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1. #8

FEHBRIE R IERRICEHBR L TV D23, TR OTRHE TILE IS IEF Lk~
RITEHI SRS S 4L, BUBBIRE O RFTHRE DR TRO b D, S HIT,
FEOTIIC L0 BURBUERZ M IR 2 TH Y . BURBRIC X D IR IfF T &
BROVEEOEDMONTWD, D7D, B OEYFRINE & W &
o3t & B LTSI OBERIUEEN RO 5T D (1,2),

Z DX D 7RV T THEBIBIR OEREADH R bIED LTV D, bR
BOFHRIZESWT, FH MDD ZRITHICRE LT 5 2 & T, RS
B 72 IRG 2 WIRBIC T 2 ZIROTIRIAIRIN M T D K i o 7z, 2D%, &
OITHEE 72 R BF DR B TR & FTREIC T2 2 & T SR AT e% (IMRT)
MBATE Sz, IMRT X, IREFHEIOREEAZ 2 B a— 2 — 3 AT AT K D

B EtEA1TH 2 L CEBRT A, 203 27 NEE—FREPAN O RS 24

il
&

BOXBENZ 3T CHREMBEZZLSE D 2 & T, BERRZE DS mies Rk 2 B
DTS A T h . ERS MR~ O BRI E O] & IR~ D @ & D& G-
DN ARETH D (3),

Fio. B TRCRER e EORITRICIET 7 v 77— 7 BIGRMbN TN D,
ZOBGUE, KRR IEIC AT T2 D LT O R F—F RN DR,
—EDREETRIHS 2 LHEOME L DM LWHEEMEZRKBT 52 LI
BRI, LieR>T, ANE TRY bHEEAZEZ THWERNBTO= 1L
F—(FGPHERENCRE L RDMBAMETERT D, ZHIT L0 SRS T

IE AR~ D PR 2 T TIRIRZ1T O 2L ATREL 70D, 2D X ) Tohi ¥k &



FIH L7 BEIBRIIAE I TH Y AEFR DR ERESNTND 4,5),

— 07 AR O W B R R I B AR O S BT K DI shE oM B2 T
<L EERE L TCE AT RAHBICES LR bALNL TN D,
ZO XD BRFRED—D L LT, BURHBBEFIRRE IR D, HsIaH &
BARTIER & OMAE DRI L DRFEENREE SN TS (6),

BIAFIRIIL. FIEOBIBFHRELZERIRKET 57200 kL LTERS N,
R L TE 7o, 1990 4FIC ADA KABFEDIEFIE & L COKETIX U TR R
PITOI, ZO0O%H S I EFIERKEBICH L TEL OBKRRBRA{TTOh TWnD
(7-10), WAETHZ < DBEKHBRBITONTEY, ZAETHREIKNETH
STERRAICHRIETE D X 22 iuE, FEROERO—HEZHE S THAH D L
S d,

WE, BRI SN 2BIFIE, VANVAREEHKRET LM T nE
— X —TRBTLHZLICLY ZOBIBTFEDDREICHE SN DA, BIFRY7Z2
MRED HIBLEOFEMLMENIATON RN &LV, ZHUTEh, RELT
WD IER 2B EY S B OMIIZ G S D Z & T, ZHE TIZRWIAR
IRERTH DD, Lol b, BASKZEETFORBIEETH Y .
ZOEMDPREICHEIE SN D20, GEIZ XK > TUXEWEM Z 51 & i 2 3w aeE
bIEfIN TS (11), FRTEOBMEFIERIZE W T, Mzl sk 27
& afiole VXV BEORIBTFEMAT 256000 (12) BRFRIEME
BT OREFFITEFEBI~OLEL RSN D,

ZOX DI, BEBIERE, B TIRROmHE & BICEA, EI e S h T

WD, BB FRRIE. 2D EMAGPED 2L TEBAEWIHiTTE



HOTIFRVNEVIRETH D, HEIIIE, BB IEEEMT 28R
F a2 7150 BEHRIC & 0 IR Is T ORBL AT+ 5 kR L3z
Fond, BEROGEEMAGDED Z LK TREORRI, 22872
ALY BEICRY . S5 BRICET 2 AR ER L OBREFRE
B2 D2 LI O D LB, BIEH O ZhRE IR O
PRSI D,
ZOEIBREFROL L HERORM CHRE LTI TE 2B FHB AT
2w NLRNCHEEET 5 Z L TEid, BB AR TtE s 25 2
Teo FTo, FEERROFET, BB ORI L B FREALHIETE 5>
AT LOBENARE ThIUL, LV Z < OWEBEASISHO RN FTE 5 &
BARL WIEICAETF Lo, ARFE TR, B CIEIEE S 25 R 7 Of & BLS
AW RE G FIEEAOAN T o —2 — 28 L, Zhi BREG T

DFEBLHIE N TIRHRICH O ATREMEIZ S W TR L7,



2. K

2-1. B8

Bald, HOHHRIREHC L A% A= 1T T, A b L RASEBER O RS
BBInF IR EOBIGTFORBLEARBET L2 RO TVD, ZhbDOBERT
D7 1 T—H—L, BRI X 2 BB TR ~OFIH FTREES R ST
%, % 1X. Hallahan &1L, WIHIREICEBIEFDO—2TH D egr-1 Bin D
BE— X — T 5 & TSR T (TNF) OFBLZ BU# CHIE T %
ZEERLTE, BT, vUVRICBHE LICERBICZOBBETF Iy NEEAT
D 2 L TR Z ST LT INF OFBLAE L, BEIHIEE & Bis RO 5
DI DA G DENRAIRE TH DL Z L Z LT (13), L LR s, RKRDT
71— —JIEHNRRA R H Y | RFERICHICHWN T WSS H D &
bivd, £ T, Beblid, BORBRMIOSE L e tbd 57 rEe—2—%
U & LB T REAGRIES 2T L2 HE L, MR8 T RE~OF %
fREt L7z,

NI 7 v — 2 —DIERIER W RIEIZ BT 2 & 132\, Lib i,
Ry A 2R B 7 OFE GRS e E A MG, ik CEVEE A RO~
2E—X—%FE L7 (14), ScottH D7 /V—1L, egr-18in 7 BE—HF—D
RN E B G- T 2 BRI A EER G LI BR 7 ne—%—0, B
AR Degr-1BIn 7 RE—Z — XD BIEMERENZ & ZOREESIH O
BTGB MRS H E 0 BRI N R EE RN L (15,16), FHx b,

KIGE T 1t —F —{EMEO 2 W ELEMW ML 7 2 AR ODNAW 12T



BRI BEREPEANTHZ LT/ re—F—EEf5T&b2E (17, Ry
ATANADT v —F —{EEEZ R THEODNAR T A G b D 2 & TEHN
EEDSOPMETE L2 L (18) (FHIHD T 1T — X —DHEREZDNAY v
Y7V ZICEVHRTESZ L (19), Fio, T OEERFRH GRS &
MMAGDLELZ LT ueE—4—{EHMEL L ODNAWTA M EEETE 52 & (20)
I ER LT, TaE—% —BDNAD —REE CTh DA 7T E—D
DHENALE LT Y N> TEBY | BER 72 EOIREREES 7 BRkiaT 5
ZFNHEHNS T FANES L THEL TS EEZD L, Tt —F — DO
RERIFZENZEREETIT VW EZEZIOND, LL2RE, [F LA THER
FBRFICHSFBHFEINLGE D, ZEALERBINRVWEELH L, 2T

BZ 5L, DNADERERS T VY = X7 4 v 7 2Efi, S BITIEMODNAR
ERTFEOBBRREBRY DT 7 A N UIRERFOREGICEET L2072 L
Ebhsd, LLENRL, 2o 7ee—4—0OWEIZEDO L IITEET S
MITERITIT LN R > TE LT, #Hell, M T OIMEELR - AL
E—F—EWET HIGG. LTORFEZREECL TWnD,

ZZTHREL Bl BMEEZF TR FZRINL . 210 OFE &/
T AN AEDESFIEICEY e —HET L E LT, T
7B BRI CIEE LT 2B DIRER 7 2RI L, TN BNHEAT 5
WAERSZ 5T DNA WMiF 22N ENEK L TT7 V& LMTHAGbET%IC
TATA R 7 ARSI EFEGT 2 2 & T, Bix RBREDINEMZ R -7, BU#HRIC
INE L TIEMAET 2 7 re— 2 —PEE x5 P L (Figure 1), Z O Hk

(CE VRSN D T v —F —DORAREET, BEBICEERTRIND O



Th., ZLDOLOPBHBETEM LT LEEZ2 NS, LTER->T, 20K
ETER T, BB/ NS WA DT e —2—F3 4T T —=Mn5ThH,

HEOMWEZMA 7T nE—F =2 TEL BRI, MR EDT—F )
O EBRIZIGE L THEMAE T 285K 7 L LTHS 65TV %, Nuclear
factor kappa-B (NF-xB) (21-23). Nuclear factor-Y (NF-Y) (24), Activator protein-1
(AP-1) (25). CArG binding factor-A (CBF-A) (26) Z#EIR L. Zh 5 DOFEAAELS
T OB LIHREG LI n e — S — DR LR T, SHIC, MELILTeE
— 5 —D ) LENTGEZ RS S DIZOW T, in vivo TOREMEORIGHEIC
MM SN D HEEETFORBEIE 2 LIV THEER L, 1B o rRErEIz -

WTTRRES LT,



2-2. MHERE

2-2-1. flif L X7 T V) T B IOFDEE

b B S 3K 0O HeLa filads X OF CaSki Ml & b AN B 3> DU145
Miflel, PC3 #ffidds & OY LNCaP fifla, b b¥UEMIE b ko MCF7 fifld, HMC1-8
AiEF KOV YMBI A, & N B RO A549 #ifla, & kNl B ko SBCS
Mifa, v MEAMERSRO Sa0S2 Mifdis LU Hs871.T Mifid, b N HENE koD
AsPC1 #ifazfEH L7=, HeLa i@, CaSki #fifZ, MCF7 #ifd, HMC1-8 #Hjid,
YMBI1 g L O SBC5 i, b a—~ ¥ A = AWFREFE A 7 Db
A L7 (Tokyo,Japan), 7% O#MMLIZ->UNTiX, American Type Culture Collection

(Rockville, MD, USA) HHEA L7z, 9~ TOMaiL RPMI1640 F5H#1IZ, 10%
DRI & WU RBEED =) . ANV b~A T U LB
1T, 37°C. 5% _FR{LRFIFFPASK T CHEE LT,

T, AR CITMABEZ L ha UA NVAFEAR Oy r— o JHlildE L
TR 2 Ml CTd 5 AmphoPack293 il (Takara Bio Inc., Ohtsu, Japan)
M L7, 2 ofilaix e Ha IR E g >k o HEK293 Ml HAEH S TR0 |
5 AHICEASNIZE 1 = —= 7 X ME 7 A LA D gag BAGT- & env G T
ERBLL T, UANADNNy r—2 0 ZIZER 2D OB FED Z a3
Do N r—U  THIIAICE NS NI A T A NVAERI 7 23 Rk
WESZHET DL br A VAT ) kR RNA DRGS0, U A /L ARRRL I HY
DIAFE AR RIR IS SN D, ZOU A )V ARRRLT-REIX, raml ZHFEKZ
Rk T2 Lic L v~y A LS OMIEIC bR Z R Tl RO = e —

