashi, Y., Handa, H

.» Kitamura, T., and Nosaka T. Infertility
with defective spermiogenesis in

mice lacking AF5q31, the target of
chromosomal translocation in human
infant

leukemia. Mol. Cell. Biol. in press.

2. BRRRK
D MRS EHEALFICEIT A0
MR HREEEAF o TEK
(PDGFRA) DfEAF HREEeHE, &S
E, MR—, THEEZE, ERAE,
FERA, BIEE, BIREE, HEFH
(%5 66 [B] H RMRFSHRE - 5 46 1
AABRRMRFESRES, 2004 £9 A
17 H—19 B)

2) “BEREET NVFRE AV MLL
MEERIZL D BB RIED LD T
HORT SER— PEFH, BIF
B, RBARE. )IBEIT, BEE.
A EEE, KB, BIREER (5566
BB AMERFRBE - 5 46 [ B KB
FRIEEEHRE, 200498 17 B—
19 H)
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3) MLL-SEPT6 ft & & B it
homo-oligomer Rk L, {HEMTENE
BFor o —POEETIZAML
RRELHFETD I HE— T5F
B, RIGEHH, RAEE, )BT,
EEE, G, KRS, BRER
(5 63 B R AEESFIFRSE. 2004
£9 A 29 )

4 NERBEEEERLFICEIT S0
AR RIBTER T o A A(PDGFRA)
DERMEN WRIEXE, BEE. %
B— B, BIREE. RS (B
63 Bl B AEFLEFMRE, 2004 £ 9
A 29 8)

5) MLL-SEPT6 Rt & E BIX{EH A0S
BFuyrdr—¥L@imicatt
BhAERIET D ABE— BIRE
B, BEE, HMEH (20 BEA/D
R—AEAFES - 8 46 BB A/NRlik
=, 20044 11 A 21 B—23 H)

6) B FREA~VREZAWE/IIRE
R MFREEREFOBERENT &
BFELE]. EMEARL, TEE L, FiEs
Bic, AMmE, REE, BEZ, B
BFH, PE—-L. F)IEHE, SHE
B, MEH. EE, R, Bk
Bk (F27E B ARG FEMFRES,

20044F 12 A 8 H—11 H)



F. A EHOHE - R&ERE
1. FFRFEF
2L

2. ERHFERE
L

3. T ofth
mL
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RAEGBRFMRBERGS (BN L - BERFEHRELE)
SA R EEH

ISF OIEEERENTICRE T AT
SHEMFEE 5 FHH EREKPEERETER BT

HRES

TORSRY T Ty b ISF O EEREERT &7, ISFOTT b 8
VTR EHR IR EREEER LR 21T o & 25, ISF AR TILE
HRAOXFHEENE LS ETLTWA I EMHBALE, 202 &3, ISFIRE
RBEICX DGO FFEOHERII IO MR THBEBICEKELTWS D &
ZRU. 7O bR TENUHIREN D 2 WITHERRN/ANEE® pH 20 2
NEOREEBIZEREIL TS LHERIN/, £/, ISFBLU ShIF #FEL
TW2 MBS SHIE L7 RNA Z W T cDNA 1 7 07 L — @i 2T,
ISFIBFFERIZ L D HENELT 2B ETF &L TTIMP-3 & SFRP-1 2FIEL 7=,
BBRIR W Z &1T, ELZHRHRED 5 TIMP-3 12 Ang-] SEBEEL. 7035
FNENHTHIEMHLMER S, E-. TIMP3 %5 \\Wid SFRP-1 &2k
REBE LSS,/ silRE < ACEHMBETAE NS OO ER
FEIFERIZIEL /KT L TW=, SFRP-1 12 Wnt DRREHNISIEF S L TH S
3. Wit BEOMG 20 L TEORMABOBCEMEZNFIL TS EEI 5N
Bo MEDIZ EXD, TIMP-3 & SFRP-1 1ZF N4 Ang-1, Wnt >4/ )L 2 ]
THIEITKD, EMmEMEEEEEICHE L TWa Z SN I,

