EMFERZSND. FIT. SK HEP-1 HifE® Hela
MR IC Ad-TtTA-{TS-L % AdOn-L4 2/EH S ¥ 720
riTA BE L ~)L 2, 8] VP16 IR 2 O—F i Hik%
A W /= ELISA (enzyme-linked immunosorbent
assay) JETHH U, ULALZBMS, riTA OFR
LoJLE, Ad-riTA-tTS-L ZEHZH/#IETY
AdOn-L4 #{ER X B/ &M Bho7e (data
nol shown) ., E4 iR & 3" ITR ECFDMEIZ 1TS RIR
BURBAZINDZET, T2 5EEE
TOE—& —DIEMES up-regulate INT=OhHL
NI, (T, Ad-riTA-1TS-L A% AdOn-L4 12,
BWBAEME@EERLZOMITHATES. 5%
HIMFEEICEN-F 2 HROGEEHLLETFD
mutant riTA ZHNVNBTEICE- T, EHIENE
REHHUBEFEA REROHEEZTOTET
5.

D.1.2 EMMREREEELET T/ O1IAN
D8 — AT LDOHR

! BEONARRTF RE2RRTELT7AN—3a
— P RTFIIANANY ¥ —DHER '

TFIITANARG Z—DBRFILELS., <D
MR TEANTETH SN, BETHREOE
By —4wy hER->TWBHK - 0 —HIcs
WT 7T/ T1NAZEED CAR ORBMNZL <.
AR —PNEFATERN (HB2WE+Htlges
RETETNAWN) FINHD, EEHHR, TS
MK, B A &5 MERROME, BHR
ke, —EoEia/is i, CAR DREEMNZ LN
WIZT T/ TANART F— L LB ERTFEAZR
BHHTROWI ENATESNTNSA, IS OHiE
IZHLTH 77 A NN—2 ML F—2HWS
CEREDPRBRBETEATESZENTHE
N3, HI2-13EECBNTIR. 771 /1N— /7O HI
N—TEIBIZ RD BEFIEF LT 7 A/ —22—%
YRR —(ARCD) ZH WD Z & T, b HEEEM
K. b bR mERRMEL. & b e ki R .
< AR, BHAMIRE R & 84 72 CAR negalive
DHRRICBNWTHER<BLTHEARIRERI &R
L.

EEEL, K774 —ZIa—F L bFF /04
WARG Z—{EBEE S 5IC%RLT,. 771 1N—
J T OH — TR TR, CRIRERIZD |
ATy 7O invitro 17— a3 > THEBEDHEA
TFRI—-RBETEHEATELIR Y —(ERikE
BHEL~L, £81Z. 1 A5y 7O invitro 3145~
Ta itk d Bl RIEBFESAOHNEBRETHAEN
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oty hTED THEICENOARRTFEE7
FAN—LIZRBLETT /U1 NARD F¥—DIE
WAREEIZT HEMNZBLOTH D, 512, BIR
B O A2 57, E3 RIEER. B4 fEELE 3'ITR
BRI OEBEAOARBEFHREAENREHAEDEN
W, SRR WEIRE RS,

INET. I77AMN—3a—% Lk T7F/ 910
ARG I—DT 7 AN—LCRBEESEERTFRE
LTHERED RAFRERY YD RTFREHELHA
WENTE, RD R F FITHI —7EES (XK
BRI A SN R F—BRARIN TS,
ELSDOBEENATF REAEMEELTELTWS
MO TOHERL< kW, £, KU AR
TFRIZDWTIE C KRB A SNz & —
LhBEINTWiRW, £ TEFFETIL, RGD A
TFERRYY P RTFRETFAN—)TD
HI V7580 C RIMERICBA LB L ORI ¥
—2ERLT. IhoORY T —DHIREE KL 2
K (Gt 9 %3 2RALTHRHMLE. TOER. RGD
ATFRIZBEL T, H OV —7HBICEA L =X
H—DHFMN, C RBBAMEALERIF—LDD
B TEABETEMCEL. H b—TEBOAN
WAL EL THEL TWBZ EANBAL -, iz,
RU YDA T7F RICEL T, R L — RS IE
ALTERT I —TIIBETFEARBMEO LRIZE<E
BN, C RIBERICBALEZRS Y —TDH,
BOBERTEABEERLE, 85T, AWaAT
FREFICED, @BLERARENEETS I &N
WERL =, 77 A N—/ TOHI b—TREBIZHEA S
NEARTF R GEARTF Ro) NKRIE. ¢ KinE
BeEHT7rAN—F NI ERNICRAIAENDH,
T7AN—/TOC KMBRICHAZINARTFF
2 J@ARTFRO) N KA 7 7T N—F
PIVBEHEL., (BANTFED) C REEML
F7U—=RBIEND, BABMICEDATFE
DI BEE X DHRANARBZIENEL SN
3,