RN B R LTEREY, vV AZII LD L L% < OB IR



Yel, WEDOL ha A )L A5 ) LEERNA 2 AT 5,

BAR FHEESERICIL, KIBE DHSo #ko = v —7 > &/ (Nippon Gene,
Toyama, Japan) Z i/ L7z, KRIGE OEEFEIL, 37°C T, Luria-Bertani 551 (KU
TRV 1% (wiv), BERE= X R 0.5% (wiv), Bk U DA 1% (wiv) ZEHL
T{T - 7=, Luria-Bertani 55 #1 D #4433 "C BD Diagnositics £ (Sparks, MD, USA)
MBIEA Lo, T X TOBERT#IEFESRIL, Sambrook & Russell DFLIR A4 25 (2
L7= (27),

222, I —H—TJu—TXRJ BRI aE—H—TF4 77U —DEE

IO, BELZToT—F =2 EATLILTIROLY T =27 =8
BFEHRHAL, ZNEEEICEALLZ R E—F —DWEEM L DT
D TRT—H =T 0T RTZ DR EB o7, £9, DUI4S s
S LSy A DNA 2RI, Mo T T A —
5’-atggtaccttccgectggeccacgtgac-3’ 35 L UV 5’-atgageteeggecggtgctgggctegtt-3° A {5 H
LTPCR 2B I\, B hALLF 7T —E 1 #5177 rE—4—0 TATA
Ry 7 ABLY & & Te DNA B R 2380 L7z, $80E L 72 DNA W7 7 13l BREZ 3% Sacl
& Kpnl THHIE L. 77 A I K pGL-3-Basic (Promega Corp., Madison, WI, USA)
@ Sacl-Kpnl E3A7(ZE A L, pGL3-TATA #HE5E L7-, KIZ, pGL3-TATA % R
f#s% Sall THHIEL, Z L/ UMW CRBBLIZRICEL 7 T4 — 3 V&7 9
ZETAY A VTITOFT S TRANCAFAES D Sall GRaEREALZ AE L |
pGL3-TATAASal ## 4 L7z, WIZ, LAYV I X7 LA F R

(5’-cggagtcgactecggtac-3’) %7 =— VU 7 /3> 77— (100 mM NaCl, 50 mM

Tris-Cl, pH7.5) HC, 95°C, 5 /0L L7 ICEIRICHE L ChRmT52 & Tk



V7T =—1U 7 L, pGL3-TATAASal @ Kpnl #ALICE AT H Z & T
pGL3-TATA-Sal 244 L 7=, Z ® pGL3-TATA-Sal I%. Luc i&f5 O LIz
L7z TATA 7R v 7 AR DY < Efitic, 2=—2 72 Sall §fL 2 FF>7 7 A I K
Th., ZOMMICEEER ARSI EEATLHZ LT, 7rE—4—J4(47
Z U —EREE LT,

IrE—F—I, AR LIZEERF AR E T X LITHAE DR
pGL3-TATA-Sal ® Sall #ZIZEA L, TATA AR > 7 AFHIO EFEH IR B
FREABIIZREST 52 & THELL, H—D7mnE—4—I9A4 77U —%{F
S D7 DI L B iR B K F 55 S Bl %, NF-«B (5°-ggaaatccec-3’,
5’-tggagttcce-3’, 5°-ggaaagtceee-3’)  (21-23) . NF-Y (5’-cattggg-3’) (24) . AP-1

(5°-tgtctcag-3’)  (25) . CBF-A (5’-ccatataagg-3’) (26) Th D, Ak L=
NHOFY AXT UAF NiX, ENENOMMERSNET =—U 7 L AR
DNA & LT L7z, [FERIS, Sall @A DR 2 Z Lo A Y X 7 LA
FRLEAHR L, fHffHE T =—V 7 LTz, ZRHOEMDNAIL, T4 7 —A
IZ L DB AR E L e X 512 SN 5 gate-3 DZEHESIE N LZ, 7=
— U7 LA DNA IE, T4 AU X7 LAF REF—B TR Vg%
L 72% 12, BRER RS ARSI L9, Sall sRakEcy &2 & te G4 ) 2
X7 VAF RIIZED 100 53D 1 MR TIA 5= a Vs ET>T2, T4 57—
va YOG, HIFREESE Sall TYHL L7c, ZOWEb L7 DNA W27 Tm— 2
TIOVESRKENCAL L, 50~200 bp F2E DY A XD DNA #Z it - L7,
pGL3-TATA-Sal & fi|[RE%E Sall THH{ELL, 7B 7+ A7 57 % —E (BAP)

THEE L7281, 7 —ATZ b LI-DNAWIR 27 A 7 — 3 > i



2 X VB A L7, pGL3-TATA-Sal @ Sall FZICHREAM A ZREF L TWE T T A
T RO L BRI 1O T A I &8 R UIEZIC pGL3-X (X 1 1~11 T,
HEELZZIEE) EWOAHTE o, o7 nE—2—53 477V —L LI,
ENENDTTAI RITEENDL T BET—F—DAFRE, /7r X FrE—H
— &t L7,

BT ue—2—74 77 ) —=bIREEEDO FTIETER LIz, W ohn
DRCTHREZToT, £T, VoE—4—Ta—T7 X7 Z— %, KHIOTvE
—H =T AT TV —=DT T A K pGL3-11 % #lRE£#%E Kpnl & Sacll TiH{L#&IC
JVI)OUTTITANTHUHEL, ¥ VT TIA P~ a T B ETHERT T
A RF =T R % —_ pGL3-DU-TATA ZHE5E 7=, ZDTTAI R X
—i%. TATA R 7 ZAEFND EFIC, 2D 7T A R ETH— Kpnl FRa%kENL
& Sacl FRRGHAL & FFD72 D, 71T — X — W iy OFEZEIZIL, NF-»B, AP-1, CBF-A,
NE-Y fEAEFNCN 2 T HIPREESE Kpnl i85%kACS % & e A i DNA 1 X OV [RE%
% Sacl Bk iBNZACS 2 & e DNA Wi 2 Bk Lo, 7'mE— 4% —846 /05 862 %

I%. HiE & [FERIC 57-gate-3 Be & SMAIOZEMHESN E LTI A 7 — a U Rk
DNFEACD T2 DI M LT=A, 7 '—% —801 725 845 £ Tik, LA %+
e, FERHEOEETIA S —va v e2BIRhNnTBE—¥ —DHBHEER
Flee ZHHDOERM DNA X, TNENOHEMHEHE T =—U 7 LRI, T4
R X7 VFAF REF—EBTRmIZY VBEZAMAIL, B5H A ESNIE

FE'NT O, HIBREER GRS 2 Z e GMA ) FX 7 VAT RIZZ£D 100 750 1
TOMZTTA 7= a VIS EITS T2, T4 7 — 3 VG, Hil RS Kpnl

B L Sacl Tk L7=, pGL3-DU-TATA & fl[RE%3E Kpnl & Sacl Ty L. ¥

10



ft L7z DNA Wih & J 47— a U OSIZE VB AL, pGL3-DU-TATA @
Kpnl-Sacl #{i21Z 100 bp LA EOFEAM A 27K L TWDH 7T A I N 62 FlfHE
WU, BE_OTTAIRTIAT TV —L Lz, ZRUHDOT T A RIL, EEIC
pGL3-X (X 1% 801~862 T, Hifff L/ZNEE) W oHARIZ DT, TnEhDT
TAI FIZEENDL T RE—F—DAWE, 7nr X Tt —F—L L,

2-2-3. ZHEE AR PCR (epPCR) I kA7 ut—4—WiF ~DEHEDEA

pGL3-11 % & M |2 | 7 7 A ~ — 5-tctattaattgttgccgggaagctag-3’ &
5’-cggccatggtecggecggtgctggge-3’ #fH H L T PCR #4179 Z & THIE 3 % pGL3-11
28 E DA RRERE N 7S &S % pGL3-DU-TATA @ Kpnl & Sacl #A712E A
L. pGL3-11-DU ZAEZE L7=, &IZ, Z® pGL3-11-DU (10ng) ##HHIC, 7o
E— X —EIR AR A PR 9% epPCR H 7" A ~ —5’-ggcaagcttgccagaacatttctcta-3’
& 5’-cggcecatggtecggecggtgctggge-3’ (10 pmol §72) & 100 ul DZEF /N> 7 7 — (10
ml Tris-HCI pH8.3, 50 mM KCl, 1.5 mM MgCl,, 0.5 or 0.75 MnCl,, 0.2 mM dNTP, 5
U Taq 7~ Y A Z —€ (Takara Bio Inc.) ) ([Z¥RI L, —~ /1A 7 Z— (TPC 200,
Bio-Rad Laboratories, Hercules, CA, USA) T. 95°C3 /DA ' FaX— 3 D
12, 94°C 20 b, 60°C 30 #, 72°C 60 B DIREZEALZ 35 YA 7 /b & 51T 72°C
T 3 A ¥ a_X— L TERGARA Z/ERR L7c, T OMERAIx, B
%A BEE%5E HindIII & Ncol TiH{k L T, pGL3-DU-TATA @ HindIII-Ncol B3z
Zrua—=v T L, BREANToET—F—F3A4 T —EMELZ,

2-2-4, —FRrfYiE{s - E A

MELLTTIAI NI =3, BEFEARKTHL 2T 27T >

(QIAGEN K. K., Tokyo, Japan) ZfEH L T, A= —DO~=a 7 VIliH-> THE

11



LA EANELToT, TaT Wy 7 27— v Tt —%—DiEM%E
AT B84, 60 mm OAMIEESERILIC 1.5x10° DA Z i & | 37°COA > F 2
— X —TC—MuE L7, £9. Mila% 37°CTHES 72 RPMI1640 H5HITY > A L,
1.0 ug @ pGL3-X & 10 ng @ phRL-TK (Promega Corp.) Z&Tr—= 7 = 7 7 A
REERMICIM LT, 2z 37°CT 6 FEfEGR L7k, FU 7o U BRic &
D MR A A LAz, (B L 7 A i BRE RAR A 6E ) LTz 35 mm A
BRI 1 K72 0 12 2~3 x 10° H DMl 2 i & 37°CT Wk L7212, HuR
PRI L 72,

2-2-5. = v 7 AES KOG 1R PR G

Ty 7 A EREEL, £9. LFEEo X O ICHEfE L7 35 mm MR EREE LIS #E
7o IR O BE H & 37°CIZRE D TV 72 2 ml O FifiE 72 RPMI1640 £ 1t & FE S E AT AS
il7-, ThExxTvy 7 AfssAdE®E (MBR-1520-3, Hitachi Medical Technology
Corp., Tokyo, Japan) D F ¥ » /N—NIZERE LT ¥ — T — 7 /L OFPITHFRE L,
[FlHE L7225 5, 5 Gy/min DRH T v 7 A ORK 217572,

AN O5A 1T, RERICR @ 0 IZERFEA L2 60 mm (2352 L 72
fuz b U7y TR L7221 2~3x10° E OFfE 2 12.5 cm? 7 7 A 2 C— Wbk
L. Bfsisicgt Uz, BE = —f%Et % — (Tsuruga, Japan) @
W-MAST > 71 hr s (28) \ZE%E VT H DM A m R L —
Stz 0 FRATEFIC R E L. 200 MeV D5 F-#1 % 2.0 Gy/min O#f &R T 10 Gy %
THRGT L7z,