BSE2HE - T EEbIC, BE

A. THIEEM IR U ToME - 5 U S m BRI
W MERHIAR (hamatopoietic stem cell: ZEETD, COLDEMBHED
HSC) 13, BEFEHPIZI<DHTNE #iBId, Y1 b1 - MBEETF -~
L. BEHHEZTOILEDBITRT EhHA 2 - EZRF - AT MY v
DIMEHIZ LT 20N ZER -2 VAR E, B2 RAMETICL D HIE
MR TH 2. ENHRMRIEIEHTD ShTwaEEZSNTVEAE,. 20
niche & KIENBH/NREIZEEL., BMNTEMA MO —HIENERT
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REZEZDOTEETH S, BHA
B — AR R A 2E MR - PR -
REAAERE - B 3FMBaT & 5 A2 B0,
SIS HRIZEY Zh S oM &
DRI NS niche ITFEEL, EVWD
M REICRE T 5 M EEE LT
ZNLTHESE (homing). HiLRES
REBN6W-< D LEEERET
DTS, CDXDITEIEICH B
MFARIE, D& mBREEDEE
MEED EHARIZA D niche 215
BRINBEEHIT. GCSF- 11 2
ORALF R EDRIIERAY 1
A1 DEETHE - ML, &&
MIREEZTS, BEDOXSIZ, 2k
O — AR i3 e e & R I 4
HIERULZQBTHES! - 2L - #hEIC
B<Hb-oTWaEEZ N TWVS
B TDHTFAAZX LT DNTIRIE
EAERSMZINTVN,

BADT )N —Td. BB HEO
CHEEAIZZAZODVWTZX ho—
YRR K2R SRR
ToTEEM EEZNICED D58
APO—THREHERTF EL T ISF
(immune suppressor factor) (J. Biol.
Chem. 2001) 3 & T¥ mKimre (Nat.
Immunol. 2003)ZFREL|EL T/,
ISF |36 RIEERBROES > /87 E T,
vacuolar ATPase & XKifhs7o k>
ROTDHTAZy FTHD, Zhz
RERIELA Mo—< T

YA O ST e At T
THZENHBELTWS, —F mKirre
WEEA hOo—<#ifatk or Loy

O—Z &Nz ] EEEENSTF
T, in vitro IZBIT 5 EMEMEOE
B T® S LTCIC (long term culture
cell) ® CAFC (cobble
stone-like area forming cell)% #IfE X 4
DIEEWELE,

AIFR TIL, ISF B & mKirre DR
ME@EUT, BHA bo—<#fifIC &
LEMEBMAERFDODFRAAZ L
ZHASMIZL, DWW T EmEBMIED
HOHEE  5Mb - A D =X A %8
SMIZTHI AN ET 2,

initiating

B. IRF &
I ISFIZ X G MBI g
ISF {2 X 215 M B AR ISIEAS, ISF 0
O bR THEBICKEL TV S
MEINERFT B0, 7o kR
> THEBE & RE: L /= ISF mutant 2 /ERR
UiSIm e A R aE 2R3t L 7=,
(D70 s 2R FHEER % ISF
mutant D{EFL,
ISF @ 755 # B @ arginine % alanine I
ZZ7= mutant T 7O bl T
RERKRbN2ZENMEINTNS,
CDER%Z ISF BLUShIF ITEA L
(ISFFA, ShIFY*SA) | B84 E1E MRtk
MS10 IR T S W=,
(2) ISF mutnat 1Z & 5 i 1 840 AE 5 15



HEDRRHT
NUABHEDSEEL - BHBER
% MS10/mock, MS10/ISE, MS10/ShIF,
MS10/ISF*™** MS10/ShIFF™* |- T 538
EIER L, 5EMZICERL 45
2IAO0O=Z—F vt TEEIFLE
(LTCIC 7w E1),

