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ARG 3OS 2 FREE S 2 B (S P E v, RIS B i AERE 20 2 7o B AR &
ZORBIREEZ FFOEMETH D, MRS T 2121%, T = BEHROHN
FTH2DNAPERE L, 5I&kE ., RO SEL, BoR, MlaE A0 IE
IR ZENRRETH D, TXTOMIIIREICFE L W filan s 5
LR VAL TEY, MESCEYMOELITMIESZIC X 2 BIEEFHROMEEIC
BIFELTEI Lo THEE TIERY, b —EDOA X2 MMIMIES (cell

cycle) LPFEFIIL, Gi. S, Gos M D 4 MIcHyiF s Z &R T&E S (Fig1), Al

]
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AR ENCIZZ K D& o XTEREE L THWDER, 2O FL &S Z#H - T
W25 DAY Cyclin-Cdk (cyclin dependent kinase) Toh %, UV VB{LEFRETH D
Cdk [T B OHEITIZIB W T Cyclin EFEAET 2 2 ENEMALICHETH 5,
Cyclin [Z8I(E 20 FHELL ERRIE SN TR Y, ZOH T Cyclin A, B, D, E 23



R RN E R 5 L T\ D, 24 DS E S O R E ORI R BN EHT 5
DT, ¥ED Cyclin-Cdk HEA KRB RIZIER SN D Z LT/ b,

I EN I ZEO L LTE Ml OREETH Y | T ORI S LT
DOMBEVEIN CCHRET SN D, [EEROIEFENHER S D 7= D12iE, Ak
O, HZE, ACEBRSEOICHET STV OIRENDH H, ZHIlAEY OEY)
REHIZ I N Z ST 2R FORBEZnEET5, ZOokoky 7zl

) —REDZ X7 E N EGF (epidermal growth factor, E Rz HEA5EIE 1) 72 & D
N FEFEIK 7T 5,

AR R O Gy WX restriction point & WO BRI H Y (Fig.1), = 2 TR
DRI AN D DI DDIRTE S D . MIIAEE SN - ORI H e S 5125 Gy 1 & it
17 L T restriction point #8825 DICHE L i, WoltAZ ZHB2 5 &R
D3RE L Tz < T MR E IS T L, MR R & Tt A CRERE ] 2 — &
THIENTE S, HIRHHER 1> 7T VOB -O—>Th% Cyclin D
1% G177 restriction point 8 x. THEATT 5 5 A CHERKE LRI, £,
Go T & 2 A 23 MRS W 2 BRAG 3 5 & &1 & HIRREE AR A 71T L 2 RS w22
LEEhb,

Drosophila \Z331F % Tribbles &\ 9 FF—BEEZ L XTI N T a7 7 V) — LK
ZA4r L CL Al B o Go/M BATHNZ B 2o 5 filfHIK 1D —->Td % String D45 fi#
EHFELTWDHZ EnmEINTWS (Mata et al., 2000), Drosophila DT
@ Tribbles |2 X % String DFEBLHIEHITFEERFD G I TO String DX 7 L F o
L=y a e b RO NUREICHEETH L LEXADN TS, ZDOXIHIZ
Tribbles 1% String OFEHL-CIEMEZHIH LT M MIRBAT 281 L0 | B S
VI 22 LIk aEy, KOHHEICEG LTV B2 6D, £t
IR O 43k, Ml EESE 7R EICESE 5 Notch & String ORRE 2 Hilf#l L T
W5 L e S 3L TV % (Sheherbata et al., 2004, Grobhans et al., 2000, Thomas
etal., 2000), Tribbles %, BV /AL A= FF—F LEmHAMELZEL, &
YAV A= FF—ED 12 @O sub-domain 7572 % kinase catalytic core
domain ® 2P AEHIDIZE AL ERTERFOD, T —BIEMHEICHER
ATP FEEEALIZIIT 2 a2 o AEFIDRAFE S TE LT, Tribbles O
—Y L L COMEITSEERNTH S (Johnston et al., 2000), Tribbles DIFFLIET
DARERZ (dog; C5FW, rat; NIPK, human; TRB) & fE% % CTRIE STV
DM, FNDHOBEEECRBFAE N LD L HITITDIL TN D NIHIEE A EH B )



IZEZ TV 7= (Bowers et al., 2003), & K To Tribbles ®FEw 7 Th
% TRB (tribbles related protein) [ZEIFED & Z A 3 fiH (TRB1, TRB2, TRB3)
[FE SN TEY, Tribbles [FEkICE Y /A LA =0 FF—BOILEREA M R
AA U HFEOMN, ATP fE5E R A A X F—BIEMEICR A R 2 filllieF—7 %
Fi7=7z\v~ (Bowers et al., 2003) = & 75 pseudokinase ®—> & EFE I FLTU
% (Fig.2), BEIZ TRB3 7% AKUPKB IZfE4r L. Z D% F—PigitaHES 5 =

1 154 315 358aa
hTRB3 l [vial vis] vir [vin| x| x| x| ]
Major domains of [T, T TiwT v vialvielvu [vn] x| x| xi
serine/threonine kinase  ATP.pinding kinase substrate-binding
domains domains

Fig. 2 TRB3 contains the classic substrate-binding domains of a protein kinase but not
ATP-binding and kinase-activating domains.

IRV AR ARGUHEES CEERERFIZ R T T THL T LR LN
IZ& T35 (Du et al., 2003), TRB3 X MAPKK (mitogen-activated protein
kinase kinase) & 54 L MAPK (mitogen-activated protein kinase) 7 /L %
FHET 5 2 ERHEINTEY (Kiss-Toth et al., 2004) . NIEEDFF—F A
YEEX—L L THBELTWDAIEENEZZ N TS, £, YIFEED
Ohoka & & /MaRA b LR LIEEILD A N L AIRE T TRB3 3R ELFHE S 4u/)h
fafA A b L A RAFH) 7 /I SEIC BB L T 5 Z & (Ohoka et al., 2005) . i/l
fa i % 72 PPARy (peroxisome proliferators-activated receptor y) DH#nE
&M 2445 Z & (Takahashi etal., 2008) #5720 L TR Y, TRB3 s
FEOHIEIEHS TS Z EH&E X biLd, TRB3 IFHUMIKEIZIS U THER L., I
figk T Akt OVEMAL 2335 Z & (Du et al., 2003, Koo et al.,, 2004) . TRB3
IXAEN#HAE T ACC (acetyl-coenzyme A carboxylase) D53fRa k345 Z LiZ
Ko TEMI Rz RET 2 Z & bl s Tnd (Qietal, 2006) , £7-, Cdk
DOIEMALIZA A K 72 cell division cycle 25A (Cdc25A) D2 &M% TRB3 A3 il
THZELWHELTEBY (Sakai et al., 2010) . TRB3 O #fifa/EH~DE 5 %
ZHNTWD,

IEH 72 R EE 228 2 T LRV, HAHIEBEAE S R L. HIZAYIZEH LD



DD L DT o o MRAEE A 2 g & RS, EEEHIAG L& ORI B 7 Fe SR
RRBREAEFBERITKFEL TR, BECORERZHE EOEFMENLHEN
5 Z L2 b -fE EORBIREIXENT 5, Fio, BEEMRIZHANMEZ K
WTWD 7O/ 2 2 2 =47 —3 3 > 20 LR FTEREE O L0 R IRIEN
B L CHEE AR, BEMICIEEOAEMEENT I &R D, FEILER
FoORBIZESE BMEE (benign tumor) & EPEEE (malignant tumor) (2
SEIND, BMHEEEIIBEMENIC S WIRMIC S EFISEWVEEE RS, ik
DFBVERZ L, HFEITI D > < D TRFTICHEE Y, R&EL 25 LJEH
DM ZTEBT 52 &b DN, HE L B S OREANIZ-E D LTND
(ZBEMERR) . HBE-CRMEN W e —RANIITEE IR A4 OB 3 uU X
XFTRECH D, — ., EMEMEE T BAWEN SR < | BERERLER 2 A L <R PICR
HLTHOHEML (REMERE). SOITERBGICHERT S, UBRLTH
FROFRMERDH Y, HCORRIZRD Z ENE, ERME & IE R PR
BAaEAbEELON B THhD,

MAE, BARNOFEEZ2GER DN EGIE D & AR B IER~ L BT 5T, 1981
HLORHAARNDF RO 1 L7 b HEHixR EOREEREE L TG
WEDHNTND, Fo, AEFESCEATEDOZCITEWEAT 508 A OFESE
FZFE L TETEY . DAUTABEANE T IENORIBOME b F O NEPE
BTHY, ZOREFEMRNRREE 72> TWD, THE, BADFHREDER
T LV TOMRPT S, TDRAITBETORFIZE S TBZ2WATHD ] &
WO BES D HESL T 5%, AR OMER & L b, SRR O B AT
EORESL, BEERZRIREIE O % W - 1HREIN S B R E LW R Z XIS
T, BIEL T, 2, IWEICEATOMERZHESN TS, BAM
falzB T 2/REOT = v 7 KA MERROERFST R b — 2 RS 5
PUED SR & 2 OHEEO HIREC R F R OBEEBE N REE T 2 2 LTk
ST, BABEETLZZERHLNZENTNDEN, KRE L TEORREICIX
ABAZRER T DI,

R AR D RS D — DX B EAMIIIEIE TH 5, RO 7T p372< Th
BN ERIRICERE L CLE D, TOAD=XLNIZHEEHETHY ., BB
CTHIFQIGFER 7 2 R EICEEA L CHEET 5016 HauiX, MR 12 A K &
DWIZEDTRDO Y T FIRER T AR L THREZLIT L2 LI2ED ., Fk
PES 7 F AR RIREE T H MO AT LoD 2 bbb, ZD K



DN, MIRHEFEIK A D > 7 F ARER I OBESEIZ & - TH B el g i3 5|

TRIENTWNDLIENREZLNTND
WA, ek L7z TRB 23S AT 7‘5%%@#‘%.%(&)5 ERERE S

T3, il 21X, TRB1 TN TRB2 (X E#iME A MIRICEE 5925 Z & DRI
TW5% (Keeshan et al., 2006, Jin et al., 2007), 72T, TRB3 X KGN A
HIRARIZ BT SIRNA IC K o TRELE /) v 7 XD v S/ D & ZDOHIEN A EIC
mflEnsg 2 &, Fo, DAMBRIZEWT TRB3 BEFEELL TW 2 RIS AR
FL, IO THBELS . BAFRRIZIB W T TRB3 OFEL L~ 2MED - 72
FIHAR EFENARIIE T2 2 L n#Hs ST (Fig.3. Miyoshi et al.,
2009), 52, TRBIIIKGBAZZOIAFE 2N AMREER, 25 AKERE Tl
FIRHLTNDZ ERHFEINTWD (Bowers et al., 2003, Xu et al., 2007),
ZOEHNT, BDADHECSCHE, EMEIZ TRB3 OG- Gbivdn, £
DAMEREENIRIZHA BT 72 > TR,