226. VT 27— T vEBAILLD T aET—%—0OFHM

—IFELCTFEABON LT —2 —2 L5V 7 =T —FEOREO M

12



X, B FEADRREDIIOLOXLEEIT DD, TaT vy 7 7
—BT oA BlTol, TaTNANY T 2T —ET vEA %> | (Promega Corp.)
ZRHAL, #ET o —X—ICLH5KRANVNVY T 27— D3BL%E, phRL-TK
DEH~NVRATA VA T BF IV FF—BlE 7 rE—F—CHRIT D
UIVAZTNT T =T —BERNIIEREL L THIET 5, SRR O Y
MMBEA I TR DA BRE . PBS T—E Y U A&{To7, Il bRt
Fv MIEEND 300 pl DXy TV ANy 77 —EICEIRML T, EiR
T 15 . 77 v bA— LRGIEE Tl 2 iR LIS L, 2o BiE 10 pl
ZHD ., Fv MIEEILD 50 ul D Luciferase Assay Reagent II RS L, HZ /L
Ny T =T — BRI ETT T, TDH%, FAILL<Fy MIEEND 50 pl O Stop &
Glow Reagent i35 Z LICX VU IS AEZTNT T =T —BRILEITS T,
FNENDINIT, VI ) A—H— (TD-20/20, Turner Designs, Sunnyvale, CA,
USA) THIE L7, HHBROFMIT, m2ANLT T 27 —BITLDHNEE
VIVAZTNY T =T —BIZKHFEMETH L7 Relative Luminescent Unit
(RLU) TiTo7z, £72. ALTBE—Z—ICL DT 7 =7 —BRIDOHH
(T, BST L7230kt RLU M % [F4efh TR L7222 o 723Bk > RLU fE TR L 72
Fold activation & L C& L7z,
ZERZBRFEAGDONA T 85— 2 —OFHEOSE . Ht#i7e & ofilg
Z - Z T MR & R A B 2 7 ORI T, HESEE e & ORI O R S 3
BROLEND D EEDND, ZOD, —FHIEALLET 7AI FinbD U
VAZTNY T 2T —BORBLE | HEMTEANINTT ) A BRELT DR

INNY T 2T —BOREADUERNEDLARELEZ bID, £ 2 Tl
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AVANATLEEMNIEBEFEALTCMRTRET LY 7 =27 —EBDIENESL
BRI L7 n e — 2 —0OfHEZIE, TaT7 e 7 =7 =87 vkA TR
SHWENNY T =T —BaR B LTV DM DOEIRR D 2 X 7 BRI 4 S
& LTORE BT o 72, £ D% AT BRI R O Y 22 2 A X 7 TRl
SEMZFRE, PBS TEU LV ALIERICT 2T WA 727 =BT vEAF
v N Oy TR A 300 ul Il x, 77T v b — ARG IEE T 15 IR
LU 7=, MRV O E3E 10 ul & Luciferase Assay Reagent I1 50 pl % i 2. 748 Z /L L
V72T —EBDRNEENI ) A—F—THEL], ¥ 7 REIX BioRad
Ptotein Assay Kit (Bio-Rad Laboratories) % FV>"C Bradford /I CHIEE L72, Z D
LA, V7 =7 —BIEEOMEME X X7 BE TR LI-fE% Relative
Luminescent Unit (RLU) & U CEEl L7z, [FERIC, AL rE—Z—IZX DL
7 =7 —EBRBOHEMRIT, B L7230 RLU B2 RS TR Lo 7o
#EkD RLU fi CFR L 7= Fold activation & L C# L7z,

2-2-7. MAAHMLZ U b a v A VA DVERR & A8 AL D i N7

MAHZ L bu oA )V AREEEH D A X K pSIREN-RetroQ |4 Takara Bio Inc.
XV ALL, v € —%—W AT, pGL3-11-9-37 % # W (2
5’-cgcagatctgagtcggggactccagatee-3’ & 5’-geggggcccatggtecggecggtgctgggticg-3’ % 7
TA~—LLTHEAL, 364 D7 1 11937 7 —H —ZHEE L, —
SHDOT T A ~—0 SN IXAHINELS] & U CHillBRAE%ESE Bl 58HRALELY 23 & &
NTEY, ZHOADT T A ~—I2F SN HIREESR Apal L E TV
%, PCR 14\ HANE KT % | [RA% 35 Bglll & Apal TiH{k L. pSIREN-RetroQ ® U6

Tae—H—bt An#iz D X DI Bgll & Apal HALIZE A L, pRet-37 ZHEEE L
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Too SVA0 7 E— 44— N LT BE—F—0D7 1831, 843, 848 (2O TH
pSIREN-RetroQ D[] Uil [REEFEEALIZIFAEED HiETEHEA L, pRet-SV, pRet-31,
pRet-43, pRet-48 ZAEEE L7z, ERRIHEH LIZFHN T 7 AI RBX O 74 v —
DA EDLEIFT, LTO@EY TH 5, SV40 : pGL3-Control % & Y |2
5’-cgcagatctgcgatctgeatcteaattag-3’ 3 JL Y 5°-geggggcccatggtggctttaccaacagtaceg-3’ %

74 ~—& L TCHEMH., 7 v v 81 : pGL3-831 #% # Ml |
5’-ggctcgagatctgegatctaagtaagett-3° 3 L TV 57-geggggcccatggtecggecggtgctgggcteg-3’
BT ~—E LT, 7o 843 : pGL3-843 ##MIC 7 1 831 DA &
WU T4 ~—%H., 7 1o 848 : pGL3-848 & #7227 2 831 DA LFH
L7 74 ~—%& M,

Vv 7 = — Bl s F 1L pGL3-control (Promega) % ## i (2 L T
5’-gcattceggtactgttgg-3’ & 5’-ggcgaattcactctagaattacac-3’ Dl 77 A ~ — Z N T
PCR {ETHIME L7z, IR L7 DNAWTH OLy 7 = 7 —B#fs+) 13, midmilal
AREC A DAFAET D IR Ncol & EcoR1 Tk L7-#. pRet-37. pRet-SV,
pRet-31, pRet-43, pRet-48 O 7' 11 E— & — FilZALE T 5 Neol-EcoRI HH7 12 E
AL, Az L be oAV ZERH 77 2 X K pRet-37-luc, pRet-SV-luc,
pRet-31-luc, pRet-43-luc, pRet-48-luc ZHEEE L 7o, [FAARIZ, (ZFLEMI M IZ 2L
REnhifktaiw s 278 (EGFP) Bin 1T O%E1X. 77 A N pEGFP-N1

( Promega Corp. ) % #f % |Z |  5’-ggatccaccggtcgccace-3’ &
5’-ggcgaattcaatgtggtatggetg-3’ Dl 77 A ~—Z T PCR £ THYMRE L 72, HE0E L
7= DNA W)y (EGFP &fn¥) (&, Wil ZaBakACs O 79 5 HilERA%SR Neol &

EcoR1 TiH{k L 721 . pRet-37. pRet-SV O 7' 1 & — X — FRIINLET D
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Ncol-EcoRI A7 IZHEH AL, MAHZ L b oA VAERHAT 7 A IR
pRet-37-EGFP, pRet-SV-EGFP ###4t L 7=, Fcy:Fur % > /X7 E OB FIZON
THEBRD FIET/ m—=0 T & 7o, ZOBEBFIIEROY M T 72
F—PEETFLETTINARARI RV T AT =5 —PBETFERKE LE
HLOT, EF RV EEa—RT 5B FTHD (29) , 2O fey:fur i
(5T OB DO 7= PCR ¥R DERI BISTHEND C-RiwiZ 7 7 v 727
it % (N-Asp-Tyr-Lys-Asp-Asp-Asp-Asp-Lys-C) 2EA S5 K 912, ZAUTHHES
LT 5wl s % 77 A4 ~— 24 L7z, PCR 121X, 77 A X R pORF5-Fcy::Fur
(InvivoGen, San Diego, CA, USA)Z &5 & L T, 5'-ggctctagattatttagtagtatctgtcec-3'

(Xbal BN &L 7 T v 7 & ZFH|a— REkE Z D THRICA by 7a Ko
Mz 7=) & 5'-gagacagaggagaccatggtcac-3’ (Ncol iz &te) #7774 ~—
ELTHIM LTz, fey:fur BinF A & TetfibE L7z DNA Wrh &, HiIFREZE Neol &
Xbal Tk L7-%. pRet-37 ™ Ncol-Xbal FIALIZE AL, flAHZ L ha oA L
ZVER 7 A 2 K pRet-37-Fey::Fur Z 4§58 L7,

I THELIEMARZ U ANV BRI 7T 2 RIZ 3oL ha oA LR
O LTRIZERNEASINTEY Ve —% —ifEE2 ko Tn5d, ZOERITMH
FHLZ T A VARG D 7 ) DA T 7 — R T HERIC, 5l LTR IZ
HAEFRAABEZ I LV EAIND Z & TS50 LTR HiEtEZ KV Z D Tikic
fET 2 HHOBETZHETHIA0 7 2E—X —OIEEIZITITE A SFEL
R, LIeR> T, AMOBLETOREIAIL, NATBE—F —DOEHRIZORE

Hahd,
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AL L e ANV RAEERT 72010, LT 10 ug OBz Lk
v A VALERIH 7 A I R % CalPhosTM Mammalian transfection kit (Takara Bio
Inc) ZfE/H L T60mm D= T —7 2 a—h LIZERMICEZE L7 1.0 x 10°8 0
AmphoPack293 FIUITEA L7z, 48 WEEIEERZIC T A VAR A& 5Tk B
ZEUL L, 045 um O 7 ¢ /L& —THIFA Z B0 FRV21%, fAHRZ 7 A VA D
JEYEHE IR U 7' L (Sigma-Aldrich Inc., St Louis, MO, USA) % 7 ug/ml {272
DEINTMATe, ZDOUA N R Z 100 mm OFMIEEFEMLICEERE L2 1.0 x 10°
fi50> HeLa MBI IRAN L C 6-8 IpfiissE L7z, BrMiscHaote, 3 AfEGE L, S
512 0.5 pg/ml OPLUEME Th H B = —1u~ A 2 (BD Biosciences, San Jose, CA,
USA) & Tk T 3 AR L, AF LM A2 ZEBIn F-EAME L7,
ZEBGFEAMAL, A LA Z LV b oA V2B 7T 23X RO
L E S EICAARTZE DT Tz, BIZIX, pRet-37-luc ZfEH L TIER L 72 2 E B
38 A HeLa ffifld D4 FriE, HeLa/Ret-37-luc & L7z,

2-2-8. HUHHRIC & 2 7 11— 2 —JEHE{LIC 53 2 Bl 0 B

R £ D 7 v — 4 —{EE ORI x4 D P LAl O B 2 B+ 5%
BRIZOWTIL, BEEBFEAMIEZEHL TITo72, £9, MfEiZ 10 ng ©
phRL-TK # =7 = 7 7 Vl3RIC L 0 —ReIC B T8 A L, 37°CT 6 KfffEG#
Lz, ZOBEFEAMEE N 73 AECEIL L, 35 mm AR ILIC 2 x
10° s N7z, 37°CT— iR L 72tk MR Z & 55> L 37°CICizH T
7250 mM & %\ ME 100 mM - ¢ D-mannitol, F£721%, 70 mM & % M 140 mM ¥

AF )L ZLEF T R (DMSO) &5 ek 72 RPMI1640 £ & Z5#a 7=, # D%,

H

10 Gy D= 7 Zid WG F# 2 IS UTc, BORBRRET . Mlaido@mH @ v
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8 Bfff] 37°C TR L, T aT WAy 7 2T7—8BT7 v A1 Liz, mE ALY
727 —EBORBEIENENAFR MR THRIEHSNDI VI TAZTrDOLY T =
7—BOEMETEELL, ZhbOBKNRKEOFEIZ L 51 ENZ K5 Z
& T BRI X D8R 2R Uc, PR bAIEI o 8%, 7 CHEEO R
U DFUIe b A 2 & Lo fiie CHROTRRE O EIC L vy 7 =T —F D
REEOBENZIR T2 L THBEZREHL, 612, £ ba, kAl
ML TRV E O TR & 25 2 & T, FilbAloR 2T L,