2. ISFO TS FOHER
HESEE DIFFE TISF Iz L 0 RHEMNE/L
TLEEFELT TIMP-3 & SFRP-1
VR EN, FEEIZNSHTFH
ISF IZEDWRIZHIFZ N TV B H,
XU TFIZRR2 X512 TIMP-3,
SFRP-1 MM IMIZRAEL TS
B =R L=,
(1) ISF mutant iZ X % TIMP-3, SFRP-1
SEI D I
ISFIZ & % TIMP-3, SFRP-1 O B #1!
MISFOTO R R ek E L
TWLIREIMERINTID,
MS10/mock, MSIO/ISF, MS10/ShIF,
MSI10/ISF¥"*A, MS10/ShIFF™** T o
TIMP-3, SFRP-1 OFE %/ —F > F
O b, RT-PCR TH#ETL 7=,

3. TIMP-3, SFRP-1 M ic £7-91&
&)

(1) TIMP-3, SFRP-1 D& Az BT
SRB

TIMP-3, SFRP-1 DAMAE M Iz 3510
SEEERFAT A0, EEREBL
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N5 FUMEIZ L0 & fn s inz
LERHETORE £ GEHAMRAREI
KORFL 7,
(2) TIMP-3 @ Ang-1 > &) Izxtd 3
R
TIMP-3 731 i B¢ 40 i o0 A FR R Eh A
GADEBERFT H-0I0, HhE
ARICERT S RENRY T M
CTHBANGIIIEZZEEBERIL
2o Ang-1 DZFETH D Tie-2 2%
IR /- BaF3 {lf2 % PBS Tt L IL-3
ZBRELZHE, 51T TIMP-3 T 30
B L, Ang-1 THIE U 7=, il
3,510, 15 i TR = ER L., T
AF 70y MEIZT Tie2 DEEY
CEbEREL =,
(3) TIMP-3 & Ang-1 DS
TIMP-3 2% Ang-1 > 73 )V &MHIT 2
DFAANZLEHSNCT B0,
TIMP-3 & Tie-2, Ang-l O § &
BIACORE {Z TR L /=,
(4) TIMP-3, SFRP-1 NIE¥ Mz 5 %
LR
TIMP-3, SFRP-1 QIE#EEMIZS5 2 5
ZEBEZBRFT 5725, TIMP-3, SFRP-1
YU ABMBHRICRE IR, 205
REBHBHEORTRIILE., 5FU
WEL I ANSFERL-BHE
BRIZLbOOAS L ZE2ALT
TIMP-3, SFRP-1 Z IR X &, 5t
HUZELIEZ MY 2 BEHR
W, BHE%Z4 8- 1 25B0KMME



fEYTL GFP #if2 D E|& % FACS 17T
Bz,

C. AR EER
1. ISFIT X2 M AL o 1eig
ISF IZ L 58 MFHIfasEtEss, ISF @
TOrCRTHEZEELTVWS
MEDIMERNT D20, 7ok R
> THEEEE R4 L7 ISF mutant 2 1ERL
LG mE s i Rat L=,
NOABHLD 2L - BB BLEER
% MS10/mock, MS10/ISF, MS10/ShIF,
MS10/ISFF™* MS10/ShIFF* T 558
Fi3tREE L, 5ERIEICE L -/
ZIO0Z—F7vttA THRIFLE
(LTCIC 7 v ¥ ). MSIOISF,
MSI10/ShIF Tl MS10/mock Ik L T
LTC-IC 2371 O fZicEmL 7=oizxt
L. MSIU/ISF*™* MSI10/ShIFR™ i3
mock O3 FEAELBD L=, DL
D, ISF IT X 55 M e Frae i
DD & H—-HITIZISFO SO b2
RTHRENEETH S ZEAHS
N&ERo7,

2. ISFOTHAFOHERE
VESEEOME TISFIC K D BERALE(L
T 5EMETELT TIMP-3 & SFRP-1
MEAEE NIz, FEERINS TN
ISF EEDWMITHIETN TS,
LTI ARS & 502 TIMP-3,
SFRP-1 VERBEREMICRAZL TS
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BEEREL 2,