AWFFETrX, TRB3 OIEILAN in vitro /in vivo (Z331F 2 HIIEHGE, K OIERESANY
IR 5.2 BINE D INCOWTIT T2 2 L 2 B E LT,
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Fig. 3 (A) Proliferation assay with siRNA inhibition in colorectal cancer cell line. (B)
Overall survival rates of patients with colorectal cancer on the basis of TRB3 mRNA
expression status. (Miyoshi et al., Br. J. Cancer (2009))
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Tribbles-related protein 3 (TRB3) (NIPK, SKIP3) (%, Drosophila |2+ %
Tribbles i #f51Dt N TOKRER VT Th D, Tribbles I%, HEHgE, HifEbEES
Ml DR 2+ 2880 RKOMHEKFL LTRHRESRTVND

(Grosshans et al. 2000, Mata et al., 2000, Seher et al., 2000), Tribbles D 7s
T/ ThsH TRB1, TRB2 XX TRB3 (%, BV /A VA= FF—F LRk
Ofl KA A V& Fi> T D), ATP fiEV A bod F—BIEEIC S EAR A K
PR F— T BRI L TV H 72 pseudokinase 77 2 U — & L TEESN
T\W5% (Fig.2, Bowers et al., 2003), O HTTRB3 X, TOMHAIFEHD/—
hF—& LT, BBERT, =2E+F U H—F¥, bone morphogenetic protein

(BMP) type Il L&~ % —n>5 mitogen-activated protein kinase (MAPK) @ %
»73—=%° phosphoinositide 3-kinase (PI3K) 7' F /AR EERSE Ay 145 iR #
ICHESTNDZENRINETIIHEENTND, ZhbDZ 37 LEAEH
T 52 &Ik o T, TRB3 [IH/MEEMREH. 7R h— X BV b, Mg
A2 R AR T =7 oA FE L GOEELME T e AZEEL TV D

(Bezy et al., 2007, Chan et al., 2007, Du et al., 2003, Qi et al., 2006, Tang et
al., 2008), 4#f7E=E CIZLLATIZ. TRB3 % C/EBP homologous protein (CHOP)
<° activating transcription factor 4 (ATF4) ([C L > CiFE S, Zh 5 DOAESS
/INEARZ N L AFFEMEOMIIEZ T 5 2 & 2 #HE LT\ (Ohoka et al.,
2005), £7-. TRB3 |% Cdk D MZHIEMALIKFTod H Wi U bl Cdc25A @
LEMNERIET D Z & 2WE LT\ D (Sakai et al., 2010) , it TiE, Rk
X 912 Tribbles " 7/ CTHAH =20t k TRBM, EEFEMOEELE 2 L
—ZThHhHIEPHREINTND, KT, TRB3 1L, LFPHIZED & RS M
BRSO O E FOABESE CTEEBEH L TV Z LR SN TS (Bowers et
al., 2003, Xu et al., 2007) 75, MEEEAKIZISIT D TRB3 O IEME 2 BEHIITARTE AR
HThHbH, £ T, AFETIE~ Y AR AMIE~DE N TRB3 BisDEA
25, NG ARG O ARG oy ZOBFECYL AR E M e B2 B 2 57028 9 D % in vitro
K Vinvivo IZTHEFTT 52 & & LTz,



2-2 HERAER

1. M2TRB3 HifatkiZ 3515 5 TRB3 DFH L~ LT

N HEGE I C k1 D5 TRB3 O&REIZ T+ 272012, ~ U ZF AT
Cle6M2 (M2) 2t FTRB3IEInFA2 N7 AT/ v arT5ZLI2K-T,
t ~ TRB3 &EinFa%E L TRIET LMIatk (M2TRB3) R L7, 7.
78~ 7 % — pcDNA3.1-Hygro Z[FtRIZ T A7 =27 a 352 LIk -
T, = he—/Lffiflatk (M2mock) ZF8 L7, & k TRB3 @ mRNA FHi%

BT D L. BED M2 HifE K& OY M2mock MEFERRIZEH W TIER® v - 7
25, M2TRB3 #ilatkTix, b MEEBMaL HEK293 KOt FATAY Ak
HepG2 & [Flf£IZ, & F TRB3 mRNA %8l L T\ /= (Fig.4A) . B F TRB3 mRNA
ZHL L Tz, Z Z TlE, pcDNA3.1-Hygro-flag-human TRB3 #Hi~7 &% —
% PCR THElE SNt D& RYT 47 ar bu—vd Lz (FigdA), Fiz,
BIEK M2 J Y M2mock #-#flatk TR B 72~ 7 2 TRB3 mRNA D38, & k
TRB3 ZEFR L M2TRB3 M Cix, ML TWD Z ERHLEMNE o7, &
DIZ AMAMED B R TRB3 % 237 OB L~ LE, TRB3 IZf54& LTV % Flag

X ™ [«}] X ™
A gmgug.z B O M & o
X N O S & S ¥ N O
AR EE ~N G RE S
SsSSsSITqg 2 S sSs I T
e > T i =

Fig. 4 Expression status of exogenous human TRB3 and endogenous mouse TRB3 in the
indicated cell lines. (A) Representative results of the RT-PCR analysis. The band in the
positive control was derived from DNA fragments that were PCR-amplified using
pcDNA3.1-Hygro-flag-human TRB3 vector as a template and the pairs of gene-specific primers
listed in Materials and Methods. No band was noted in the negative control since the empty
vector (pcDNA3.1- Hygro) that does not carry specific sites for the primers was used as a
template for PCR. Bands of B-actin were not observed in the positive and negative control
samples due to the same reason as the negative control. (B) Representative results of the
Western blot analysis. The exogenous human TRB3 (Flag-TRB3) protein was detected in the
M2TRB3 cells by using anti-Flag antibody.



2 T OHETHRIT % & M2TRB3 #ilatk Co AR S v (Fig.4B), M2,
M2mock, HEK293 }2 T* HepG2 #ifatk (Fig.4B) TiFA b 2hoTo, £ Z T,
M2TRB3 #ifuik & M2mock #faik 2 ML S sHfEHT I L 72,

2. TRB3 & -3 5iE & I AR A R S 5

TRB3 i&fn 1 OISR AE &2 Miatd 5 72912, M2TRB3 itk & 8 M2mock
MERERR 2 L, AlAaEss, TSR E ~DOREZ T Lo, M2TRB3 Hifnik
I%. 48h & 72h OFF AT M2mock Mz b X THEIZH M L7z (P<0.01 and
0.05, respectively) (Fig.5A), 72h Tix. M2mock Hifa#kiz b~ M2TRB3 iz
Bix, 34%DEMA R bz, RIZ, ~ U AR NHEAKICHEAE L 72 M2TRB3 #i/id
RO AIBRIESE 2 i3 2 7o 1, BB~ 7 2 E7 /L (tumor xenograft mouse
model) ZfEH L7z ([ 6 = FEB k& FIESR)), EREEL TETOY Y
ADBEL AT 2 BT o 7o, BEGORE T, MlaOBE% 7 #2635 HiE %
T, B CEIZE AT - 72, EEAR (mm®) LIRE (9) 13 2 MEHIAZ1T - 7=,

x104

M2mock “*M2TRB3
M2mock “*M2TRB3
50

40

30

20

10 1000

Average tumor volume (mm3) W

Oh 24h 48h 72h 7 14 21 28 35
Time (h) Days after inoculation

Average number of cells (cells/ml) >

Fig. 5 Growth enhancing effects of the TRB3 gene. (A) Growth curve of the cell
proliferation assay. Asterisk(s) indicate statistical significance between the two cell lines
(*P<0.05, **P<0.01). (B) Volume of the M2TRB3 tumors and M2mock tumors. Asterisk
indicates statistical significance in tumor volume between the two tumors (*P<0.05).

S E MM 28 U CRFAEM R E R R OITEI 2L, Eo~o Rz Ao
o 7=, M2TRB3 JEE O AR L. M2mock O B ERSEIC T, £
35 HHIZBWT 38%AEICH A LT (P<0.05) (Fig.5B),
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Fig. 6 Representative histological features of the M2mock (left rows) and M2TRB3
tumors (right rows). Upper panels were stained with hematoxylin and eosin (HE) and lower
panels show immunohistochemical staining of proliferating cell nuclear antigen (PCNA).
Approximately 20 and 35% of M2mock and M2TRB3 cells were PCNA-positive (arrows),
respectively. Magnification was x400 in all four images.