2-2-9. EGFP o ¥ HEOENBEMEL L7 o —H0 4 A —X—IZ L5 HH

HeLa/Ret-37-EGFP 35 & U HeLa/Ret-31-EGFP O i #i 1~ & % EGFP s 8l
DIFRIZ K D HOE DR A dOMEE RS L O 7 v —% A A —F—THRIH LT,
FEHRO— AANZ 60 mm OMFLEFFE I 1 x 1088 ML 2 1§ & | 37°CT—Bis &
L7z, ZOFIIZIZ 10 Gy @ X #Ra RS L, 8 Fffif] 37°CTH;#& L7=1%. EGFP M
HOENERET D7D 525nm D7 4 V¥ —%EH L CEEEMEE (Bclipse
TE300 equipped with Y-FL Epifluorescence System, Nikon Corp., Tokyo, Japan) T#i
BLllk, 2TOROBEGZHEBEMBEICHELLT VXL CCD U A7
(C4742-95-12, Hamamatsu Photonics K. K., Hamamatsu, Japan) THgsZ L, T &
a—4F—FEZBWTT U r—v a7 b7 (Argus, version 14.1.,
Hamamatsu Photonics K. K.) CHgfg L7,

FRRIC, —BREEZ L7-MIC 5Gy HD WX 10Gy D= v 7 AfERE L, %
Dtk 37°CTHE L7z, 8 Wifiltk, Milaz ~ U 7 LB TR L, PBS T34
IR AE LT, ZOMME 5350m D7 4V H —FEy hLizTr—H A

s X —4 — (EPICS XL, Beckman Coulter Inc., Brea, CA, USA) TH#fT L 7=,
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2-2-10. BHH X7 o

10 Gy D 7 Afif % FRET LRk 2 72 REEES 38 L7, 4°Clam=° L7= PBS T2
R Zes L=, 7 u77—8A e X —Hh 77/ (Nacalai Tesque Inc.,
Kyoto, Japan) % & e fifiRizEf#E R~ 7 7 — (50 mM Tris-HCI pH7 4, 10 mM MgCL,, 1
mM CaCl,, 1 mM Ethylenediaminetetra acetic acid, NaCl, 1% Triton X-100) T L
7o MRATEMREIR D % > X7 B O P2 E X BioRad Ptotein Assay Kit (Bio-Rad
Laboratories) % H\ T Bradford YEIZ THIE L7z, YT NDZ T BDlR
& 2 QSR N 7 7 — T U oM s iR, 5 ml 0 B <m0 L 72 e
v 77— (50 mM Tris-Cl pH7.4, 150 mM NaCl) TS5 [EPEF LT 7 v 7 M2
E 7 a—FAPURRRES L2 B — X (Sigma-Aldrich Inc.) (AR % % &N
L7, o< ) EIREB LR G 4°CTBEUS L, T ml DRG0 L7zl
77— 8 [EYEH LI, FFEMICHEAR L TWD 7T v 7 % 7% Ff>T72 Fey:Fur
KR E R 2 x Laemli V2 VN7 7 — (4% SDS, 20% glycerol, 10%
2-mercaptoethanol, 0.004% bromophenol blue, 125 mM Tris-HCI) % Jji 2. 95°C T 10
SRBE L T Lz, Zhvamhasil i T RIGZED, R A7 U N
v 77 =D SDS KNI T 7 VAT I R NVTEIIKIEZIT> 72, BRUKEIE, A
E ' PDF € (Merk Millipore, Billerica, MA, USA) (ZEXMICHRE LT-, —
REURIZIZIN 7 7 v 7 M2 £/ 7 v —F L5k (Sigma-Aldrich Corp.) % VY,
TWHURICIEIR— AT T 4 v v a = F X —BEMY i~ T A 1gG Pk

(Merk Millipore) % M7=, HIYX L7 BN ORI ECL Western
Blotting Detection Reagent (GE Healthcare UK Ltd., Little Chalfont, UK) #% {33 AL

B X 5%t % . LAS4000 Luminescent Imaging Analyzer (Fujifilm Corp., Tokyo,
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Japan) ZfEH L CHif{bd 2 2 & TITo7c, WEBERES LT, MBI T o
B-7 27 F %, [AEED SDS-T 7 VLT I RTIVERIKNEDOA L T vT 4

ZWCE OB L, —WPURICIE, fie BT 7 Fr® ) Z u—F bk E
TURHURICIE, R AT T o v 2= R U A —PEiT i~ T A 1gG HT
& (Merk Millipore) % H\ 7=,

2-2-11. B kR

TRTOBYERIL, BIIRFEYMEREZESITHE TSN HETIT- 72,
AR EE 22 L CHZ 3% L 7=HeLa/Ret-SV-luc, HeLa/Ret-37-luc, HeLa/Ret-31-luciffifid %
FU U ALBRZ KD [ L, PBSTI x 107/mIDJRFEIZFHHEE L=, S0/CDS5E
D A ADKSN/SIcX— R~ 17 Z (Sankyo Labo Service, Toyama, Japan) i f& D
e FIZZ IR U 2200 plisfl Uiz, $91, A%, [FRRE O A XD
~ U AZ3EEIR L, AR EBRICHE Lo, TN To~ R ER T X —
/L7500 mg/gIRE THPENTE G L TR Z 220 72, £, L 72~ 7 22100
mg/gREDEIE T, PBSIZIRE LTz 7 =T —8 0 IRE 3, Luciferin EF

(Promega Corp.) ZJMEMENTEE LTz, ~ U ATHEEHRG105%IC31 F /LI xR
v vz AHEE (AEQUORIA-2D/c8600, Hamamatsu Photonics K. K.) T
NONRAL TN IRy v = A0 Lz, £0%., ~ U A& EE 4 Tl
EL. FEAOMEG 2R CE-T-, vV AZEERZ LTy 7 ARIEALE
& (MBR-1520-3, Hitachi Medical Technology Corp.) ®F ¥ > /N—NIZEXE L7 ¥
— T =7 VICEE, FHE LN 5| Fo TWRWH OISO AIZ5 Gy/mind
FHETI0 Gy HWIEIS GyD = v 7 AEME L, v U A L= v 7 ARG

B—VICb E L, K, BHE BN DBRE C8FHEH Lz, ~ 7 RATHEXR
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VT Y=V AR L ORI 21T o 721 luciferin EF 2[Rl &4 G- L7242, [RIERD &
AIVTTEGNODNANAFNIXy = A2 RE LTz, HELZENER
D& D3 (X Wasabi Application Software (version 1.5, Hamamatsu Photonics
KK.) TE®EL, B LMDMESED S ORI EEZ B L TRVl REEH>
SORIEETERLEL S OZ KA BRBI ORI Tl L, £ OF& % Fold
activation& L TV ¥ 7 = 7 —Bi{s 7 DI BUEGE 2 5141 L 7=,

2-2-12. BB IEE invitro I 2 L— 9

1x10°E ®>HeLa/Ret-37-Fcy: :Furfifid 260 mmififn 5% L2 i & 37°CC—Whrks s
L7z, 10 GyD = v 7 A& RS L72% 9 <IZ, PBSTYEHL MU 73 U ALBRIC
F VMBI L7, Mg 06y 2~ A 7 ur L— MI1lYy =)Lzl
0.6 x 101 DML ZEEZ, 0, 001, 0.1, 1.0, 100 mMD5-7 /L F L hi (5-
Fluorocytosine; 5-FC) % & {eh588 i C, 37°C T48KfffE5# L 7=, 5-FCZ & £ 72
WEEHIIZ ASHA L7212, 37°CTIRFEIREE L. &7 /1210 pldOWST-183E (Cell
Counting Kit, Dojindo Laboratories, Kumamoto, Japan) Z ¥/ L. 37°C C2Rffij 554
L7z, ¥~ 7 uma 7L — kU —%— (iMark, Bio-Rad Laboratories) T450 nm® WY
(630 nm#%& U 7 7 L v AIZERE) ZMlE LTz, A (survival cell fraction: SC)
DEGEZ TFTOXTHEH L,

SC (%) = 100xAS/AC
ASITA50 nm TOH TV OYSEE AR L, ACIT =2 b —LOYSEE AR LT,
22 b — L DEIFS-FCEZ ML 2 W HId O & LTz,

2-2-13. g R HT

i F 2 71 /3 71X Big Dye Terminator Cycle Sequencing Ready Reaction Kit
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(Applied Biosystems, Foster City, CA, USA) % F]H L Tcycle sequence PCREIZ &
DIFIT LT, WUIRTIA~—%REFIL T, ELET T AI N T rE—X
—IZOWTLLTFD L5 I &EiT>7, 32 pmolDZEINEIND T T A ~—&500
ngDEFEHDNAL L OF v MZEENH80 WO 7 LIRATK A & TeDNARLSI 53 4T
&1 % Gene Amp PCR System 9700 (Applied Biosystems)(Z 7> FPCR & 1T > 7=, ¥
LU 72 PCREW) % 4% DPAGEIZ X 5 B 53 #T(ABI Prism DNA Sequencer 377;
Perkin-Elmer Life and Analytical Sciences, Boston, MA, USA)IZ 72T 7=,

2-2-14. HEHFRIFENT

T OMEITFHICEEE D 2T UTEY) + R (mean + SD) TFR L7z, 28#F

MRS DI WA TF 2 —F > FTRIEZ AW e, 28D Eo i &1z ix

ll

one-way analysis of variance (ANOVA)%Z F\V 72, P < 0.05D5A RIS A B2

by LHE LT,
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2-3. #R

2-3-1. 70— X —OWEE L DU145 #llin T OREREH

4 TR DR G F DR A BLIN Z BTG DNA & 7 U X LA GOE, 7'r
T—H =T =T RJ X —"Th % pGL3-TATA-Sall D TATA 7R v 7 AFH|D Lifk
ICEATHZ LT, BBROICNFEEO Ve T— X —42F0L T T7AIRTIAT T
V= (BF—D7Fuee—2—IA477V—) ZME LT, ThHEDTTAI F%E
Tt MR kO DU14S A S A L, 24 BpffRIC vy 7 =T —8
DIEWEMELIZE Z A, 5 FEO 7T A3 KT TATA Ry 7 ARSIDO % Eie
pGL3-TATA LV L EWIEEZ R LTz, 2605, 7Ry 6 7 rE—4—5F
FOrwvr 11 Tee—F—LAMT72b DN SVA0 T rE—F =Ty T =T
— BB E2%Bl3 5 pGL3-Control LV w7 =7 —BiEHEZR LT
(Figure 2A), O X2, 2N HDO 7T A I K% DUI4S M2 A L 18 REffEE#&
L7222 10 Gy D= v 7 AfFEBE L1z, S5I1C6 FrifFEE L7-RIcry 7 =
T —BIEER NI ZA ZHED T T A NCHERBBIHMNEIE SN,
ZFOHTruer 1l Tre—F—%ET pGL3-11 ZE A L7-fidixT v 7 A%
FRET Lo WA L it LT 1.87£0.17 /% (p=0.002) DL 7 =T —ERBLZ R
L. &b REREWOEO 57z (Figure 2B).,