ISFIZ K % TIMP-3, SFRP-1 D FE I
HINISFD 70 b 2R THREI R T
LTWBENESIHERMNT D20,
MS10/mock, MSI10/ISF, MS10/ShIF,
MSI10/ISF*A, MS10/ShIFF* T @
TIMP-3, SFRP-1 OFHEZ ) —¥ 7
O b.RT-PCR Tk L 72, MS10/ISF,
MS10/ShIF "TliZ TIMP-3, SFRP-1 O&
WA mock D1 04D 1Tz L
TR L., MSIVISFRA
MS 10/ShIFF* T3 MS10/mock ERU
LARJIVZERELTW e, 202 EnS,
ISFIZ K % TIMP-3, SFRP-1 D FEIRFI&]
WWISFO 7O b 2R > THREE A
THIZZEMHASHERS =,

3. TIMP-3, SFRP-1 D& lz g7 4 1%
)|
TIMP-3, SFRP-1 OAREE Mz

FBREERNT B0, ERRED

K6 FUMEIZ L D& fflig 2 m
AT-BMTORRAZ REABRAER
KEOBRA L, EXRETIIBHT
@ TIMP-3, SFRP-1 ODEBRiTIFE A E
O LNEN -7, 5 FUNEL -
BRETHRERZMEOEEMABE T
TIMP-3, SFRP-1 ORE ERNEERX
Nz,

iz, TIMP-3 AU HIAE oD £ 78
MENEICEX 2R EERNT B0
2 EMERICIER T 2 R ER Y



A ML THDAng-11ICE5EZABEE
ZRRF L. Ang-l OZBEETH S
Tie-2 ZFIH L 7= BaF3 {2 % TIMP-3

THUEL 2% Ang-1 THIB L& Z A,

NI UZWMREICEEL T Tie2 ©F O
U BRSO —IZBL LT,
BlEE D TIMP-3 13 Ang-1 >4 F )N %
M2 Z EMHEMEZ T,

S HIZ. TIMP-3 Y Ang-1 231
EMHETEHFAAZXLAEHSH
29 5728, TIMP-3 & Tie-2, Ang-1
Dt % BIACORE IZ TR L, &
NIZE D, TIMP-3 I3 Ang-1 IZBIER
BTHZENASMhERS T,

TIMP-3, SFRP-1 OEEEMIZEZ
DEEBEMHT S, TIMPS3,
SFRP-1 <7 A & MEHIRLIC R X 1,
TONREEUBHEDORTHREIIL /=,
SFULBLEYIAMNSERLE
FREZRICL OV E2AN
T TIMP-3, SFRP-1 ZFE X &, K
BMEBHLELVIPLO AT ZAZE
HHBELE. BHE%4 -8+ 12HD
KMZEFTdaE&, a2 bha—JLic
U T TIMP-3, SFRP-1 %2R L /=41
ROFIE R, 1 218%
K%L TF &R, UELD,
TIMP-3, SFRP-1 |ZIE® 1810 % &1 H]
HTBZENHEM R,

D. ¥&®%
LISF O& el g igResciF A =
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A

ISF IC X 28 B AR X FrRE & IE
Ald, BLEOHMEIZELD ISFO O K
IR THREENLUEERICES D
DTHHIERRASMER D=, ISF
&S0 RS T BRI L
DHMARENEEL. BRTRERD
- (rhasd i B S s V) Rl b )
ZezIERIL, BRELTEME
R TR EERRIC Do T 5
DEEZLEND, LR, BN pHD
ZIZEONF k Bz EDfifan
TrNVEESTFOMENELT S Z
EVHLNTHY, COEIRAHZ
ALWEELTWBAREE D H 5,
2. TIMP-3, SFRP-1 {2 & %5 11 #3408
WHEE O TR

ISF IZX D RBESMFI ST NE 5T &
LT TIMP-3, SFRP-1 ZR[E L. Z
NENFOREIX, 5FULERRED
EMFEIC LD EMBMRD =y F
ELUTHASN S BIFMMREEZ PO
WWRBERERLUEZ, —H. TIMP-3 i3
B R RIEREBICREODET &
UTEERAng- 1 DHEEZNGH TS Z
EMHLMERD, THIE TIMP-3 &
Ang-l DHEZEREZNTA2LDTHS
T EMNRBEN. E/= SFRP-1 1,
EMEFAROBCERETEL T
S35 Wit DZEK, Frizzled &4H[F
HEFTHINEEEFTHD, Wit D
REREHFIRTFEEZS5NTWS, B