3. M2TRB3 fif 5 D FF8 & A% =~ AU RE5U% O° PCNA labeling index

b b TRB3 OB LV . EFLO L 5 e fifusE /R EE S R S B S 7272,
TRB3 &in TS EGHMR D TEREFRE N ZFH 8T 2008 9 D a IRITIET LTz,
M2TRB3 & Uf M2mock i id 4% [ETEIEE 2~ 7 AP d & W BIER L. 10%A /1~
U AZTHEE L, MEFEORF OO~ X ) v &2 d VU TY a2 AT
o7z, MG EZ . PRI TR L, ~ U ZMIEEICER S LTz
M2TRB3 } O*M2mock il DT REIL, FITE A ZK & 7= L 7c, Ak 7 A9 12 . M2mock
NI 3% 7e ik 2 s Lz (Fig6 £ b)), 7o, FEOH.OENICEEIEEH 5 2355
D Hivlz, M2TRB3 JEG G £ 72 % 72l 2R U, FLBLREIE S0 AR &
- (Fig6 4 [) o BIKZE = & 12 M2TRB3 S5 k% 00 PRI £ (9.40.3 pm)
25, M2mock [ DK O EL (7.040.2 ym) IZHRTHEICKRE o Tz

11



(P<0.001), AOpQIEFERIT, HEAEMIE CRILOE L PCNA (proliferating cell
nuclear antigen) % %EY«t4 L. PCNA labeling index #lli€ 925 Z L2k »T
21T o 72 (135 6 B FERRAEEE 7155 M) . M2TRB3 JiE)5; > PCNA labeling
index IZ. M2 K O' M2mock [ PCNA labeling index & 9 & &> 7228, ##
SR EZEITIE)N -7 (Fig.6 . Fig.7).

o,

£ Fig. 7 PCNA labeling index in the M2,
M2mock and M2TRB tumors. A marked

T difference was noted between M2mock and

40 M2TRB3 tumors but this difference did not
achieve statistical significance.

30

20

10

0 M2Zmock M2TRB3
tumor tumor

4. TRB3 i~ U 2D AAIR DG EME DAL 5 2 5

M2TRB3 fi#}%; & M2mock JEI5 OfH Ak F-RITZRE D 3 L B A7z 72 8 M2mock
AliE K O"M2TRB3 Hlii @ DNA {5t (%4 % TRB3 B n DB A gt L7,
Go/ G #IIZHIfR Z [EFH#: . Oh KON 72h DORESC7m—H A F A MY —Z2fER L
THEREIT> 7, Fig.8 IZ M2mock i % U8 M2TRB3 il DfiFdT L 0 15 H a7z
REMZRDNA B R N7 T A& LTz, £/, Table | (2 DNA {550 5456 & 43
LR LT,

F9°. M2mock ffaiL, EEAER (2N, 4N LT 8N) OffifldfEH v — 7 27K
LicZ &mh, kRx 2 BRI X 0 a2 Yeta ik 2 NTET A AIRER THh 5 2 &
MR E Tz, M2mock Ml D 2 fE R DS 3 AR 1T 12-16% Th 7z, vk
RHRAJIZ, M2TRB3 Mifd Cix 2 RN e< Bl I n) -7z (Table | KT
Fig.8 & (Oh, 72h)), *7-. M2mock #fifid & bz LT, M2TRB3 #fildo Oh &
72h IZ8B1T 5 8 FIERBEOFIGITENZEI 19%., 12%H/N L Tuw/- (P<0.05)

12



(Table 1), [FIkEIZ., M2TRB3 fifa D 4 {E{A DL BT H M2mock A
LT 4-19%N L7=, Z b DOfERIT, TRB3 23~ 7 2N ARMAEED
DNA fE8Ic B A2 52 5 2 L 2R LT\ 5,

Oh 72h
M2mock M2TRB3 M2mock

4N 4N

M2TRB3

Fig. 8 Effects of the TRB3 gene on DNA ploidy. Representative results of the flow
cytometric analysis. After synchronizing cells in the G¢/G; phase, ploidy status was
determined by flow cytometric analysis at 0 (left two panels) and 72 h (right two panels) in the
M2mock and M2TRB3 cell lines. Note three peaks (2N, diploid; 4N, tetraploid; 8N, octaploid)
in different locations in the DNA histogram.

Table I Distribution and

Time (h) after starvation rate (%) of ploidy in the

Cell _ M2TRB3 and M2mock cell
line Ploidy Oh 72h lines. Differences in the
percentage of ploidy in
mg'rl'nRo;'; g: 13; f gg. 18(6) f g;. M2TRB3 and M2mock cell
b o nt e ts lines. M2TRB3 vs. M2mock,
M2mock 4N 37.0£0.1 38.5+0.2 **P<0.01 and ***P<0.001.
M2TRB3 4N 416%25 57.5+05"
M2mock 8N 6.0%0.1 3.5%0.0
M2TRB3 8N 25.3+1.8" 162%0.3"

5. M2TRB3 ##fifid & M2mock il iZ 3513 5 TRB3 J O e Jif] 3 Beas 53 - D FE BLIR
IIACIANS
TRB3 2 L 2GR E R & M2TRB3 il TOR DO 55t 2R 272

(Fig.8) . TRB3 | i 1 Bt
NEZHND, 72T, TRB3D L5458 %

By T OFBL L~V A KX L T2 AlRetE
D7 A HBE 1 Th
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% Cyclin B1, Cyclin D1, Cdc2, Cdk2 K& T® Cdk4 IZDOWTDEKF /37 DX
Bl JE Lf:o Fig.9 I Rn 7 & 912, M2TRB3 Mild Tidk ~ TRB3 OFEHLN A&
LT D3, 2R 720 TIEZEORBLO RN bz, £7-. NEMED TRB3
DOFHLIE, M2mock #lifid, M2TRB3 flild\ TN CTHEILETE, 1TV, 72h T
FRUNVIEBLDNER O H v, M2TRB3 fifa TldE O\ 23558 > o 7=,

Fig. 9 Effects of the TRB3
gene on protein expression.
((\oc"*,‘?&% «° c.* ?selb Protein expression status of
W )‘\2’ “\"L \KL cell cycle control molecules
< and TRB3 in M2mock and
M2TRB3 cell lines. Cell
o lysates were extracted at the
indicated times (h) of the cell
- culture and then examined by
-
al
—

Oh 72h

CyclinB1
CyclinD1 Bl

(€

Cdc2 |

Western blot analysis for the
indicated proteins, using the
respective antibodies, as
described in Materials and
Methods. B-actin was used as
an internal control. Exogenous
human TRB3 and endogenous
-— mouse TRB3 are describes as
exogenous and endogenous,
respectively.

Cdk2 (& o

" e
4

U WH ’

Cdk4 |~

TRB3

| rexogenous
\ —endogenous

(F

il

B-actin -—{

72h ORF S TIEFRFAZ LT AT T TH 525, M2TRB3 #ilaiz3s1F % Cyclin
B1 KUY Cyclin D1 OFEHL L ~LiE, M2mock Al DFEEL L~ L2l ~_THEhn L
Tz (Fig.9), —7F. 72h ({Z31F 5 Cdc2, Cdk2 KT Cdk4 DFEBL L ~)Li3,
M2TRB3 #fifid & M2mock HEfE D ] TEEV VTR SR o T2,

2-3 E%5%

FrEDO b MMEBFLRIZ, TRB3MRNA Z 538845 Z EirHFERE SN TND
(Xu et al., 2007), F7-4MF7EE CTl, Cdks DIEMEALIZ AR A K 72 Cdc25A D%
EMEEZ TRB3 I LTV D Z L2 WA LT\ % (Sakai et al., 2010), L7 L
72035, TRB3 Ml OBERECIZREIC 5% 2 2, & 5% TRB3 D i 7e % &l
IIRTEAHTH D, Lf:7§>o“C\ 7‘7%%4473) HHAE OO A L G 5 e OV RE A 28
LIZRAS 2 572 B BHRIRELE 2453 5 72 6012, TRB3 oAl & 1B 45 1 D3 Bl L
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~L HREEZ T A KRN DNA E8IMEA T — 2 ZZHER L TR 21T o 72,
M2TRB3 #ilfgiZ, = b —/LCT&H 25 M2mock flliE & bl L CHE etk o
¥WhnaR L7, 210 doubling time ZHIET % &, M2TRB3 Ailatkixds &
% 12h, M2mock #ifEkkix 15h TH->7= (Fig.5A), ~ 7 A~DOBIEIEZIZ B
Tt TRB3 ZEFRILO RO IMEMNBILEZ I TE Y, Z 0EBRFEE L TRB3
W~ T ZAFLS AR OHFEIC K LARERN R 2 FF> 2 & 2R LT 5,

A OIEFEDS DNA f5EME & & IS 5 2 L IT SR 7 B AW TRl
INTW5 (Jorgensen et al., 2004), DNA (%, WA X, Ja~TF o EH &,
N OREEDBIR T ORIV HINEIE D Z LIk > THEHEZ S E 5
Z & T&E S (Jorgensen et al., 2004) , 4 [ElD %R T M2TRB3 &5 D% D1
EREDY, M2mock EG D b DIZH A REICKE W & E72, M2mock #lifa o
KETOERNIT 2 5466 LT 4 5B Z2 b >0lcxt L, M2TRB3 #ifu Tix 4
AR LI 8 ARl s A EICHME LTS 2 e B BN LT

(Fig. 8), TN HDHMEIE, EEMN 6.0-7.5 um OIX 2 5K L LT, 7.5-9.0 ym
ORI 4 (5 & LT, %LT95HOpm@Fi8P¢kLT MEEND &
9 Danielsen & O#HE & & RFIC—FK L T\% (Danielsen et al., 1986), ZiL
HOET R EZ G5 & TRB3 ILMAEE s OB CREHMLIREDEE 1A H L T
WA RIREMEDR B W EE X5,

Cyclin |Z, Mg S HIEI TR THRRRA K QAR EL T 5 2 L1k - T, #
Jafl#iz o e — 3 5 EER) 1 CTh D, CyclinD1 3 Cdk4 <° Cdk 6 &4
BlREEA L, RB 2V Vb L, ARDHEEET 2GHEIK 7 E2F &0
o B SRR S0 E2F 2MEMAL L, £ DORER. G D S WI~DRAT & it L T
VW% (Chellappan et al., 1991, Hunter et al., 1994, Johnson et al., 1993,
Weinberg et al., 1995, Wilson et al., 2001), Z @ Cyclin D1 O &5 1-HilE<e #
YR OEFIFRBLUL, FRx et FOAMBRSEYET VO CTRE TWD Z
ENHE STV (Bartkova et al., 1995, Staibano et al., 2001), —J5, Cyclin
B1 3. Cyclin D1 &3/ 1 Cdc 2 & DHAKEHRT % = &1 L 0 {uk)E 1
D Go/M D HELT A2 > T 5 (Collecchi et al., 2000), 4B, M2TRB3 #fifaiz
BT, Cdc2, Cdk2 T Cdk4 DFEL L~ LinZ{kt3, Cyclin B1 & O Cyclin
D1 DRB L~ NTLHETHZ 2 R L (Fig.9) . M2TRB3 #fidix M2mock #f
TR LN 2 AL RINL CW\W=Z &5, Cyclin B1 & Cyclin D1 ™
EFEELDY, TRB3 @SBRI 3617 B YR EME, S HITiX, mfEukEo
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A TTEL TS EEFE X HiLd, FE, Cyclin B1 <° Cyclin D1 O FIFE Hi
23 4 5D L ITEREME 52N) OJLEICEE T 2 WO fERIE. B FELOA
I O~ o 2 E A CREIZ#E S uCu b (Collecchi et al., 2000, Yin et al.,
2001), Cyclin B1 OFBIZEICZ L7 LAL T TE Y, APC/COM