2-3-2. B pEMdtkIcBIT A7 0 11 Y uEe—2—0DRE

WIZ,. DUIAS i T v 7 AR L TR b BVISEEEA R L7 11 7
E— X — 2T, MO TOIREMIZ OV TR THIZ, DUL4S fiao
Ba LRI, HE L7 13 FEEOMINIC pGL3-11 238 A%, 10 Gy DT v 7 A

MERE L, 206 BT 27NV Y 7 25— T v¥ A %24T7-7-, Figure
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3ICART LI, 13 MifakkD 9 B 4 SOMIfaKk T, BHERNEARIC LY T
= 7 —BREINEE L7, b0 ) 5 DUI4S, PC3, SBC2 IZ DWW TIHHI 2 fi%
DGR bl B b OFE G HK O HeLa Ml Tl 5.10 £0.25 5O 58
DRI, TOMOMIBIZOVWTIE, ZOFRGTIEIALY 7 =T —EDHE
HRIIRO b hoTz, ZORRIEL, 7 vy 11 e —5 — OGRS A
2. MRRRFRNTH D Z LB R LTS,

RIZ.E—DTBE—H—FA4 T 7 —DFF7AI N&Z LI Hela flifd
IC—FFIZ BB T EA L, 10Gy O v 7 AfBRET 6 FEfRICT =7 vy 7 =
T—BT v BTl AN IO eE—F—DobH 7702 (|
63.6%) T. BB ARF L2WGE LKL TLy 7 =7 —ERBLOAF E R
i (p <005 N HN/Z (Figure 4), ZOHPTRbEWINEEEZRLIZZ B
Y11 TRE—F—E Ty 7 AROBEKFINTEEZH TR L (Figure 5A) .
10Gy T v 7 A2 MRE L7284, 9 BRI 6.13 £ 129 15 & lx KD M %
RLUTe, ZDOBARZIIN YT = 7 —BIEHRIMET L TIT< 23, 48 % TH,
B 2 5 2 70 0 b D LR LT 4 50 Oy 7 = T —BIHME R LTZ

(Figure 5B) ,

2-3-3. BREAFR PCRIEICE D70 1l T —X—D%E

I AR L T2 7 2B — # — DO BURBUS B DY R %37 72, Fox 1%, LLAT,
T —{EMEZ R T DNA BRSNS T X DI BB A BT 52 8T, 2D
TaE—X—OWEIEENETH LR L TR (17), REROEAIC
LV SIS EEOE R B AMRETH D &5 X o, ZBROE AL, 28 538 AW PCR

BB, 2T, Zur 1l FuE—X—%%7r DNA Wi /i % PCR £
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HIE T DBRS, ~ 7 RV T LA A UNIMA T~ B oA F U EUINT 5 Z & T,
Taq RN U A 7 —E DIEME7: DNA I BZ2 5.2 | S TG A2 RTT5
ETHD, Foxio TSI TIHERT, 05mM O~ T A F 2T
fEFCPCR 217729 Z &£ T, $ 1D S8EROEANERBDT-, £i=. ZOHE
TERR L7 et — 4 — 2R/ /7 n—= 7 TEHIHOICUR LT vE—
S —7a—T7 X7 X —pGL3-DU-TATA ZHfEbE HIETRLULIE L D ITHE LT,
DT TAIRRIZ—Zr/7ur 1l 7unE—F—%7a—="71L,
pGL3-11-DU 248 L7=, ZDT T AI RRI X —ZE5FEND TATA Ry 7 AD
THMOESNA pGL3-11 &LV B> TWEHN, ZDTrnE—F—L LTOIE
PHIXIZEAEEDL RN & &R L TW5 (Figure 6C), pGL3-11-DU % #57
(AR B AR PCR LTS5 DOER 7 1 —# —% pGL3-DU-TATA (Z 7 1 —=1~
7 LTz, ZiIvbEZNEI HeLa i@l —IFHIIZEA L, 5 Gy D= v 7 AT
KD I EME % 6 BREREZ IR L= & 2 A, pGL3-11-DU 28 2.51 £0.19 fF D35
iR 2 7R L7 DITx LT pGL3-11-9 L AT 7277 A X R85 3.54 £ 041 {503
BB TH D Z LRSI, TNHDOFTH - & b EmWBEIBICE M Z R LT,
S 5T, pGL3-11-9 Z #A I E A BE A PCR 21TV 2 HOE R T 0 ' —4
—ZEH L, FREOFETIME L& 24, 5 Gy DT v 7 Afz i Lz 6 B
M2 6.69 + 046 fFOFREBIHR A ~7 pGL3-11-9-37 77 A REHE LT
(Figure 6A), ZD 77 AI RIZHEND T BE—HF —DREIZOWNT S BIZEE
izAT o7, 9, MRICEAL 24 FFRZICLV Y 7 =2 7 —BIEHRZHRD &,
BB AR O A K, pGL3-11-DU X° pGL3-11-9 X 0 & Z DiEMENMEL 72 -

T 7z (Figure 6B), L2>L72285 ., 10 Gy OHEFROXI 3 DISEMEIX, B

25



6 RFfHTHY 21.57 £ 6.07 {5 & FEH @ < (Figure 6C), ZFE AR PCRIZ L D T
VELREROEAN TR =S —ERROURICHHTE 5 Z LRSI,

2-3-4. KWL 7 1 & — ¥ — ORISR

suy 11 7uE—F—LENICHKT D57 0 —F — ORI LD,
ST 21T > 72, T OFER, 702 11 7T —X —|% 364 bp T, NF-uB #i&
BB 10 22 B — AP-1 fEGECSIA 3 =2 ©¥— NF-Y #& & /0%0% 2 = & — T, CBF-A
FEEEA I a =& EN T\ (Figure7), £7-, 7 rE—X —HNIZIZW< 2
DRIV T LV A L SR RONoT, BELL, BERFRHEE/IIRCT
K ARG EARET D72 OB A LT 528 HES7: E D% < Of D R LESI DT
DIEEEZOND, ZOESE Y 119 TrnE—4—B L0 o 11-9-37
TRE—Z—ORS LI L TAHDE, 7R 119 T uE—F—T4 DDRE
B3, 7m 11937 7rE—F—TIEENLITMA T2 DO RERNP O BN
7o TEHERT v 7 AUTKIT B OGMEOZEbIE, 2D D RERIZHKT S &
E2zbnb, Thvb 3 507 aE—%—0O/HIEL, GenBank (ZEFKL, LLTFD
Ty va BRGS0 (Va1 T rE—4— : EF536080, 7 1
11-9 71 &—4# — : EF536081, 7 1. 11-9-37 7' 1 &—% — : EF536082) ,

235. 8 OTaET—F—534 771 —DOIEE

WIZAKFIEDORREMEZ RO 572012, H—D 7 nEt—4—F3 477U —¢
L 4 BEOEERFOREGEINE T X LM AEGDETA %
pGL3-DU-TATA (ZE A L, [FEED FIETH-IC QQ FEO 7 n e — 4 —li &4
T TAIRIAT T —%BE L GE_07/mE—F—F3477V—), %

NENDTZ A K% HeLa fflZE A L 24 FpilgIc vy 7 = 7 —B OIS
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b 2 A, 7T A K pGL3-Control IZEH £ D SV4A0 T uE—4 —IZ LD
N7 =27 —BIEHLD RO S OIFERD G- 72 (Figure 8B), ZiLH D
B FEAMALIZ 10 Gy D= v 7 AERE L, ZD1% 6 I E L Ty 7
=7 —BIEEHE L L ZA 2 AP ST ne—S =3y 7 =7
—BIEMEAEICHER L7 (91.9%), Z OH TRIISEMEO @ o T 3 FEEO
TnE—4%—, 71831, 843, 848 Y E—X —|%, 10 Gy DT v 7 AFRITIE
ZELTRMONY T =T — BRI FORBEZZNEIN 1117 £ 172 5, 1354 +
301 f%, 1096 +0.56 {FHBLAHRT 5 Z LA /rS 7z (Figure 8A),
EWRICEZ R T 26 3FIHDO 7 v ' —F — |2 OW THERSIHTIC L D1
ST AT o7z, 7 1 831 T B — 2 —F 295 i i 572 0 (9 =1 E'— D NF-xB
FEAELFIE 5 2 B — 0 CBF-A fEGEIIN G2 b Z Emsiiz, 7 r 843 7
0E— 4 —(1 330 iR T, 8 = E—0 NF-xB #EA A, 7 =2 & —D CBF-A fi
ARAB LT3 a8 —0 AP-1 fEGESINLR D Z LR S, 51T
V848 T —H —(X 406 I B2V | 10 =2 B —D NF-xB fE&GES, 1 =¥
—® CBF-A #i& B4, 3 2 B —D AP-1 #5ABLAIFB K2 2 ©°—0 NF-Y #5A AL
TP B D Z ENRINT, Figure 9 ICZNH D7 RE—F =BT H5ENEh
DFEE RSN OBLE 2 AR LM ER 2R~ d, H 07 mE—4—J(47
FZUV—=0bERLT 3 207 vE—%—0O/HIX, GenBank [ZH8E L., LLTD
TRy varFEenmtsEaniz (7o 831 YuE—4— : HQ542862, 7 1
V843 FmE—Xx— : HQ418223, 7/ 1) 848 7 E—X — : HQ418224),

2-3-6. LR UANARY Z—Z K DEENRBE - EAMAL TOEE T o x

— Z — OFpEE
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Wiz, 7o —4—OMEZ LV IRRICH LR TS 7-DIic, 7r Yy
11-9-37 e —4%—, 7ur831 ut—4F— /unr82 /vt —4— 7
ny 848 YuET—X—L T 2T —VPEBIETFEINTNES LB+ &
vy hE, LR UANNANRT Z—ZFH L TCLEMITMBEA~EAL,
HeLa/Ret-37-luc, HeLa/Ret-31-luc. HeLa/Ret-43-luc 3 X U HeLa/Ret-48-luc #lifi %
E L7z, £72, 2 hr— LT, SVAO VRE—F—L i T2 T7—EH
LT afe LBy NELERIZEA LT HeLa/Ret-SV-luc M54 L 7,
B FEALZZNZENO HeLa Mildlc=y 7 ZME2RE L& 25,
HeLa/Ret-SV-luc ZFR< T XCTOMI T, MEKGFNILY 7 =7 —EBORBE
MENIN L7223, — R BIR FEADGE & 2D B D)8 EERBlE ST,
7 831, 843, 848 Y E—H —IOWVWTIIHIMAE 5 2 72 W DL Y T =T
—EBORBLEDEIN L7, HMEN — QB FEADEE & i L
T 20-60%FEEEICT% B 72 (Figure 10A), WIZ, FEBUHIREIZ K E RE(LD 72>
7= HeLa/Ret-37-luc M2 10 Gy D= v 7 AFERE L, ZDHRDONLT T =T —
BRIDZEIZ DWW TN, 9 BpfR O AK) 30 f5ICFE L, HIRE Tl
— R BIR T EA L OREZRIENT N7, LOLARBL, =y 7 AfER
F005 24 R ICITIERRSF O FRMIIC L AV 7 = 7 —B OB L IRITFF &
7Y —RREBFEADOLA L L Ty T = T — BRI TR O RN
W OEMEIA 5 2vE 72> 7= (Figure 10B), ZHHDEWNIBZE L EaF bt
v MBEANINTEILD DNA HEH 5 WIXEIUTHER T DX /X7 HDiEn
mElZEsboEbns,