LE2FXEDHBE, SFUREDEmA
WICE D —BHICENORENE
&, B OERBHE-y FizB
WT TIMP-3 3K TF SFRP-1 ORI A
ERU.ENEN Ang-1l, Wt 02 45
& —RERICHIfT 5 Z &AM 5
LTz, ZHIZ X DS MBHERITR
EREED SHIFEEAICA B & & Bz,
MRENECERN S B - b
ETT L REDORTERMM - B3
REEMMD EEZLNS,

18 TIMP-3 3K X SFRP-1 /v
D7 NROUZAOEN R E LD, &
NEFTOEBNTOREZESIZ
oML T EA N,

F. BiEER#

1. EXRE

1) Tonozuka Y, Minoshima Y, Bao YC,
Moon Y, Tsubono Y, Hatori T, Nakajima
H, Nosaka T, Kawashima T, Kitamura T.
(2004) A GTPase activating protein binds
STAT3 and is required for IL-6-induced

STAT3 activation and for differentiation

of a leukemic cell line. Blood 104 :

3550-3557

2) Fukuchi Y, Nakajima H, Sugiyama D,
Hirose I, Kitamura T, Tsuji K.: Human
placenta-derived cells have mesenchymal
stem/progenitor cell (2004)

Stem Cells. 22:649-58

potential.
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3) Walkley CR, Purton LE, Snelling HJ,
Yuan YD, Nakajima H, Chambon P,
Chandraratna RA, McArthur GA. (2004)
of

requirements for an RARo mediated cell

Identification the  molecular

cycle  arrest during  granulocytic

differentiation. Blood, 103: 1286-1295

2. o

1) Immune suppressor factor (ISF) 2 k&
LiEMBMEEO A= XA B
EFEY, BFHT. BibHE EE
LAt 2t (B4 MRS - BRI
=R, 200449 H 18 A)

2) Immune suppressor factor confers

enhanced  supporting  activity  for
hematopoietic stem cells in bone marrow
stroma. Hideaki Nakajima, Fumi Shibata,
Yumi Fukuchi, Yuko Goto, Miyuki Ito,
Toshio Kitamura. (The American

Society of Hematology 2004.12.4-7)
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FEFBRERERMDE (L F 5 o - BAEREWEEY)
BT SER S &

Kirre DAFISSTUEL 7 4 — A DRRTE L URBICE R R b o—- M
DI« WL 2230 BORNIZ BT 575

SEBREE EHER EIRNARLF-HER =8

mEEg

A bR —<HRICRRT A s HoOPCiEm i T HgeEs 545
7F & LTRIEEN = Kirre DHBRESN T 7 4 — ADFATE L OREICE S R
JZA b o — <R ORER « SInEZ L 8y BB AT 21T o 72,

A. BFREBW B. BF3 5k

Kirre {2 b o—<#a#%k OP9 @ vz AL REETE
cDNA library 200 & 7 F VBRI BB 1 VxRS URENTITBECSRE L
ICTRIE L2205 7 o= bEme&  #H #% (1995 Ueno, JBC vol
IR L IERICBIR & o 270pp20135-42) 12THF» Tz, FERAIE
BEFTHDH, ZOBFIZOWTIXIE  Triton lysis buffer (0.5% (v/v) Triton
EAEGG o TORY, MEEDHZ  X-100, 50 mM Tris-HCl pH 7.4, 2 mM
(LEBWT, BFHREI Kirre OFfE PMSF, 10 U/ml aprotinin 1mM EDTA)
EERTOET, TORBMUOMM W CHABEMLL - % . 50 u g%
REENTE KON MBANIE R EAE D SDS-polyacrylamide gel elestrophoresis
BT 2R A7, AREEIT Kirre 12505 (PAGE)IZ TR
ADUHBFETIENS. ZOHW L. ImmobilonP A>T LA vickE
BMogx—hDYarverr \E/ sy % BT mKirre HLE2\V UH FLAG #ifk,
REHHETLIET, MEMEROY Y M2 (SIGMA #) o T H L=,
YR/ ZERDOREEZR T, -,
VIOTNVEFIBERC TR LN MR LEOSWEEED X FoF
DEEFIALTELAEMRIZS =L ERICEA2HH
WTHRR 3, COS-7 #if% 6ecm 5 4 » 2 =212 1x105