(anaphase-promoting complex/cyclosome) &9 =& FXF 2 U I —E G
b5 Lk, Z0EKDO—>TH S Cyclin B1 B B F 1L S ofif S
% (Lukas etal., 1999), Fill. WHFZE=RICHBW T, Z D APC/ICOM DiEEH
TRB3 (2 X » Tl 4, ZDfESR, Cyclin B1 72 & OFER) /3 1 DI BN EF7
52 EEMEMILTUWD (Ohokaetal., 2010), S EIOHFFRIZHBNT S, Ml
FEIT 725 7 TRB3 DR EM TH 5 M2TRB3 #lila T % Cyclin B1 OB L
ALTEBY, MENP—HLTWDE, ZOZ LT, HARA ML ATRIAGES
15 TRB3 28, < OMIIZXT LT DR MEE Z 3 00d Litie, 2
DB 72 MEE O FTREME . K OMIER L~ T TRB3 D& E|Z#E 5 HE)T TRB3
B FEABMET VM LR DRIEE T2, RETIZZDORNRICD
WTIRR %,
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% 3% TRB3 B HUHM FN T AV =y 7~ T AL ZOHMERFFRAE
B

3177

AIEICBIT A ERER LY. TRB3 1T~ 7 2N AR OG22 L, (525

PEDEAZFEST D Z L 2HLNI Lz, 2O RIT TRB3 25008
RRICHEBELZ LTI 2RI TS, T2 TAMIETIE, B F TRB3 I K7
VAV x=my 7w AEERIL Cre U 2 B —BREMBZ T T ) U A LA
ZHAT 5 Z &1 XY TRB3 BA& T D FFE D (CHT L OB P2 b 2 5] &
T vRET LT,

3-2 FEBHR

1. & b TRB3 ¥ AE{E - ORFHR A 22 58U Cre U = v B —BIZ K o THil
HWans

ARFFETIE, ~ 7 AEKICE b TRB3 #2387 2B SE 572902, Cre /
loxP v AT LAEHANWTHHR N T VAV 2=y /v AT AERFE LIz, AH)
W7 N O HIE TRB3 BAR 1 23R E OISR T JEE A HTH O T RE
FEALE B EE T NE I D EEIDDLHFIELE L TERATHDL EEZBND,
ABETFFBL AT MIBUEE TOEL L OWFZEIZ L > THF &4 (Anton et al.,
1995, Kanegae et al., 1995) | HEHEMIESCE S FRZEBWIZHB W TR F-F
DA UNA 7 R R Ol Fr ROV 2 5 FEEE LTCEHIN TV, £
7o, RBEFHBS AT AL, WEEEE & fURRFIC R D2 BT 52 &
DEEDOND Z X7 R OBE BRI LG 8Bt Th D ¥ X7
MR T 2RO ERICHERT 52 EXFHETH D, TCTIZ TRB3 D FF
VAV 2=y IR ADREZ DD, K AT LEFI LT - g R R
BRBE RN T LAV 2=y /w7 ALDOITEAER BN, £, 5 ETH
HEINTWL L0V b  TRB3 B\a 03~ 7 AMIC H 72 & BSEMIX
HONTWRWR, KREN TV AV 2=y 7 v ZAOERZIGD T U HNTZE D &
D IRHANIE  RAEBSEERET A 720128 Cre/loxP v A7 AzaER LFIH L
7= (Fig.10),
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4= Recombination primer
Before Recombination 4= Genotyping primer
=y =

\" *® (OFF

— cAG | D neo | pA| ) Flag-hTRB3 | GpA [—
/

loxP loxP

<= Cre-recombinase

neo pA e (O_N)

— CAG | ) Flag-hTRB3 | GpA |—
loxP /

loxP

After Recombination

Fig. 10 Scheme of recombination of hTRB3 construct. The pCALNL-flag-hTRB3
construct is comprised of a hybrid CMV enhancer/chicken p-actin (CAG) promoter, a cassette
for the neomycin resistance gene flanked by loxP sites, and a sequence containing a human
TRB3 with a Flag-tag. Infection with the Cre expressing adenovirus results in recombination
of hTRB3 construct, eventually generating a functional flag-hTRB3 gene expression unit.
GpA, rabbit -globin poly A site; pA, SV40 early poly A site.

X HT 47 arbhr— (lane 4) LR T 47 ar ha—/ (lane 5) 13,
ThEhZE X7 % — (pCALNL5) &L b F TRB3 3 Bl X 7 X —

(pcDNA3.1-flag-hTRB3) % COS7 IZEAL7Z2H D TH D, Fig.11AIZIBWT,
lane 1 Xt b TRB3 E A& =2 A F7 7 b (pCALNL-flag-hTRB3) & Cre
FEL~ Y Z— (pxCAN-Cre) O Z3iE A L7- COS7 MifulclE k4571
ThHb, Laned W lane 5 DY 7 Vid, ZNENATT 72 br— &
ROT 47 arbae— e UTHEMALE, COS7 Mifldict b TRB3 #EABE(E T
AARNT T L Cre BBV X —DEEFEZEANLIZY 7 (lane 1) X, &
T4 7arbhr— (laneb) IZBWTHRELND XK HIZ. FLAG-hTRB3 @
BN OGN, ZNHHEENS, B N TRB3 EABEMRTDHELE Cre U =2
S —BDOHFEICL > THlE E 4L, Cre/loxP v A7 ANIEFIZIE# L T\ b 2
LR L TS, 2Ot b TRB3 BABIFaAL AT 7 &2 FRRICKITL~
frafryeyva AR LE,
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Fig. 11

A Confirmation of
3 4 5 hTRB3 protein

expression and

1 2
hTRB3 transgene + 4+ - - - detection of hTRB3
-+

DNA fragment.

pxCAN-Cre = W =5 = (A) Conditional
. expression of hTRB3.
anti-Flag | e S— Lysate sample in lane

1 was derived from
COS7 cells that were
anti-B-actin —T————— transfected with both
hTRB3 transgene
construct (pCALNL-
B flag-hTRB3) and Cre
expression vector

(pxCAN-Cre).
Lysate samples of
lanes 2 and 3
consisted of COS7
cells transfected with
hTRB3 construct and
Cre expression vector,
respectively.  Lysate
samples of lanes 4 and
5 were negative and positive controls, respectively. Negative and positive controls (lanes 4
and 5) consisted of COS7 cells transfected with empty vector (pCALNLS5) and hTRB3
expression vector (pcDNA3.1-flag-hTRB3), respectively. The FLAG expression was present
(lane 1) as seen in the positive control (lane 5). (B) Detection of hTRB3 DNA fragments by
PCR assay. We used hTRB3 transgenic mice (h'TRB3 mice) as described in the materials and
methods section. Genomic DNA was extracted from mice tails and used for amplification of
hTRB3 and IL-2 DNA fragments. (upper panel) hTRB3 DNA fragment was seen in 4 mice of
8 potential transgenic mice. The number indicates the individual mouse number. (under
panel) hTRB3 DNA fragment was seen in 7 of 8 offspring generated by mating hTRB3 mice
with wild mice.

IL-2
hTRB3

IL-2
hTRB3

2. E FTRBIBHEFHI N TV AV =y 7 v T ZAO(ER

Cre Vay bt —BREATT ) IANAZERESHE, MW TCre U 2 v
—ERHIBT L L, XF v 7 7 —DNAFHIEKTH % loxP-neo-poly A-loxP Fi{iz 73
kg4, ZL T, & F TRB3EABEFORELNMEE S (Fig.10), AT
%, B FTRB3HEAE T2 A T 7k (Fig.10) &~ U AROFIHZIZEANT
HZEILE ST, BKEMIZA4EDOE F TRB3 h 7V AV ==y 7~ A& MG
L7z (Fig.11B B¢, Wagner &%, FRHIBHE L 72RO 5 HAENTL 517
DIHITH 23% TH D L LT\ % (Wagner et al., 1981) , £7-, £Fh
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TL DD H LENBER T ZHBLT 5 HERIT 10-40% L 5 ST 5 (Hogan
etal., 1994) ., AHFFEICFIT D Cre/loxP o AT LA TIIBERHIBIE LIZRD 5 H
BANBIR T E2HBLT D108 (408) OHFIZ4/184x100=2% CTh-o7=, =
b4kt F TRB3 M7 AV =y /v U AZBER~y X 2N ENAL
Bl s, (FE2PEHEE7, & F TRB3 Bia OailfEidix, FEH I {FHEk
D77 A DNAIZTITWV, fERICZEO(F e N TRB3EABMB T ERA LTS
ZenfERTE L (Fig11 TE), £/, 4L BL3LD N T AV 2=v 7
~ U AZBWTE ;N TRB3 B FRRIAAMEI S D 2 & 2 ERd L7z,

WIZ, Cre Vav e fr—BIcLoM#ixn, E hTRB3 N7 v AV =y~
U A DR FRRHE AT (MEF; mouse embryonic fibroblast) (28T H1THiL5

., HERT D=0, PCRIEICE > T F TRB3EANEE 2 A T2 bH
KD DNA Wi O FEEFH~7-, & b TRB3 MEF #iifid & B4 MEF fifaiX &
ZNe FTRB3 N7 v AV x =y 7wy AL WAERI~ 7 20D 14 B O R 7 X
L7, 20%, T oM T35 6 = EEBRAME L ik _aﬂﬁzbfﬁﬁoi
I Cre Var v —VRHETT ) UA N AZRRESEZLEZAS, B b TRB3
MEF fifaici W TR N Z > TE Y., 168-bp @ DNA Wi n A o7z

(Fig.12A) .,

— 77, ARG OMBZ A+ TRWESE, DFV Cre BT T/ 7 A LA
DAL A A, B R TRB3 MEF M TIE L 0 £\ 1,374-bp ¢ DNA I+
HLRONT, /2. B b TRB3 #EE D mMRNA OV 2 2R 7 FEBURIIZ DN T
H RT-PCR L, v RZ o 7my MEZK > T 21772, ZOfE%, B b
TRB3 #EH Ai#Efn 1D mRNA KOV 87 OFEBIL, Cre BET T/ U A VAR
Y L7~ k TRB3 MEF #iaIC B\ T oORfR SN~ (Fig12B /£ L C %),
Cre BELT7 7 /) U A VA Z &Y ST b B4R MEF Mzl Cide h TRB3
MRNA K OVZ 37 OFBLUT 2L ARbnehh-7- (Fig12B £ & CH),
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A hTRB3 MEF
Cre (MOI) 0 100 200 1374 bp
| —

{ | | )
ToxP ToxP

Recombination (-)

168 bp
. . |
Recombination (+)

loxP

hTRB3 MEF MEF
Cre(MOI) 0 100 200 0 100 200

C hTRB3 MEF MEF
Cre(MOl) 0 100 200 0 100 200

hTRB3| - -

B-actin | ——— o —| e, - —

Fig. 12 Confirmation of recombination of hTRB3 construct and hTRB3 mRNA/protein
expression in hTRB3 MEF cells. hTRB3 MEF and MEF cells were generated from hTRB3
and wild mice, respectively. These cells were treated with Cre expressing adenovirus (0, 100,
200 MOI). MOI indicates multiplicity of infection. (A) Confirmation of recombination of
hTRB3 construct in hTRB3 MEF cells by PCR assay. A 168-bp DNA fragment derived from
recombinant hTRB3 construct was seen in cells treated with Cre expressing adenovirus.
hTRB3 DNA fragments were not PCR-amplified in MEF cells (data not shown). (B)
Confirmation of hTRB3 mRNA expression in hTRB3 MEF/MEF cells by RT-PCR assay.
Increasing mRNA expression was seen in hTRB3 MEF cells (left panel). No mRNA
expression was seen in MEF cells (right panel). (C) Confirmation of hTRB3 protein
expression by western blot assay. hTRB3 protein expression was observed in hTRB3 MEF
cells but not in MEF cells. 3-Actin was used as an internal control.