HeLa/Ret-37-luc 122 Gy DT 7 AT 5L, V7 =7 —EBRBUT,

28



)9 FFfI#£12 240 £ 029 1% (p < 0.01) FTHML THRAMEICEL, £ D% 24
R E CICRIF L TRV D ERIBEDONL Y 7 = 7 —EBRB L LI E D
(Figure 10C), 2 Gy DJE#RIZ. 8 %E DR O BESHIRIERIZ I T 5 —[H153 DOff &
ToH V. KFEC L DHHHEEFRRIOSHTE D T e —2 — 5O W HE
PEZ R LTV 5,
71 11-9-37 7 uE—4%—T EGFP BIn F 2 RET LB TFIE Y FELE
FJIZ3E A L 72 HeLa/Ret-37-EGFP Al Z 548 L7, Z OMIIRIC 10 Gy DI #i %
FRAT L CL B RO b & 8 TR E O L CHIZE LT-, Figure 11A IR T &
T, Tw 7 ARERET2RIOMIITIE L A SHNEERE L TE LT, L
85 TIX EGFP @/n T DR B A MR TE /203, 10 Gy O v 7 AR 8 IREfiH]
BB T 5 & | Figure 11B IR T L D ITREDOE N ZHT 2 M52 <GB S
i, RRRIC, = 7 ZARIET 8 KP4 2 HeLa/Ret-37-EGFP el 2 [=]1Y L T 7
2= A b A M) —THOBEDOWEZITo72 L A, =y 7 ZfaRE L72
V> HeLa/Ret-37-EGFP Al {355 £ B AR o0 g Y60 /3 A & 1FIE TR U C BT
DARE R L AFEAEEEEIE L TN ERbnd, =y 7 ARERE L,
8 RFMIG AT Lizfifiad 7 m—H A N A= —THofrLic& 2 A, MEK
TR HEBREE D WA T 7272 B — 7 SHEBL L T IO 553 fi & ord &
N D, ZhE, =y 7 ZABORNKIZ LY EGFP OXEENEI L, 5 HEE
ERTDHEIIT ozl EEZEZBND (Figure 11C) . ZOREHRIEF, Vv 7 =
T —PLSDOEEF THUREE L7 v — 2 — D RRIC X 2 8 s 5 B
IZFIHCTEL 2L ZRLTVD,

2-3-7. BB BBEIC LB 7 o — 2 —DiEMEL
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P, HASH TR DO T2 OG- iR 3 i S oo b 5, @it
BRI T OEPIE =RV FX —%et o —ICRE SN TWD, K T 200 MeV
ECHFREMECE 57 m hay - X U7 AiEgRy AT 2 W-MAST (%
ZHBTHDP, FIRREOTZO DR 1T/ > T\ (28), HEEAFFORFD
MNTH DG FRRITT Y 7 A EOSC T & T2 e E N R 5, L
ML, 2RO DEMIRITEL R b2V, B BFmORSFIZE D
b RIS FOR O AfER BRI, v U A0 V7 Millao AR %
FRERIC L7ZRE Tk, £ oW 2ruzhkit (RBE) X2l 1.08, BLU,
111 T, =y 7 A LIFERETH -7 (30), I T, BT THLAK T 7E
— X2 —DIEHALRATRE T H 5 2>, K L 72 R E AR T8 AR IZ B LT3
NTC Iz, ZOREF, HeLa/Ret-31-luc, HeLa/Ret-43-luc, HeLa/Ret-48-luc 35 L O
HeLa/Ret-37-luc ~® 10 Gy O F#ROBEIZ XV | 6 KefltzicZnZE4 301 +
060 f5 (n=3) \ 1.92+1.14f% (n=3) |, 259+0351% (n=3) BLU 581 +147
% (n = 3) OFBMRMBERSNE, 20X ICHFROBRICE->TH 71
EF—F—DIEMHILEZ N LT, AERLVY T =7 —EBRELOEMMPRO b
(Figure 12), B RRICE DAL 7 =T —BRELOMEEIL, FREOT v 7 AR
[Z K DR E D BIRWEIE TH > 7275, HeLa Ml I51T D ALA 2 2 AR OO AH
RYZRHERE DR = v 7 AR LD DO L HEL TEY | =y 7 AHOGE
ERBEDOMFFIC L DIEMETH D Z ENRBEIN D, LIRTORGT, [AfRED
T 7 ARE LG FHREZKICHHE L2G6 . IEEBEORAERR SITEVD
HDZEPERINTVDA B1), =y 7 AL OHEIREDENL, ZD XD

IR BB W L TV D et b B 2 b D,
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2-3-8. PLERALANRINC K 2 BRI L B v v 7 = T — B3 HLIEGE O ]

FORAR ORI L0 | MliEmi R b L ORISR S 2 ERmbhTnD
(32), F£7z, TEE—F—EEIMHEH LIZEBER 7O 95 NF-uB X° AP-1 72 &£
X, LA R L RIZ K> THIEM (LT 2 Z &HESNTND (33), ZHbD
i, 7 u 11937 T ue—F —OFEMAbIC, AR X vSFE s
LA N ADOEENRHERERIND, 22T, E X T ONNADAT R
¥ ¥ —T& % DMSO *X° D-mannitol %, U #R % S 2 ERNZHN L7256 O
71 11-9-37 7 —F —IEHAb~ DB LT THT-, ZOREE, 10 Gy D
T 7 AR K DFBIERAY, 50 mM 35 X TV 100 mM @ D-mannitol TEALZ L
23.98 + 5.73%%5 L 1N 34.29 + 12.76%. 70 mM £ L ¥ 140 mM @ DMSO ORMT
36.01 = 19.58%35 L U 56.22 + 8.59% Nl S 417- (Figure 13A), B F#RIZ & 58
58 AR OEIG T OB RO B2 S vic, BARRIITIE, 10 Gy D511
(2 X D RBUEIRAY, 50 mM 3 XU 100 mM @ D-mannitol TZILEHL 1428 +
12.36%3%3 . 1N 48.88 + 11.26%, 70 mM 33 X OF 140 mM ¢ DMSO D RIIT 57.56 +
0.55%3 L TN 71.13 = 5.76% 4] < 417= (Figure 13B), Z AU 55 R, M Rrdiig
(ZL D7 11937 7u ' — 4 —DEMHAGIZ, B{LA F VARG T 52 L%
R LTV D,

2-3-9. #F T B E— X —O in vivo TOf

WIZ, E L7 vT—2 —OIREISHO MOV TRTT 572012,
X— R~ RAEETLEMHE L THEHL, ERTOT 0T —% — OIS E
PEIZ DUV THH 7=, HeLa/Ret-37-luc #Mfid. HeLa/Ret-31-luc #lifd. & 5 Wik,

HeLa/Ret-SV-luc g & Z L ZH~ 7 A D& 50 g e f2 N ICHERE LB AR 5-10
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mm BREDOEE 2K LTz, 26D~ T ZADEMOIGIEZ i ClEfk L, ~ v
21T 10 Gy HDHWNE 15 Gy D= v 7 A H LT 8 K% 7 =T —8
FBDTRZ A AV IRy ¥ = o AR HEEE THIE L7z, HeLa/Ret-SV-luc
R DI Tl 10Gy O~ 7 A% TH 0952020 1% (n=3) L Eo7=<
BRI R B 722> 7278, HeLa/Ret-31-luc MO EE Tl 10 Gy O v 7 24
FRETT21C, BE LAAWEA LT 5 & 175+ 0.7214% (p<005;n=8), 15 Gy
T231+£065%% (p<0.05n=3) OHEMAEIL S, HeLa/Ret-37-luc D
JEETIX 10 Gy D= v 7 ARSI ST L7226 L 25 £ 229+0.12
% (p<001;n=5), 15Gy T2.67+x0501% (p<005;n=5) OEANFTED S
7= (Figure 14), ZDO X512 EHLHOMIEDELAETY invivo TV 7 =7 —B ¥
BLOFAERWMMEEIN, =y 7 AR LD ENENOEHR T RE—X —D
IEMEALFERD BTz, 7272, in vitro & Fbig LHEFREIS I 0 IRV, %1%

JRRDTEH & & HRHDWUBDLETZ LB b D,

2-3-10. fey::fur Bin AR O L B R ELEAIEED in vitro TOV I = L

I, V7 =T =BT EGFP Bin ORI r 11937 v E
— X —TFICAEER T Th D fey:fur B T2 BRI o857y FEL IR
TANARY B —TLEEMITEAN LT-MIE (HeLa/Ret-37-Fcy:Fur) % {ERK L.
5-FC & D A& T in vitro TO ARRBE s FIRE 2T Lo, i L7z BRE
(5. fey:fur BIEF1E, FIREHAOBEBLETL LTHEShIZLOT, BERE
DY h T T IF—BEa— N Hfey- 1 BIEFE VT VARARY AR LB

FUARAT 2T —BEI— RT5 fur-l B rZ2@E LI AN LB T-THD(28),
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OB T OEMIIMEEROTEHZRFFL TWD Z BRI TWD, v b
Y UT T T —BIEE OO FLEMW I L CEME OV 5-FC 1, RIE O
PERTEMEIZ LD BEO W 5-7 v A v 7 Z )L (5-Fluorouracyl; 5-FU) (Z4)5R/Y
(AW S LD, 5-FU L, %&F DOEFRIEMEIC LY & 51T 5-fluoroUMP IS
D, ZD%, MANTE BITERA ICE S, BERILESST ) LB AR
ExRN LRI A FHET 5 (33),

FP. ZoMRICT y 7 2B ARG L, fey:fur B FORBERE & X7
BoOBHIZX VM, =y 7 ZEHETHE 0 FF[E TS HeLa/Ret-37-luc & HLf
HEZVDRELTND I ERbnDd, ORI, = v 7 ARES 6 B 6
BEEIZ72 0 12 BTV — 7 1232 L7223, 24 RERRR IS XIS PRES AT O RREIZ R -
7= (Figure 15A), £ Z T, 10 Gy DT v 7 A% M4} L 72 HeLa/Ret-37-Fcy::Fur
% 5-FC 28T Lz & 2 5 5-FC OIEFERIFRNT I O A fF SRS IHE
KT L7z, OB, HeLa/Ret-37-luc 0, T v 7 AfR%E G LT 720l
I BE &9, HeLa/Ret-37-Fcy:Fur ~Dx v 7 AFOMBEIC LV fey:fur
BB TRIANMEESIND Z L TS5FCHH SFUILEHRIND Z LT ERIX
NTAIREIZ L Db D THLEEZOND, LLRNRL, =y 7 A a Mg
L72WGEE T fey:fur BIn F 22D HBLL TWDH 72D, 5-FC Z @O RE TR
4% & MRRZENE Z % (Figure 15B), ZHUHDFERIT, 7 1 11-9-37 F o E
— =N ZOFEDRETHRIIISHTE LR TIIRNZ 2R LT
Do LMLRRG, 7o, AR T L DR LI HEN, BECHTE 571

T —HEOEEZRRT LR THLEHEZ TN D,
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2-4. 2%