EE WS/ T B, FuGene & (i
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2 ) W THEEFEALE, Zhbo
BETFIZEA AR F A RBIZ FLAG
ZITBEMERTE Y FLAG Hitk
LDV =R R TRBE L
EREEZRHTEBR XI5 ICLTh B,
36 BFRIRIE R EIEXBREL PBS I T
2 FH ¥ B #% 0.5 mCi
[**S]methionine(ICN # TRAN-S) in 0.5
ml DMEM (Methionine-, SIGMA 1) %
INZ 4 RERTER, 18 ElL LB
THBRaR D =L,

Microcon 10 (X VR7H)ic TEA S
{=¥8 L7, 15%SDS-PAGE I C ¥k 8h#%.
RS EAHE% BAS2000 (B+ 7
AN AtE) TR L,

mKirre ORI FIRTLY 2 v
& 7 ZOVER & Fluorescein £

[E]

mKirre OFEFASMERIZFE S 345 ¢cDNA
5% PCRIEIZTHEIEL, b hag
a7 Y 1gGl D FefEIR L A LT,
AT MR- A LTEE
BUI#E, BB~ ¥ —pSSRa -bsr iZ
Y7 r7o—=27 1T, CHOXKI s
CREMCEETFEA LKL, Vary
T EFURIHEIZIOMAY Eh
A& (CD-CHO, A v ¥ bz
) TEIE L2 BB X D protein G 12 &
DTT 74 =274 — L, Bbh
Telaryerr v osBgo—5
{3 Fluorescein 1Zi% » ; (ISL #) iz
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THER L7z,

Rtk

Vo TNAL A% NG RV LAT AT E R
W T [H E % OI%NPAO iz T
permeabilization ZfTV>, 1 mKirre
Voo—F VW ROE) 7 a—F 5
FzRWTHRA L (CRAEIZFETC
BRI~ X205 vy Mk,
Jackson #1), #%i% DAPI (7F 2 o#)
LEx{ToI,

FANVy FORi

SST-6 BIGZF&E L b 4 LAY &
—(pMX-puro)E A L - #Rfg & =R »
—DHEZH AL ML OPY %
Alpha-MEM+20%FBS 7 4:{thiz C HE3E,
e 3 B EIIZBmL, 4 BRI
RADMERE3IZ Confluent DIEE THE
®UFLT 2, PR, MIIE 37%
Formaldehyde/PBS (ZT 1 5 4yRIE &,
Oil Red O eBRIZIE L, FiE 15 43
Bk, BEKTTI0EESE L,

C. IR
HEEINWER 2 o Ry G D4R
T — A
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A GTPase-activating protein binds STAT3 and is required for IL-6-induced
STATS3 activation and for differentiation of a leukemic cell line

Yukio Tonozuka, Yukinori Minoshima, Ying Chun Bao, Yuseock Moon, Yohei Tsul

Toshiyuki Kawashima, and Toshio Kitamura

We previously identified a guanosine
triphosphatase (GTPase}-activating pro-
tein {(GAP) male germ cell Rac GAP
{(MgcRacGAP) that enhanced interleu-
kin-6 (IL-6}~induced macrophage differen-
tiation of murine M1 leukemia cells. Later,
MgcRacGAP was found to play crucial
roles in cell division. However, how
MgcRacGAP enhanced IL-6-induced dif-
ferentiation remained elusive. Here we
show that MgcRacGAP enhances IL-6-
induced differentiation through enhance-
ment of signal transducer and activator
of transcription-3 (STAT3) activation.
MgcRacGAP, Rac, and STAT3 formed a

complex in [L-6-stimulated M1 cells,
where MgcRacGAP interacted with Raci
and STAT3 through its cysteine-rich do-
main and GAP domain. In reporter as-
says, the wild-type MgcRacGAP enhanced
transcriptional activation of STAT3 while
a GAP-domain deletion mutant {AGAP)
did not significantly enhanca it, suggest-
Ing that the GAP domain was required for
enhancement of STAT3-dependent tran-
scription. Intriguingly, M1 cells express-
Tng AGAP had no effect on the ditferentia-
tion signal of IL-6, while forced expression
of MgcRacGAP rendered M1 cells hyper-
responsive to the IL-6~Induced differentia-