3.t |k TRB3 #E{n MO A XA 52 5

KIZe b TRB3 s 128, AR L~V TH I RIC 272208 2 HTH O L REF 1Y
BAbZG SR ZTNE I DERFT 57291, BN TRB3 h T AV 2=v7
~ U A& T, kRkx 7ok T O SRR I REAT K O BEARLRR 1 72 gt o
feh, ~v hX U UV UGt A T o T, ARFETIR, 7T S UANLAD
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AR G X DI 2 S 2 En D Y SO WDIATER, Mg, R A
HUDITET L7z, fEMIMZBL T, E F TRB3 N7 AV 2=y /<X,
AN~ 20 EH L B BRESCFIICHALREVTIR b2 »7-, Fig.13 I
AT LI, Cre BELT T /) UANAZEISHE TV We h TRB3 M7 A&
Vrxzmy v U RALBER -~y 2T, T, PR OV IR ORI 3T
B D3R B R VTR S e o T2,

hTRB3 mouse

Wild type mouse hTRB3 expression (-)

Fig. 13 Representative histological features of the liver, spleen, and kidney tissues of
hTRB3 and wild mice without Cre treatment. Note that no apparent histological
differences were observed between hTRB3 (upper panels) and wild (lower panels) mice, both of
which were not introduced hTRB3 transgene. Magnification was x400 in all six images.

WIZ, Cre FBLT T ) DA NAERYGIE T2 & 2 A, AR~y 2 TE, £<
FLAG JUiA CHRE L Z LiF o723, BE N TRB3 N7V AV z=v /v TR
IR TITATIE. g, BE & 1T FLAG HiilB g~ R 5h, & - TRB3 4
VNI DFRBRER E NI, TRHDORERIT, KRNT U AV 2=y I/~ T AD
JHFMR., g A OV ik © Cre / loxP A 2 o A7 ADEREL TV D Z L &R LT
%o W TIE, 80%DIFHlEIX FLAG Ytttk 3RO THHWVDIZXT L, £ 20% D
FEHERRI T AR C FLAG %etafftt 2~ L7- (Fig.15A. arrow), FLAG ¥ > /X7
BRI AR O BRI b B o7z (Fig.15A. arrowhead), gk cix. #9
10% D U 7 Ek7DS FLAG BtETh o7z, Bl TIX, JRME & E£E8% O LRGN
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D 20%7% FLAG BT - 7=, RIBEIC K BRI 0 P RIIA b B M e &
Too E7o. FFHLERO M ORI S Cre BT T/ 7 A LA % il S 7=
ERTRB3 T2 AV x=v s~y ATRLAE (Fig.15),

Liver

—

hTRB3 mouse

Wild type mouse hTRB3 expression (+)

Fig. 14 Representative histological features of liver, spleen, and kidney tissues of hTRB3
and wild mice with Cre treatment. hTRB3 and wild mice were infected with Cre expressing
adenovirus. (upper panels) HE staining of liver, spleen and kidney tissues derived from
hTRB3 mouse. Note that nuclear size of hepatocyte increases compared to that of wild mouse.
Slight perivascular inflammation is also seen in liver tissue. (under panels) HE staining of
liver, spleen and kidney tissues derived from wild mouse. No apparent abnormality was seen.
Magnification was x400 in all six images.

e T, BIREROMMG ZBE L THDHE, EFNTRB3 N7 AV =<
U A L BRI T 2O g, BIROMGETIX, Cre BT T/ U A LA B R S
HTHH S RREMREEVIIR DN e o7 (Fig.14), —J5. Cre F8l
TTF ) OANAZREYESE- F TRB3 F T AV z=v 7 <7 ZAOFHIEIC
BWTIE ROV RRENTEAR 7 2D DITHEIZRELS 2o T2 (9.4
+0.19 versus 6.3 £ 0.11 ym, p<0.001) (Fig.14), Z®Z k1%, t k TRB3 #&is
FIIFRIOZIER & W 5 BREFRIA 25l S Z TRtz "L Tnd, =
DEZEH A XD KIL, FLAG MR 721 T2 < MMz W T H — il 2 <
7= (Fig.15),
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Fig. 1S Immunohistochemical analysis of liver, spleen and kidney tissues of hTRB3 mice
with Cre treatment. hTRB3 mice were infected with Cre expressing adenovirus. (A)
Immunoshistochemical staining of liver tissue derived from hTRB3 mouse. Note that
FLAG-mediated hTRB3 protein expression was seen in the cytoplasmic region of hepatocytes
(arrow) and sinusoid of the liver tissue (arrowhead). FLAG-mediated hTRB3 protein
expression was faintly or uncertainly stained in the remaining hepatocytes. B)
FLAG-mediated hTRB3 protein expression was seen in lymphocytes of spleen tissue. (C) In
the kidney tissue of the hTRB3 mouse, hTRB3 was positively stained in epithelial cells of the
tubules and collecting duct. (D) hTRB3 was also positively stained in endothelial cells of the
capillary of glomeruli of the kidney. Magnification was x400 in all four images.

3-3 B

E hoMmiER 2 (Ad2) X°5 (AdS) ICHRT 52— ERSNA T T/ U A
JL A%, 45k-Da @ coxackie and adenovirus receptor (CAR) L AHEA/EA+ 2 =
ENZ X D BREF ORISR YT 5 (Law et al., 2005) , FERALAFEAYIZE A
BEFEZRBIA ST 70 OREITEMEEIETH L, v T AR IR S
Ne7T7 7 oA NI, ETHMRICEELERE L TFHEELZERET S
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(Huard et al., 1995, Law et al., 2005, Wood et al., 1999) ., AW CliX, 77
JOANWARY Z— (Ad5) #=fAL., b h TRB3 EABIL D FLAG I
Hilgt, Rl & B> 3 Olids TR OV, B BTN E o723, AR
JEGE DFRRRIPEIZ Z U EmVD & IEE 2720,

Cre 88177 ) VAN A% EYe S 72 hTRB3 h 7 v AV =v 7~ 7 AT
BT, FLAG D ATMIE OB, FIERICALE 21T - I B AR < 7 2 DRZ#E
IZHEARBEREICKRE Do T2, IEFEMENRDAALT 28R TH LD KX LD
—D L LTEY A XD RPN TV (Boon et al., 1981, Boysen et al.,
1983) . LT, B A XIIDNAGAEE & HIZHNT 5 Z L bHlEIn T
% (Danielsen et al., 1986), i Cilk 7= WFF0HE R M VAR FEBRFE S L, TRB3
T OB A R BE2 5252 LB L TW5, £o, BEFMEL L
R AT O BEMEZ R A S STl . IBRAE L7 TR aT 2 AR A
ThodERZLNTWD (Anthony et al., 1973) . BT T LV TITRNAWEIC
E OIS IR ZFERT 52 L biE LT\ 5 (Clawson et al., 1981,
Enzmann et al., 1995, Wiemann et al., 1999) ., #%#iZ. Clawson & 3313 A
WEIZ X ABIERIL, MRS 2 (505 4 (5 R~T 7 N L2 2 & & EHATE
HLTWDELTND,

25



=16

4T AL

AMFETIE, ~ U A AMIKEZ AN T I E TITH LN STV R
7278 AKIRR D B} O RE~D TRB3 DR DU THRAT 24T - 72, T DS R,
TRB3 7375 AR DO FE 2 TUHE U ARG ORFE A RS 5 2 &L B BT
molz, S HIZ, TRB3 (FEEMMEO ML 2 K S, ZOREICEEL L
TWDHZ EARENT, E72, TRB3 I AMID DNA 55 oV TRk
fbZsl &I L, EEROLERICREE L 52 TWD LRI,

Cre/loxp VAT L&MW/ RTRB3 a7 v a )V T U AV =)
~UAEERILTZE 2 A, ZOFEBICE O THIFENE KT 5 Z L 3R S
Nice, ZORRIT, v~V AP AL ST ERFEREFELZ2NVBEOTH
ol TOZ ENG, TRB3 I AMMETE T T2 < FHMkIC B W T H MO 1E

E”i.ﬁ%ffzé &V LTz,

AR O HESE & TRB3 FEEL DO BHEMEIZHOWTIL, /v 7 X7 A2 KD RN
%&%éﬂ’(b\éo Bl 20, KRIGD AHIBEERIZ 35U )T siRNA 12 XL - T TRB3 D3¢
Bz, v o By 2858 2O8EMMNAEICHH D (Miyoshi et al., 2009) ,
i3 AKERARIZ I N T B[RRI/ » 7 F 0 A2 Ko T IfI S5 (Zhou
etal., 2013), AHBIZEICIVT, ’\7‘77\?L7§§ MIfafkIZE N TRB3 2Bl X H72

EFETIMR M2TRB3 TI3Ma O A3 A B2 et S 4L, tumor xenograft
model D JEIFIRFE DI R & fERd S 172, \_i”bB@ En D, TRB3 A AFMRE D
HTHICI W CIFRICHERER Z R LTV D 2 ERRBIND,