ABFIERRSCTIE, BSOS E L CEM LT 2 7 n e — 2 —OREFIE L ER L
lerue—2—0WHE, 512, ZOWREIEHORRRIEIC OV TG LT,
R THE Ln, BISEMND N T 7 me—2 —3, FIC CCiEEL
THREBERFOMERINE T X MG DY, EAREGR A2 T D
TATA R > 7 ZAFFNHES L CTHE Lo, ZOFEZ, fITRITIEE L CEEed
HERBR T2 5 50 LOBIRL TV A 72 DRGNS L CEMET 5 7 e ' —
2 =BG TE DD ENEB X T, AFFERIL T 2 2OV rE—F—7
ATV —"ME LN, F—DTA 77V —TlL, 63.6%D7RE—HF—)Nx
> 7 ZAORISE LT FHRONL Y 7 =T —PRIGFORBAHEITHR L,
BT E—HF—TFA T 7V —TlLo19% L FEAETRTOTBE—H —
INTy 7 AMOFRIEE Lz, bHAA, FRIEEMEILT v 7 ARRO K7
B EOFMEICHELASINDD, FEFITHWEIS THYORKIIGE T 57 1
F—F -G TED LRSIz, FEBR, [FERDJ7E THEEE L - RiNLIRE
M CHEET D RGBT r =4 — B OO DT A 7TV —Th,
46.6% L V) EWEIATIOGY DTy 7 ARG ETH Tt —4 —42HE LT
(34), 2D X, AWML TR LEFEZEDHTHY . AICISE L THE
AL T DERE K T ORI 2 EE ST 2 0E, TR LIRS & D 7 a £ —
Z—DHRFFNRFRETH L L Bbh b,

A EIEUS U B US B 7 r e — 2 —E, AR REREmL, 2y 117
2E—%—3, HeLa Ml CORmWISERBIE ST, o, F o7 vE

—H =T A4 T TV =7 T —H—bH b FEIZIRE SO LNCaP #ll i C i R
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INEMEERT L O L H o723, HeLa MM I 1T 2 JRE M & LT - Tz
(34), Ziux, BEHL, RO RO EZR EIC LY | FIBICIRE
L CIEMHAET 285 RN - ORENR R R 570 L B2 bivd, EBE. Nrf2, p53.
Octl 7 & 572 2 FFH DR G K1 Dk G Y 2 R U CTRERD I iE TIERL L 72 7
HE—4—(%, LNCaP flld TH AL XD T 7 E— & — LA L ~LD
INEEER LT (34),

ABFIERRSCTIE, R S U 7e RS A SR L TRV LT, UM <
IEME{E9 5 NF-«B, AP-1, CBF-A, NE-Y O 4 FREOHRE N1 2RIV L, T Oks
AEeFZFH LT HeLa filfa T 7o — 4 —2B5 L, /B LIz 7 nt—
B =TG4 T TV —=NERE LSO E T et —F —DWE 2R TAH
& Z A, NF-xB & CBF-A Ofi G lA 2 G eFI G mn 2 LAV RSN, Zhb
2 DOERB RT3 @ WIS B E A RFF T 570 &L oo 2 5 & bl U CTHREICHK
RIS EMEICH S B> TW A AREENRZ X b D, S EIEIR LICHRE K70
T b RIS KT T D IR EPEISE VRSN TR Y . AR TR L s
BRFRHEEDFEIRTHL0E I MNIAHATH DL, 62 HOTmE—F—% 5T
F DT E—SZ—TA4T7 7 )—=05L, HMEOEWW I RE—F—THL¥
7 = 7 — PR FRBLOEMERIT. RTH 10 FRETHITS Th o 7228,
ZDOZ L HIRERFOBRPIUCE R T D AlRetEn & 5, BINHRNZ 5 2 2 R
DBIETFRIT 77 7 A VOENE MRS D Z LT, BRBSEE T 2

T—H =BT 2700 X EYRERE R T OMAGEDOEEZ RNES 2 Ln

JEFESE AT PCR IC L B T a®'—& —Wi iy ~D 2 L DREBED L B
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HMZR B ECEMATRETH Y . IR BEWI EARS T, UENS, KBES
T mE—H —{EMEZ 2720 HeLa flifd 7/ 2 B2k 0> DNA W 1228 BLE AR

PCR (2L VW RAERZEANTHZ LT, KGET TOT vE—Z —{EFE2 (5T
THT L, ZOFEZRVIRTZET, ZOEMELZM ETEL2 R ELZRL
7= (7). AW OERG A T = X LIEBAEMOFN EITRR L0, BEH<
WA BN R AN SN T rE—4 —IEEE DL, SOICEENEAX
NDZEICKVERG KT & DNA & OFFWER A3 D 2 & TG A B L
TeeBEZATWD, SRIOEEDHRIE [CHR BN L L7 &) 0T
372 <, I X 0N 2 BEFORBAEDOFEIEPIEIMLTDIF THLND,
S 72 IR DERGIEME DS BEE L 72Dy, RIS & 2 R DEREIEMED ) | L7272
EOBIZENG|EH I EINTETDTHLEEZILND, FEE, /v 1l TrE—
Al EREBANTLHZ TG L7 er 119 Tue—4— ILICAERE
AL m 11937 et —&— %, ZEREAFTLY b HBSHRERE LT
ROV OERGIENE (FIRE s FOFELD) N L Tnd Z ErEhiz (Figure
6B, 71 11 7uE—4—;SV40 D 3585+ 16.6%, 7 1> 11-9 70T —H —:
SV40 ® 8.80 + 1.29%, 7 v 11-9-37 71 E—4 — ; SV40 D 476 + 0.23% (—
PRI FEAT —#)), Ziud, BEOEANIC K > T DNA OREIEIZZED O
ST TIHRWNEEZEZ TS, bbb, ZBROZ AN DNA O @ IREED
PbaplEfEZ L, B2, B2 < E 0 ICEEERFD 2R 0GE, IRE R
[Kl-73 DNA IZHE LICS W& L 22> TE Y | FEIIND 5 Z &1 K 0 553
WK 7238195 Z & C DNA ORENE ST 5 & B-G K113 LART & Rk H2

TR TDREDETNANEZOND, BEREZEANT D120 HE AN PCR

36



EITHER DNA a2 — R L TWAH X U BOMRES R LIRS T& -
FHETHHH (35), DNA O—%AFiEDOZE(LIX, DNA BIROHEEIZ DWW T H ¥
Brhz, 7ne—4—REOWRIZHAMTE L Z EREhic,. %I,
IR B N DBE LISHEE(LOBIRA & X0 IRRE e E FEhE L7z,

UANARY Z—ORMATIREICH 2 E 2 G aICBEIC R 5 L b s,
TIT, LERUANARZ Z—2FH LT, ELLT et —4—TIILy
7z —FBEarEMEE LBy FOMI~DOEANER AT, T
— X — OB X ITIEREF Lo E EREMITHIL~OEANATRETH o 7203, W
<OPOMERLEFEELE, #lxX, 7ue®t—%—0OEENERITIEFE U TR
MoleZ & ThD, ZORENRBEAZLY | FBHEREIS DO L-LCR VY R
DI O b7 ENBE ST, ZHhUEL br UA L ARHITEO 7 ) LS
AT T L= TH720, AT 77— LIEEHNOREIZEEIND 2D T
IFRNNEZEZXTWD, HDHWE, PYT7AIREE L YA VAT ) A ET
DDNA A>T 7 ARDEWZEDHDEW) AJRENE L H 5, tMORESE LT
I, REOHABZ U e T A L 2ADORENKE Tl ~DERFEAE TIC
RERA AN 305 2 &R0, FiLA 2 FIRE7: DNA RICHIR2Y & 0 H GBS T DOEA R
Lo, WFRICHEZ 2SS, MEE BEbins,

B L7227 0 11-9-37 7 a T — X —DRISEMNED A T = X 2T L < Do
TWRY, TR EWE OFIE T TIRRIBUSEMER ISl SN2 2 &b, Bk
NAOBEENRBESNT, £, 207 aE—2—%, MENE{EA R LA
ZREEITHEATHD RE VL E T A (36) (ZHINE L TEMILT D

(37,38) (Figure 16), — 5, fLOFIEH, Fl 1L~ A b~ A > C DT,
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71 11-9-37 7 rE—F —ITEHEL L2V, v A b~ A 2 C bl
ARMVRAZR|EEZTZENRESNTND 39), LEEB-T, 207 aE—
Z—OIEMHAGIZIE, BAUCEBRE A B L RREBETHIIE 0 &V 9 DT TidZe <,
HDLEEEDERILA NV AHDHWTIRIEA b L RITIA TENUNDOER G 25
ThHHZEEREL TS, FlziX, DNA L O EERNEGT 2 /6EEL H
Do HHHRD DNAHEA SIS Z T Z LIER<MONTVDER, T rE—X—
DIEMZA LSS RE YL E LRV AT TF 8 DNA EHEER LEE
EoOlERZFTZENHBNTND, 7272, FF VBT L RS DNA O fH
(ZIRALDNA hARA Y AT —B2HETL (40), —F7, Y A7 T7F L DNA
OPEMNEEE 2T 5 Z ENMbLNTEY (41, 5l &k ZTHEIEOREMITA
LB D, Flo, v A bvA T2 C BB, TAXER EESIEED
L DNA CHHAEEMZT 22 &b TS (42), FHBIHRD A I =X LT
ZUEERMTITRIE ) TH D, SR BT LT 20,

SEIEFE LY e —2—%, BWOKRNTE, = v 7 ABORIITISE L
TG T OREEENT 5 Z LRSS, L Lans, ZofnEls
IX in vitro TRIE I NDGE LI L TREMfl N7z, b ol oRA
TBIRFACIEIAHTH D, 7272, BMEROEE, BAEBREHOLWEETYH
HeLa/Ret-37-luc <> HeLa/Ret-31-luc #ifid THAL S L7257~ 5 . HeLa/Ret-SV-luc
HIRZ X DEFED SVA0 7T rE—F =L DLy 7 =T —EBRIBICLHbD L
AL ~v D 7 F R LT b, In vitro (23 THIBLY 72V IRRE I,
7011937 Tt —H—Z LNy 7 =T —BllaFORIUL SV40 7' 1 E

—HZ—DHLDEEE LT 1595 + 033%FRETHHZ ENHBHLTEY (ZER
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AR EAT —4) | in vivo T S 2O JF A THRPEAS 22 W B OTE P 57 L7z
LEZOND, PIZIE, v~V AMFUIZEENDLRLERYTA M UA R ED
BTG E O X 12X ) AT 7 e — 2 —OEMACICBE 59 5 5 K 7 23l
WMORNIRIEETHIEMLT 52 L T, 7rE—4 —OERRFIEHZ®D TV
DOTIERWNEHERIEN S, XRE LT, BERTFOBIRERHLT —4 T
72, FEBEORRICAILTITO 2T & THAREMR TE 5O TIT RV NEE X
TWo, BE, X— P~ U R & T 2 TG 2 TR L. B4 IR
W35 Z L TIHHEET 2GR F DR EIT > TV D, oD ERAE K
AFETHE aE—F—52HETHTETH D,

7111937 71— % — in vitro TT v 7 AR FRRITIGE LT Rk
BARFORBAPEITHINT 5 2 &0, Il S TEWZ2 in vivo TH, = v
I ABTIET D ENHA L2 L 22T, BABEB T 2R L7
EAGTIRMD in vitro TOYV R 2 b—3 3 U &{To 70, Hila#EDEW 5-FC %
FUREANC A SN2 MREMED @ 5-FU ([CE#T D EE D& s F. fey:fur
7w 11937 7 nE—2 —TCTHATLIELET I > b & LT HeLa il %

ICEAL TRt EIT 72, 207 aE—4—F, BHEHRIOSE L THorE
O fey:fur BIETORBEAZFHFE L, [F UAMILIC 5-FC JEFTE T TR #RIRS L7-

A\ & D3 HeLa/Ret-37-luc |Z 5-FC /77E T CHESHRS L7256 & T %
& 1 mM LLE®D 5-FC ORI X0 #EEHCA Z 2RI sE DR EnBlg ST
W2, ZOFaE—F =%, BURBREEORWEIE, BB Z N2 725
A=A RRETHD, £z, SV40 T aT—X —D 16%FEE DOIEM % 7~

DIHTHY, ZOTaET—Z—CTHHE L EGFP ¥ X7 ED@EIEHRED 7 1
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=P A R A—=F =L DHH T, BEO HeLa il & 45 & oA~
VI NTHDHTHD (Figure 11C) . L22L72R235, 10 mM @ 5-FC f#7E F T
SRR BB L7220 EATH, #9 20% & U2 BT L72 © O O 4030 A
faFEDRENBIZE S 17 (Figure 15B) o RN RO OFEBUZ K 2 ML DI
I, BB L7 eE—X —DORRTEH L2, 5-FC ORMPRESTHMD 2 A

U SBIZIERINEIE R EATRES 5 2 L THOBREDOW R ATRE TIEAR
WiNnEEBZ TS, 70, BRBIE T TH S fey:fur ® mRNA BLOZ /7 H
(B RN AR T A LA A 2 Y D RNA 3 fif{etERL51 D AU Rich Element
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Figure 1 Construction of radiation responsive promoter library and selection method for radiation
responsive promoters.