bono, Tomonori Hatori, Hideaki Nakajima, Telsuya Nosaka,

tion. Moreover, knockdown of MgcRac-
GAP by RNA interference profoundly
suppressed STAT3 activation, implicating
MgcRacGAP in the STAT3-dependent tran-
scription. All tegether, our data not only
reveal an important role for MgcRacGAP
in STAT3 activation, but also demonstrate
that MgcRacGAP regulates IL-6-induced
cellular differentiation in which STAT3
plays a pivotal role. (Blood. 2004;104:
3550-3557)

©2004 by The American Society of Hematology

Introduction

The signal transducer and activator of transcription (STAT) family
members STAT1-4, STAT5A, STAT5B, and STATS are activated
through phosphorylation by the Janus kinase (JAK) family upon
cytokine stimulation. The phosphorylated STATs form homodimers
or heterodimers and translocate into the nucleus, where they
regulate expression of their target genes.!"* Among them, STAT3 is
activated mainly by the interleukin-6 (IL-6) family cytokines
including IL-6, oncostatin M, and leukemia inhibitory factor (LIF),
and is implicated in a wide range of biologic processes, including
nephrogenesis, gliogenesis, hepatogenesis, T-cell proliferation,
inflammation, and oncogenesis.*! The critical role of STAT3 in
myeloid differentiation was demonstrated by the use of dominant
negative mutants.'>' In contrast, in embryonic stem cells, STAT3
is required for self-renewal.'>-19 In addition, STAT? is activated in a
broad spectrum of human hematologic malignancies.?® STATS can
also be negatively regulated. Among the known inhibitors of STAT
proteins are the suppressor of cytokine signaling (SOCS) pro-
teins,?! also known as Janus kinase binding (JAB) proteins?® or
STAT-induced STAT inhibitors ($5Is).23 While SOCS proteins
interact with JAKs and reduced their tyrosine kinase activity,21? 3
STAT3 inhibitor protein inhibitor of activated STAT3 (PIAS3)
directly binds to STAT3 and inhibits its activity.? A zinc finger
protein Gfi-1 enhances STAT3 signaling by preventing this binding
of PIAS3 10 STAT3.2* Several other molecules have been found to
interact with activated STAT3. Among them, cellular Jun (c-Jun)

forms a complex with STAT3 and activates the ax-macroglobulin
promoter that contains both STAT3- and c-Jun-binding sites. 2627
Like many other transcription factors, STAT3 associates with a
transcriptional cofactor, cAMP response element binding protein—
binding protein/p300 (CBP/p300), to form a transcriptional com-
plex.® A protein called gene-associated with retinoid interferon-
induced mortality (GRIM)-19 suppresses STAT3 activity through
cytoplasmic retention of STAT3, whereas an endothelial cell-
derived zinc finger protein {(EZI) enhances STAT?3 activity through
nuclear retention of STAT3.2%% There may be more such regulators
in various steps of STAT3 action, such as translocation to the
nucleus, induction of chromatin remodeling, and proteolysis.

In a search for key molecules that prevent IL-6-induced
terminal differentiation of murine myeloid leukemia M1 cells, we
identified an antisense DNA for the full-length form of male germ
cell Rac guanosine triphosphatase—activating protein (MgcRac-
GAP) through functional cloning.?' An N-terminus-truncated form
of MgcRacGAP had been isolated and named male germ cell Rac
GAP. as its expression was highest in testis.’2 Rac, Cded?. and
RhoA, the Rho family of small guanosine triphosphates (GTPases),
play pleiotropic roles in a variety of cell functions such as
transformation, migration, cytokinesis, and transcriptional activa-
tion.**35 Recently, MgcRacGAP and Cykd4, a counterpart of
Caenorhabditis elegans, have been proven to be essential for cell
cycle progression, in particular completion of cytokinesis, -4
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