AR ORFEDY DNA 58t & & BIZHEMNT 5 2 L3 <o T, Z DO
BRIX AR R B AEW) CTRIZER ST\ D (Jorgensen et al., 2004) , £ DO
M2TRB3 fiE5% T 9.4 £ 0.3 ym, M2mock T 7.0 £ 0.2 uym & HERE WA A
b, &nlz7a—%A F A MU —DOfERNS, M2mock #IEO KL 2
R LT 4 iR CTH o720, M2TRB3 fllIZB W CTIE 4 5K L< 1% 8
BRI 2 Ff > T DR’ A BN L T\ (Table 1), Danielsen &30
RE I LEHMEORREMEZ A L TR | 2 5K, 4 51K, 8 (A TROER)
FNFIN6.0-7.5 ym, 7.5-9.0 um, 9.5-11.0 um & L C\% (Danielsen at el.,
1986), ZiLH ZMRIEMICHE 25 & TRB3 XA EFH DL T a8 AL ohe
NEHLTNDZ EDNRBEIND,

AMFGETHER L7~ o 2508 ARERaER CI66M2 1%, #=x8rE% A9 25 Cl66 Alj
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OHifE T, HEAEMEENMESEEBRENMENZ EPAME SN TV A/ TH S

(Futakuchi et al., 2009), TRB3 DIEHLIC LV | B HE M ONSTHEAEDES A FL 5
U5 7>, tumor xenograft model TEIZE L7223, 24 ORESIDOFRBULA H 7
Mmolo, L, RIBHAEEIZET D ERFEEZR) 2 Clid, AT
TRB3 N EFHL L TV D BE L, BB L UMK T2 BT, DA
RENZ Ao, IMBRAEGFELRNZ ERHREINTND, TDOH, BE
DTY%IEEE LTTRBINFEHTH S LS 41TV % (Miyoshi et al., 2009) ,
L72i3> T, BADEMFEIZRIT D TRB3 OB O TA K O DS S
N5,

/ . dh1‘
(_apcics >

B - Cres D
{ Cell cycle J- <"""— —“““\

progression

Aberrfnt cell \-—;.J
| |

growth 4 h

Polyploidy/Chromosomal
instability

\ 2,

Fig. 16 Working hypothesis about the role of TRB3 in cell proliferation and
chromosomal instability

TRB3 DOl sE & OF DNA {55, QR R eI BE 95 A I = X LI
DWTILFig. 16 ® L HI1I2& 2T\ 5, M2TRB3 ffild Tid Cyclin B1 2% TRB3 &
EBIZEFEBLL T2, Cyclin B1iX, Cdc2 L OESGEREFEKTHZ Lick-
T, Go/M WIDHELTIZ & o THERERZFI2T, Y%= TiX, 3 TIZ Cyclin
Bl o F8EARaExF U H—FTHD APC/IC (anaphase-promoting
complex/cyclosome-cdh1) D&% TRB3 AAIZHITE L T\ D AlREME 2 #E L
T\ % (Ohoka et al., 2010), F£7-. TRB3 2MEEIZHIL < 7= Hela Hifaix,
HfREHOF T MBOEMEZSIEREITIEEHLMILTND CRBERT —
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%), 5%V, TRB3 78 APC/CM DiE 2 il % Z L 12X > T, CyclinB1
B R RIS S 2 EL L. T ORBENSEINT D Z L Al
JEAH, R M B2 (R U R I ilc o723 %, o, FITELAPIT
& 57, TRB3 OIEFIFEHLIC LV HEBEHR L 72 CyclinD1 1%, BElcL<EbnT
W5 & 912, Cdk4x°Cdk6 LHEEGIERAZTEK L, RB ¥ ™7 &) Uigfhd 252
LTk Ml EEE R OESEH bl T L, G #IG S Hl~D
BAT A2 1T X5 (Chellappan et al., 1991, Hunter et al., 1994, Weinberg et al.,
1995, Wilson et al., 2001)

I B2, Cyclin B XX Cyclin D1 28M@RIFEH T2 Z L2k - T, QA%
b L. 4450, BEE (52N) 2ITET 5 &0 ) fERCEIT RIBEIC~ U 2B
RS B ML AMIIERE TS ST % (Collecchi et al., 2000, Yin et al.,
2001), A&z X H5ic, TRB3 OFHIC LY, FHEJLHE L7z Cyclin B <
Cyclin D1 25ffla DYtk DAL EAL « EfEBib 5l & B 2 L. 2 BB OEE
&L RO A O REZRZ LTV A[EEENRZE X Hivd,

AWFFETlL, Cre/loxP ¥ AT L ZHWTE FTRB3IEIA T v AV 2=/
YT AETINVERACEHE L, R AT AL, R OEAL AR R AIC e B
TRB3 ORBLL G| EEH T2 & L FRETH D & [RIRFIZ, AR & BARIRE 1T 5 7
HHEREA RIS D 2 L bN b X Xy | BIGFBIRICRIL L2580 EE
MTHDH X7 BERT 2RERBEOERICHEHRT L2 ERAETH D, E
WMZH | TRB3 ORA~DOEFERI N RIS S TR0,

YA uA Vel a AR KD BRHICBE LTZIRD 5 HAEFENTL H1F
~ U ADHERIT K 23% Th D LA I TS (Wagner atel., 1981), £7-,
EENTL A~ T AD D HLENBE T 2T 5L 10-40% & HiE S
TW5% (Hoganetal., 1994), Ziu b DFERNBIF~ T A~DBEEFEAZNZRIT
2299%LERTE 5, AFEICB T D~A 7 nA Y=l v a ETIEERICE
T LTeRD 5 BEANER T EZ BT 210~ T ADEDHFIT 4 / 184 x 100 =
2% THY ., LiiHEEFE LRV,

Cre 8Bl 7 7 ) VAN A% EYe S 72 FTRB3 h 7 v AV =y I/~w TR L
AN~ 22N T, AEX, BEIRDODOT T ) U4 NV ARETRES
LIENMBNTEY, £, HEBBIENE S 2T, P, BiE. €L T
JTZDOWT, Blg2, BRI O 21T o7z, 35 & Mlls, B, 72 & N2l (data
not shown) D% TIL O R FANEV R R oz, Ll
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N6, BN TIE, B N TRB3 N7 VAV 2=y /v U ATHERERE N

O FFE e MR P B DB ST, AR~ T 2 O IR O O RN
6.4+01uym Tho7=DIZX L. B FTRB3 h 7V AV 2=v /7~ ATEKRL
TR OYLIFET 9.4 202 um TH Y | AR O~ 7 ZAF0 AMIBIZIIT 255 R
—K LT\, ZOFMEOIEKRIZ. thioacetamide 72 & DI AME DENY)
~OEETHERINDZ EbIESIN TS, 5T, Clawson & IR A
WV X DRZIERDY, IR 2 (A0 5 4 (A~ > 7 MIBFRL TW5D =
&AW LTV (Clawson et al., 1981),

JHAEAE CIZTRB3 DR BLZIN X TEEAER & W o T BB L B BEE S T= DTkt
L. P OV gk, Bili (data notshown) Tidk ~ TRB3 IZFHLT 5 M, HREL
fLIdBlgR ST, FREOZIICB W TR RMEN B Sz, TRB3 (A3,
flio> TRB 7 7 2 U —% %7 (TRB1, TRB2) Tt~ IE& 2% M O <
DFBUTES . /MaEZ B L AGURA LA KR A L AREDAX F LA
R L0 BERFE S, A FLRISEICEG L TWD 2 ERNRInTn5

(Bowers et al., 2003, Ohoka et al., 2005), =D, FFiZfhofAfikic b~
L) TRB3 OFBLEN mWW 2 &3 ST 5 (Bowers et al., 2003), =
DFEIR A I = XTSI EN TRV, RN FEICEL DX Ry
BEEGHRLTWD Z P DEFEWIMIUER FLABREZD, HDHWIE, b
RMFE., =X =2 EORBFOFLHEREZ R LTV AlEG TH D Z &
O, EAEINDOIEMERFZ R EICLHBEA R L AR EHEFENICH R S
LR HBDNELS 2o TV D AREMENRE X HiLd, £7- I TIEX TRB3
EARLENT D L AR S T bR EoriEELEZ NS, £, 2
D X H IR TRB3 Z @38l L TV 2 AFfia Cik, #i7- 24 A TRB3 @
FHNMD D Z L2 XV TRB3 OMIfaHEEAR VR & 384 5 S L B A i 2 J
BTrZlicbrl B LND,

Flo, HRABRA N LRIZE S THEINDS CHOP LW ORER 1L, A ML
AFHEVEOHIPIIEIZ B W THERBEX 2 L TWDH I ENRHLNITIN TN DA,
TRB3 (X2 ® CHOP |2 X > CiFE s v b L [AIREIZ, CHOP O#BIE ML RE & 58
<HIHIT 52 E B UEETHLNZL TS, DED, HrRA ML AZ2%
RS A S T U B O MR SE & RS BL L TV D TRB3 2340l L,
NALEIEBZ L TWHAEELEZ BN D,

i & e UC, g R OV i, B Gl e o 2 ixig L A E R b T, MRk
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FRRMEN R Oz Dix, X7 7 7 U A NV AD R G TRERIDROE
EWVDFHEE S o TWDIENIT, Ak, WRMEDO TRB3 OIEHLANTE Tldm
EVNIZEBRRD—DEEZXLID, S DI, v U AR AL M2 flifaic
BWT, b~ TRB3 OEFFEELIC LY, NEMED~ 72X TRB3 OFEELD L5H L
TWOHRRZFTIE Y, TRB3 B, #HE, HD5WITLENZREIZLY TRB3
DRBAIEIMTELZ LN, SORDLMREHEBILTVDHHEELER D
o,

KRG TITF o T BRI S D7 A NN AR EDIRL . TA VAT N5~ 7
ST <, R OlFER T TRB3 # @3S T2 Z ENHELVLONE LiL
20 Mg, B TH B b TRB3 OFIUIBILE SN TWDH A, Tt~ 5% &
FHUTER < | Bl Mg & THRROZ LB H /e 7-Did, TRB3 OFEL
EOMBETH LD AE TE RV, PlESCB I & Slasfr a3 81
LTWACre DI AV =7~ ALAEe NTRB3 T v AP x=v 7
v U AR S, KlEgs CO TRB3 # @RI ¢ 2 Hikd L -T, fma
THENRD D,