A promoter library was constructed by cloning randomly combined DNA fragments containing four
transcription factors upstream of the TATA box sequence in a promoter probe vector. Cells were
transfected with each vector and exposed to radiation to see if luciferase activity increases. Promoters
were evaluated by calculating ratios of luciferase activity after radiation to one before radiation and

selected the ones showing higher ratios as candidate promoters.
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Figure 2 Promoter activities and their X-ray inductions of synthetic DNA fragments in DU145 cells.
A. Promoter activities without X-ray irradiation. Luciferase activities driven by synthesized promoters
were expressed as the values of the promoter activities and they were expressed relative to that driven by
SV40 in the pGL3-Control. The red bars indicate significant increase in luciferase expression in response
to X-ray irradiation (p < 0.05). B. The promoter activities 6 h after X-ray irradiation. All of the values of
the activities are expressed relative to those in the identically prepared samples except for X-ray
irradiation. The error bars represent the standard deviations (n = 3). The presented figure was depicted

based on the representative findings of 3 independent experiments.
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Figure 3 Inductions of clone 11 promoter activities by X-ray in various cancer cell lines.

All of the values of the activities are expressed relative to the same samples without X-ray irradiation.
The red bars indicate significant increase in luciferase expression in response to X-ray irradiation (p <
0.05). The error bars represent standard deviations (n = 3). The presented figure was depicted based on

the representative findings of 2 independent experiments.
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Figure 4 Promoter reactivity to X-ray irradiation in HeLa cells.

HeLa cells were transfected with a plasmid containing one of the constructed promoter clones (clone 1 to
11). Luciferace activity was assessed 6 h after the transfected cells were irradiated with 10 Gy X-ray. Fold
activation was calculated by comparing luciferase activity of transfected cells with X-ray irradiation to
the identically treated cells except for X-ray irradiation. The red bars indicate significant increase in
luciferase expression in response to X-ray irradiation (p < 0.05). The error bars represent the standard

deviations (n = 3). TA: Promoter consisting of only a TATA box sequence.
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Figure 5 Reactivity of clone 11 promoter to X-ray in HeLa cells.

A. Induction of luciferase activities by X-ray irradiation at various doses. The bars represent the standard
deviations (n = 3 to 5). The presented figure was depicted based on a typical representative of 2
independent experiments. B. Kinetics of luciferase activities after X-ray irradiation. The bars represent
the standard deviations (n = 3 to 6). The presented figure was depicted based on the representative

findings of 2 independent experiments.

55



6 Clone 11-9-37 ¢ A
c °
()
E 4 Clone 11-9
o) [
(&] [ ]
[
g /
ch ] * ]
5 2 Clone 11 ) '
o
L
0
0 1 2
Numbers of epPCRs
Relative activity Fold enhancement
0 10 20 30

0 1
sveo | B
clone#11 [}
pu-Clone#11 [}

Clone#11-9 |}

rrFF“

Clone#11-9-37 I

Figure 6 Improvement of the clone 11 promoter reactivity to X-ray irradiation with random
mutations introduced by error prone PCR (epPCR).

A. The reactivity distribution of clones generated from clone 11 promoter during improvement by
two-step epPCR. B. The promoter activity transition of improved promoters without X-ray irradiation.
The bars represent standard deviations (n = 3). The presented figure was depicted based on the
representative findings of 3 independent experiments. C. Transition of improved promoter reactivity to
X-ray irradiation. Open box: Induction of promoter activities 6 h after 5 Gy irradiation. Solid box: The
induction of promoter activities 6 h after 10 Gy irradiation. The bars represent standard deviations (n = 3).

The presented figure was depicted based on the representative findings of 3 independent experiments.
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Figure 7 Nucleotide sequences of clone 11 promoter and improved mutants.
Incorporated cis-acting elements are indicated with underlines with numbers (corresponding to numbered
synthetic DNA oligomers described under Materials and Methods) and directions are expressed as
arrowheads. The potential TATA-box sequence is framed squared with hatched lines. NF-«B binding
motifs with the same mutation introduced in clone 11-9-37 were framed squared. A mutation possibly
caused by deletion due to homologous recombination introduced during the cloning of the fragment was

marked with an asterisk. Mutations introduced with epPCR highlighted with black background.
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Figure 8 Screening of a promoter library for reactivity to X-ray irradiation.

A. HeLa cells transfected with 62 constructed promoters were exposed 10 Gy X-ray and subjected to dual
luciferase assay 6 h after that. Fold activations were calculated by dividing values of luciferase activities
of irradiated transfected cells with those of the same transfected cells without X-ray irradiation. The red
bars indicate three best promoters in their reactivity to X-ray irradiation. B. Relative background activities
(activities without X-ray irradiation) of all the 62 promoters to that of the SV40 promoter determined by
dual luciferase assay. Luciferase activity driven by the SV40 promoter was set to 1. SV: control with

pGL3-SV-luc. Error bars represent the standard deviations (n = 3).
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Figure 9 Schematic representations of structural features of constructed promoters responsive to

X-ray. (a) clone 831, (b) clone 843, (c) clone 848 and (d) clone 11-9-37. Arrows represent transcription
factor binding sequences. Colors and directions show their kinds and directions. Red arrows: CBF-A,
white arrows: NF-xB, blue arrows: AP-1 and green arrows: NF-Y. The yellow boxes at the most

downstream represent a DNA fragment containing TATA box sequence.
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Figure 10 Responses of constructed promoters to X-ray in stably transfected HeLa cells.

A. Highly responsive promoters of clone 831, 843, 848 and 11-9-37 were integrated into recombinant
retrovirus vectors. HeLa cells infected with a recombinant were exposed to various doses of X-ray and
subjected to dual luciferase assay 6 h after that. Fold activations were calculated by dividing values of
luciferase activities of irradiated infected cells with those of the same infected cells without X-ray
irradiation. White bars: clone 831, green bars: clone 843, red bars: clone 848 and blue bars: clone 11-9-37.
Error bars represent the standard deviations (n = 3). B. Kinetic responses of luciferase activities of HeLa
cells infected with a recombinant to X-ray irradiation at 10 Gy. Blue line with solid circular markers:
HeLa/Ret-37-luc, black line with solid square markers: HeLa/Ret-SV-luc. Error bars represent the
standard deviations (n = 3). C. A kinetic response of luciferase activity of HeLa/Ret-37-luc to X-ray

irradiation at 2 Gy. Error bars represent the standard deviations (n = 3).
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Figure 11 Enhancement of EGFP fluorescence with clone 11-9-37 promoter by X-ray irradiation.
HeLa/Ret-37-EGFP cells were observed on a fluorescent microscope without (a) or with (b) X-ray
irradiation at 10 Gy. The cells were observed 8 h after X-ray. (c) Wild type HeLa cells without X-ray
(blue line) and HeLa/Ret-37-EGFP were analyzed with flowcytometry 8 h after X-ray irradiation at 0 Gy

(purple line), 5 Gy (green line) or 10 Gy (orange line).
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Figure 12 Responses of constructed promoters to proton beam in stably transfected HeLa cells.

Luciferase gene expression of HeLa cells infected with a recombinant retrovirus was evaluated 6 h after
proton beam irradiation at 10 Gy. SV: HeLa/Ret-SV-luc (black bar), 831: HeLa/Ret-31-luc (white bar),
843: HeLa/Ret-43-luc (green bar), 848: HeLa/Ret-48-luc (red bar), 11-9-37: HeLa/Ret-37-luc (blue bar).
Error bars represent the standard deviations (n = 3). Statistically significant differences were indicated

with asterisks (**: p<0.01).
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Figure 13 Suppression of enhancement of luciferase expression with anti-oxidants.

Enhancement of luciferase expression in HeLa/Ret-37-luc by X-ray (A) or proton beam (B) irradiation
was suppressed by addition of an antioxidant, D-mannitol or DMSO. Error bars represent the standard
deviations (n = 3). Statistically significant differences were indicated with asterisks (*: p<0.05, **:

p<0.01).
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Figure 14 Reactivity of artificially constructed promoter to X-ray in infected HeLa cells in vivo. In
vivo luciferase expression was augmented in response to X-ray irradiation at 10 Gy. After tumor tissues
of infected HeLa cells of similar sizes were formed in the both flunks of five nude mice, one of the
tumors was irradiated with X-ray at 10 Gy or 15 Gy. Immediately before and 9 h after X-ray irradiation,
photon generations emitted out of each tumor tissue were recorded for the bioluminescent image data and
they were calculated for changes in luciferase expressions. Error bars represent the standard deviations (n

=3 ~ 8). Statistically significant differences were indicated with asterisks (*: p<0.05, **: p<0.01).
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Figurel5 Increase of fcy::fur gene expression and reduction of cell survival by 5-FC after X-ray
irradiation.

A. Expression change of the Fcy::Fur proteins in HeLa/Ret-37-Fcy::Fur cells at 0, 6, 12, 24 and 48 h after
X-irradiation was detected. HeLa/Ret-37-luc cells without radiation were loaded in the leftmost lane as a
negative control. b-actin served as a loading rference. B. Cytotoxicity of 5-FC to HeLa/Ret-37-Fcy::Fur
cells was enhanced after X-irradiation at 10 Gy. The mean cell survivals of HeLa/Ret-37-Fcy::Fur were
evaluated by WST-1 assay. The data are expressed as cell survival ratio that is calculated by dividing
surviving cell fractions after treatment with 5-FC by that of the identically treated cells without 5-FC. The
solid lines are for HeLa/Ret-37-Fcy::Fur and the dotted lines are for HeLa/Ret-37-luc. The red lines are
for X-ray irradiated cells and the blue lines are for non-irradiated cells. Error bars represent the standard

deviations (n = 4). Statistically significant differences were indicated with asterisks (**: p<0.01).
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Figure 16 Responses of clone 11-9-37 promoter to anti-cancer drugs in stably transfected HelLa
cells.

Luciferase gene expression of HeLa/Ret-37-luc cells was evaluated 6 h after exposure to anti-cancer
drugs. CDDP: cis-platin, CPT-11: camptothecin 11, Taxol: paclitaxel, MMC: mitomycin C, Dox:
doxorubicin. Error bars represent the standard deviations (n = 3). Statistically significant differences were

indicated with asterisks (*: p<0.05, **: p<0.01).
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