Rtk 2 @lzt+ 5 &L XL b » TRB3 235HL L TV AT K3
> TWEDIT TR, BELTOHWARWHRTHLEERNALNLD LD
b5, ZAUTRIELEAD AT THDLREELGEITXTE 2028, & F TRB3
T TR & 72 B b, A MU A e EOWRMER oM e S A L
T, BEEL T oMl fmiZ s T, M2 D EHE L TV D RS E R S
o,

b RO AR AAIIEL Tl TRB3 OIEEIZEH AN HE STV 5 (Bowers
et al., 2003, Xuetal.,2007), JEKII R TH D25, DAL, KEEROK S
A=A L WS TR OB/NRRIZH D . 2O L9 RRULF TIEA b L RIRE
WNIEMHEE L, DSAOEMAL, FHIMHE L ORE LRI TV D, BEAAT
X, HFET 27200 FLX — [T IR S S, BENRRKE L RDIC
FMAEF AEDLETH D, LL, 2IRICHEIET 2 28 A T, a8 84
BV SN OIMAE 2> BB TZFT Tl TR OB DG S,
IO XD B OIS, K7L a— RIS TS EEZ HNRT
Y (Tredan etal., 2007), EFSLEBEBVDARE L TVDIZHEDNDLT, BAM
RIS 2%, ek K o1z, RBEHEEK 7 L a—22 k> Th TRB3 OFEHL
FHENELLZ D, BDAMBOEIETHED R & LT TRB3 25 LT
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LA REMED B B,

AR TIL TRB3 OFi7=7ebeE & LT, 23 MR O FE(EAE & FIRZAE R & v
DR~ DEEN L SN, R, BRADA T = A NILL ORI
LPOHLNIENTETWEA, TRBIIFH LWBRAELBFO—>2E LT, IE
HICIET 555 THDHAREMEZ D TS, 5%, LFERENARLT A L AFEN
ATe EIZBIT D TRB3 O&EIZ i L TIT< & & HIT. TRBI BB ASCEEI Y ¥
~F. BREE(L 7R &L MR OMEFETCEN B G925 L O R R OIREIER - &
7209 LML H Y. ABROI LR LMICHIFE LT,
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TRB3 (X, =V AP AMIEOWE Gz et L, & SIS O R 21K
S HIREE FFO,

TRB3 %, VA XD REZFHFE L, MlaDEieIZwEr 525,

TRB3 L. M@0 @b 2% L RO ZEMNICEET 5,

fElL7zt F TRB3 F T AV ==y 7 <7 A%, HikicHiT5 TRB3 ©
BT T O FERELTCTHEHTH S,
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556 & EBRME RO iE

AHIEEE 5%

293#fn (& MARVEREHMALAR) 1X. American Type Culture Collection (ATCC,
Manassas, VA) L VIEA L7z, 293 fifa Tt HepG2 Hifld (& N2 AL
¥%) 1%, Dulbecco’s Modified Eagle’s Medium (DMEM) (Wako Pure Chemical
Industries, Ltd., Osaka, Japan) (Z10% fetal bovine serum (FBS) (Life
Technologies, Inc., Rockville, MD) %/l 2 T5% CO{7-7E F37°CTH%& L 7=,
Cl66M2 (M2) (~ o ZFL2s AMERaRK) 1%, Dr. Rakesh K. Singh (University of
Nebraska Medical Center, Omaha, NE, USA)  (Futakuchi et al., 2009) X  fit
H.Z3, DMEM |Z 5% FBS %Nz T 5% CO, 71E T 37°C THi#E L7-,

A

Flag-TRB3 (Ohoka et al., 2005) % filfRE£= Y1 b BamHI KUY Xhol % i
L . pcDNA3.1-Hygro X 7 % — ( Life Technologies ) Z #ff A L .
pcDNAS3.1-Hygro-Flag-hTRB3 % {EfL L 7=, El%% DNA o —74 o —IZ THERR
L7,

TRB3 ZEFHik M2TRB3 D {EHY

M2 #fl f2 (2 Lipofectamine 2000 ( Life Technologies, Inc.) % H v T

pcDNA3.1-Hygro-Flag-hTRB3 ( M2TRB3 £k ) & 2% X 28 X 7 ¥ —
(pcDNA3.1-Hygro) (M2mock#k) # F T A7z v a v Lz, ~"Af 7 u~

A (Wako) ZHWCT I AT7 =7 v a VBHEEOE LY > a U EITV,

M2TRB3 #RIZBRAARIEIC LY 7 v—=07 L7-, TRB3 OEfa 3B IO

LRI 3BLE RT-PCR (B O = A& 7 ay MZEVHER LT,

I ) Y G AR AT

M2TRB3 %} M2mock a4 1.0x10* €% 6 well plate ™45 well ([ZHEFE L .
0.5% FBS % /nx7- DMEM T48FFfHE:%8 L7z, 48Kf[H#& 10% FBS %Nz 7=
DMEM (T2 23#a L, Z OKE 2 0BFfE & LR 20, 24, 48, 72W§f ClH
IR U7, [BIR L7=#iE 1 ml phosphate buffered saline (PBS) (2 L. I
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BRI Burker-Turk (Erma Inc., Tokyo, Japan) % U CHlifinsk 2 0 L 7=,
FHH U 7o Bl > b MR E AR AR 2 AR L7, AT I, =BIL BAT o 7,

Tumor xenograft study

43, HE> BALB/cSlc-nu/nu <~ 7 A% Japan SLC, Inc. (Shizuoka Japan)
FOBEA LM L7=, M2TRB3 KTt M2mock #lifd 1.0x108 & %~ w7 A g6
KT Lz, MEYA X (mm) XOMEKE () (FEIZ 2 [BIE L7, 5
AREOFHAERIT V (mm®) = & x @ x JES xn/6 Tith Lz, Bhi%35H
TITRTO~Y T AL ZHELIEHE L, SRR X, EnEE, i
Hi, MOERELZIE L, T XTOEMERITA & RIS KT EZEREMITIE
BEE L Z—OREBANGES TIThN T,

Sa ARk AORENT & 1Y PCNA labeling index Dl E

N7 4 YR @-um) X~ v AMEE R T L0 BIER L7 g, ~ v AT,
M, BEVIER LT, 1% 3% H0p, T100 I E L, NEMH~LVAF &
—YOkEEI T, Y& 01 M 7= Ny 7 57— (pH 6.0) TEBL,
i T 6047[HHT PCNA Uik (1:50047#) (sc-56; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA) & L <|Eft FLAG #ifk (Sigma, St. Louis, MO) THLEE
L7z, “IRPUATHLEE®% ., ABC kit (Vector Laboratories, Inc., Burlingame, CA)
ZHH LTt L7-, PCNA labeling index 1. PCNARG AL S/ HIuEZ £ L v
IR L7z, BMEFICOWTIORE, %3 4001512 T 3001E 2L E ook 2 & HAl
L7z, M2TRB3 K&U M2mock JEZHHAL, ~ 7 AATHERRIZ W T, Ml o 21
EZ£&13Olympus DP70 system (Olympus Corp., Tokyo, Japan) % i L 7-[Hi{4
FRATIZ & o THIE L7z, B IEE & OB AT IS DWW T4 EF, 53R 400512 T
100fELL oM A FHRI L7z, Cre®8LT 7 ) U A NA % EYe S - AR~
AL, B F TRB3 R AV x=y 7~ 0 R I8ILMEH Lz, RAEDEAE
M2 AR ORLEDOE N TRB3 N7V AV =y 7 <0 A IF1EMHEH LTz,

Flow cytometric analysis

M2TRB3 & 8 M2mock #fifia4 7.5x10* {8 % 9-cm plates (2 #&HE L .
0.5%FBS %#/inz7- DMEM 51T 48 BFEiEs&E T 5 2 & THllnZ Go/G #iz
A 7=, 48Ff[Hi% 10%FBS %Mz 72 DMEM |ZHiizzcH#a L, Z OKFfH]
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ZORFfE] & LAla 20, 720 TR L7z, B L7242 1 ml PBS TH&HE
L.5m ® 70% =% /—)%z 4°C T 307LLEEEL-, =%, bk
i % T, RNase (2 mg/ml) (Nacalai Tesque, Inc., Kyoto, Japan) % flx7-
PBS %400 ul &% 1*400 pldpropidium iodide (Pl, 0.1 mg/ml) (Sigma) % @0,
et LY 7l Uiz, 3o 7 VP ING RS T ER IR C304 LA LY fa L, 60 um
Ay ¥ 2 | TR LAEATIZ V7=, FACSCalibur (Becton Dickinson) Z1{#H L
THIE#. CellQuest computer program (Becton Dickinson) % F CR#MT 217
-7 (Suzuietal., 2005) , f#TIZ =ML F1T 572,

RT-PCR and PCR assays

#i2>5 ISOGEN (Nippon Gene, Toyama, Japan) % i\ Total RNA %
H U7z, i U7z RNA I 1 pg/ul (2B LAEH L7z, RT reaction mixture (4 ug
total RNA, 1 ul 10 MM dNTP (Life Technologies) . 1 ul Random primers (Life
Technologies) . 7 ul ZZE/K) Z/ERIL, 65°T 5 /] BB SH, 1 [k
% L7=, 4 ul @ 5xRT buffer (Life Technologies) . 1 yl 0.1 M dithiothreitol (DTT) .
1 ul RNase out (Life Technologies) & " 1 ul of Superscript Il Reverse

Transcriptase (Life Technologies) # /12, random primer ®7 =—Y 7 %
50°C 60 %>, cDNA DO % 70°C 15 44T\ . ¢cDNA @ 1 yl % PCR 21>
2o PCRIZHWEZ 7 A4 ~—OHERINILL TOWEY TH S,
Cyclin B1-specific 77 4 ~—%& > k
CB1F : 5-GGCTGACCCAAACCTCTGTA-3
CB1R : 5-TGCAATAAACATGGCCGTTA-3’
Cdc2-specific 77 4 ~—t& v b
Cdc2F : 5°-CTCGGCTCGTTACTCCACTC-3’
Cdc2R : 5-TCCACTTGGGAAAGGTGTTC-3
Cyclin D1-specific 77 A ~—1t& v K
CD1F : 5-GCGTACCCTGACACCAATCT-3
CD1R : 5-CCACTTGAGCTTGTTCACCA-3
Cdk2-specific 77 4 ~—t& v I
Cdk2F : 5-AAATTCATGGATGCCTCTGC-3’
Cdk2R : 5-TTAGCATGGTGCTGGGTACA-3’
Cdk4-specific 77 4 ~—t& v I
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Cdk4F : 5-CCGGTTGAGACCATTAAGGA-3’

Cdk4R : 5-CTGGTCGGCTTCAGAGTTTC-3
p53-specific 77 4 ~v—% v k

pb3F : 5-TGGAAGACTCCAGTGGGAAC-3

pb53R : 5-AGACTGGCCCTTCTTGGTCT-3’
p21-specific 7’7 4 ~—t& v

p21F : 5-ACGGTGGAACTTTGACTTCG-3

p21R : 5-GCTCAGACACCAGAGTGCAA-3
human TRB3-specific 7’7 4 ~v—1& v k

hTRB3F : 5-CAAGTCGCTCTGAAGGTTCC-3

hTRB3R : 5-CCATCCTACTCTGGCAAAGC-3’
mouse TRB3-specific 77 1 ~—+% » |

mTRB3F : 5-GTATCTCTGGTCCCACGTAG-3’

mTRB3R : 5-CCTTTTGGAACGAGAGCAAG-3’
B-actin-specific 7’7 4 v—%& v K

actinF : 5-CCGTAAAGACCTCTATGCCAACA-3’

actinrR : 5-CGGACTCATCGTACTCCTGCTT-3’
Cre / loxP recombination 77 A ~—%& v k

CAGpF : 5-CGTGCTGGTTGTTGTGCTGTCT-3’
geno-hTRB3R : 5-ATCCGTCGACCCTTGTCATC-3
Interleukin-2 (IL-2) -specific 7’7 4 ~—t v k
IL2F : 5-CTAGGCCACAGAATTGAAAGATCT-3
ILZ2R : 5-GTAGGTGGAAATTCTAGCATCATCC-3’

777 5DNAIZE FTRB3 N7 U AV 2= 7w U A ROEAER < 7 ZH KD
MEF #fin L v #itH L7=, PCR A Z W idd _CTEZEM: % 0.5 4y 94°C.,  primer
7=—U2 7% 05%560°C | HEKI%E 147 72°C, 26~30 1 Z /L C iCycler

(Bio-Rad Laboratories, Inc., Hercules, CA) %\ T17->72, PCR %% ® DNA
Wr Jr 1% ethidium bromide THstatk, 2% 7 H 12— A 7L CEXIKE) LET 21T -
7o FEMTIX ZEILL BT o 72,

T AKX T ay k
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AfeiE radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris—HCI, pH 8.0,
150 mM NaCl, 0.1% sodium dodecyl sulfate (SDS), 0.5% deoxycholate, 1%
Triton X-100) % AW TIEMESH, X o7 i L 1 pg/ul (RG> 70
& L7z, 7 vix SDS-polyacrylamide gel electrophoresis (PAGE) (12.5%)
THEXPKE), polyvinylidene difluoride (PVDF) membrane (Immobilon P, Millipore
Corp., Bedford, MA) |ZEEE L, —&$FUE KT horse radish peroxidase (HRP)
TSN ZIRGUA TR LTz, AW —kEUKIZLL T DY Th 5,

anti-B-actin monoclonal antibody (AC-15) (Sigma, St. Louis, MO)
anti-CyclinB1 monoclonal antibody (sc-245) (Santa Cruz Biotechnology Inc.,
Santa Cruz, CA)

anti-Cdc2 monoclonal antibody (sc-54) (Santa Cruz Biotechnology Inc.)
anti-Cdk2 polyclonal antibody (sc-163) (Santa Cruz Biotechnology Inc.)
anti-Cdk4 polyclonal antibody (sc-260) (Santa Cruz Biotechnology Inc.)
anti-p53 monoclonal antibody (sc-126) (Santa Cruz Biotechnology Inc.)
anti-p21 monoclonal antibody (sc-817) (Santa Cruz Biotechnology Inc.)
anti-TRB3 polyclonal antibody (sc-34211) (Santa Cruz Biotechnology Inc.)
anti-CyclinD1 monoclonal antibody (556470) (Becton Dickinson, San Jose,
CA)

anti-Flag monoclonal antibody (018-22381) (Wako)

anti-FLAG monoclonal antibody (M2, Sigma, St. Louis, MO)

HLhTRB3 &7 4 FHiifiF 13Tk~ 2 LARTIC/ERL L 72 & D % L 7= (Ohoka et al.,
2005) , PUARALEEF%. immunoStar Zeta (Wako) %AW THEL L., X%
Light-capture Il (ATTO Corp., Tokyo, Japan) (2 CHiH L7=, fENTIZ=RICL EAT

-7,

ERTRB3 F I AV x=y /< ZDOEH
pCALNL5 ~7 % — (DNA Bank, RIKEN Bio Resource Center, Ibaraki, Japan)
(Kanegae et al., 1995, Tanaka et al., 2010, Niwa et al., 1991) D ifi|[RE£ZE
4 & Kpnl K O Swal |2 Flag-TRB3 (Ohoka et al., 2005) % #fi A L
pCALNL-flag-hTRB3 # {E#! L 7=, pCALNL-flag-hTRB3 (% il [R5 A k
Sspl/Hindlll TYIBR L7z, 2> A N F 7 hOEEH|IZDNAY — 7 3 —IZ THER L
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2o COS7 (77 U H X RV PR Mark) (X ATCC (Manassas, VA) X
DEEAN L., DMEM 2 10%FBS %12 T 5% CO, {F7E T 37°C TiiE L7,
FBL7'Z A I K pCALNL-flag-hTRB3 &% (’pcDNA3.1-flag-hTRB3 (7R 7 1 7 =
> hr—s) . pxCANCre (DNA Bank, RIKEN Bio Resource Center) . %7
2 —pCALNLS (#7472 hr—/) % COS7 #ilaic FUGENES reagent

(Roche Diagnostics Corp., Indianapolis, IN) Z#H L CrI7 27 =27 v a v
L7-, 6-cm culture dish ZfEH L TEEL, ¥ X\HtEHB TR T oy
MR L7z,

hTRB3 (Flag) OXBLRILZMEHNT L. Cre/loxP + A7 ANIEHIZHERE L TV
B AR LT, BRL-E b TRB3 ARG 222 52 b (Fig9) %
C57BL/6NcrSIic ~ 7 % (CLEA Japan, Tokyo, Japan) DOS&EUNRIEZIC~A 7 1
Ayl var iz, Wit184E DM % {41z C57BL/6NcrSIc ~ 7 A2 HE
L7z, BIEDT7 7 v X —< T AR5, PCR IZX > TEABE T OMRE
Tole, BONTZAED N T VAV 2=y 7 77 P X —< U RAEHERD
C57BL/6NcrSIlc v 7 A & ZNENRBL STz, EH SN -3\ OFOR XY 7
/2 DNA ZHh L, BIEFROMRIZHEM Lz, PCR XL TO T 7 A v —
A L7,

geno-hTRB3F : 5-TGTCTGGATCAAATCCGAAC-3

geno-hTRB3R : 5-ATCCGTCGACCCTTGTCATC-3’

AWFZEICRBNWT, fERlSN7Z FTF v AP 2=y 7 <7 A% NCrSIcBL6-TgN

(hTRB3) ¥ & (hTRB3 w7 &) L A4fTIIHEH L7z, =7 A% 12hlight/12h
dark cycle @, IREEHELOERFAE S NTHRBICT, TITRATF v I r—v
2R L CRE STz,

hTRB3 ~ 7 R JI5 R EHEIEMakk (h\TRB3 MEF) (X hTRB3 w7 2 X b MEF
XA~ Z LD ERIL T, M~ D 228 %, 14H TREFEEH, IRl E
M X 0 UIBR LTz, B R ONIRE RE%R, B Xy T 4 VI BAHERRKE & F
THRIBEZMNL G, D%, 1ml @ trypsin/EDTA (Life Technologies) %
Mz, 37°CT1543[H incubation L7z, %t T 10% FBS #l DMEM Z % .
DA EERMEFME 2 5 A 72 Big 2 552 (2 L7z, MEF #ilfi2iZ10% FBS iR
il DMEM ZAfEH L ThE& L7z,

hTRB3 ~ 7 A28V T Cre/loxP v AT ANIEFHICHEEL TW\WD Z L 2 ff
W 5712, hTRB3 MEF K TY MEF #fifad hTRB3 mRNA K OVH o737 %
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BRI Z AT LT, 77 / 7 A /LA Ad-CAG-Cre (Kanegae et al., 1995, Tanaka
etal., 2010) X, 10% FBS ¥/ DMEM Zfii Jfl L CHE#& L 7= 29340 (Sl Yuty
f§#% . Vivapure Adenopack (Vivascience, Hannover, Germany) % ffff L Tk
BL7-, UA /L APEET Rapid titer kit (Clontech, Mountain View, CA) % {
L CHlE L. 1.0x 10" pfu/mliz#%4 L7-, hTRB MEF }% (% MEF #ifa% Cre VU
ar e —+¥ (Cre) BETF /7 A/L2 (0,100, 200 multiplicity of infection

(MOI) ) [(Z2WFfHYs &7, JYetk. 48FF[10% FBS #s/ii DMEM % f# H
LCHs# L., 7/ ADNA, Total RNA KOV 37 R LT PCR, RT-PCR,
LT AKX 7 vy MIEH LT,

hTRB3 ~ 7 A|ZT Cre / loxP ¥ A7 ANIEFICHEREL TWD Z L 2R L
7-1%. Cre BT T 2 A LA (1x108 pfu/~ 7 ) %4HED~ 7 2 BHk L
DG Lz, #E5%100 TRETO~ T A X ZREIESEHHB Lz, iF. MEORE
7 PIRAYFIT AL & i B 7 S OV 8 ik ORI D 72 D I T =8I T HIBR LALER L
oo TRTOMPERIIAL HET R FERENEHE & 2 —OfaEHH]
\ZHE - TIT b,

Statistical analysis

M2TRB3 K Y M2mock ffifad#lflaEk o thik, S Mla O FERZE O g, B K
TRB3 FN 7oAV x=vy 7~ A ROEAER~ 7 Z O[Tl O O g
I% Student's % L <L Welch's t-test ZfH L Tt L. P <0.05 ZHFET
boHE Lz,
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