AWK THRLETyAIN—Za—F > TF/
TAWARG Z—id,. Z7AN—/TOHl W—T8
HoOARST ¢ KIRBABITOARRTF FERAT
EDHW, MABHBEEZ S STRTFREHFLEN
D —RBODOEREMICZD2EBDNS., £
Joo HI Jb— 768817 RGD RTF K&, € FKiFEEIC
R YR F RERFIAG L XY 5 -1,
ETNENERONTF REMFEL R ¥—OEFH
ZIRRMATED, BFRECHRETHERTO
HOBWOHTERBRIF—IZRBEEDLNS, &



B, 0N —THEEIZ RGD R T7F B &, CRSEKIC
RY YD oRTF REABICMHEG LAY 5D
HEMIZRGD RTF RPRY YT ATFREANT
M ER L T WA Z &3, s RGD XTI F FEH
WeBAHEERL, Mgz~ F—E0ELT
HPREELEOANS O HBERELTRETSIL
Ik DEEL T3 (data not shown) .

—%, ERBESHELETIAORERNNDEHE
BEIZES invivo BRIETFEAEEIZEIL TIZ, RGD
RT7FRE Hl N—7REBICBALERY T —R
LENTHD, D RIFRERY YD ARTFR
EAMICAELERZF—R, BUYTPIARTFE
DOHEMNEGLEAZY—-OFEHIE, ThiEEFND
DT> 7= (FERBR 7 LD ERENTND).
i, RYUPRIFROEDIICTRI v IR
WRRS (NS U HBER#T D) eB#ETLHN
H&—TIZ, BE () ACBIEI5-DR
BUHEMNET AN ERBRLZOMAB LN,
f#->T. BRNCEDBRERNIVI—Z2ENWZITEHT
ENEEEEZR SN,

CAR Hp2Witev A>TV EHEBTERWTT
JIANANT Y — OB .

FTF)I1 NV AOHMBHN~OREAE. 77173
INZEED CAR ICHEL, TOBAFIR—-AD
RGD EF— 7 HMAREKRE LD 57 VICHEET
BT EICLoTHRIS, 5T, Y—FuTa Y
EEREFELETYF/IANARS Y —ORREILHE>
T CARPav A T 7)) &N LBRRERET
B EMPBETHD, TIT. 771/N—DFG loop
DE&TI)B(T7AN—F N TED RIS 492
DATI)E) ZRIBTDHIETCAR ERBFEETE
ey #—Ad/AF-L2 &, Rk AN—2AD RGD
EF—TERBIEDETav A7/ > &
EETERWAI Y —A/AP-L2 BEML L (HIZ
N7 o—VHERRTS) ., 77-1/\—OFG loop
DAT2/EERIBERBIET. IJ7AN—F
Y BEIRESLEREIL. CAR &lFES&TERL
frB T ENEREINT NS,

HHLL =R & —DOBETFHAEEE in vitro
TRMLEE A, Ad/AF-L? BIERBTT /1
VARG H—D Ad-L2 O 1/100 DBEEFHAEE
LhmREhahoikt. —H. Ad/AP-L2 OBETEA
YEHE (CAR BB, av 1 > 727 ERERTED) 13 Ad-L2
O 1T-9 BREERFEEL TV, (65T, 77/
AWARY H—DRRICIT CAR ET7 71— &ENL
FERREHAAL L THBIIENHBAL . £, N
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RO R—ZADROD EF—T & av A T2
L7=@gb— M3, #—4 » MEIEAS CAR ZREL
TWaOTHNE, FOFSRLBR NI LN
FAL 7=

< A OFig#lE (FEEMR) L CAR Eav 1
CFA) COEEERELTVARZENHSN T
%, TIT, Ad/AF-L2 ® Ad/AP-L2 T, 75/
AIWANRY 7 —DEHRS5HONBTIENRITS
MEIMITDNTHERHMNLE, LALBARS, BRI
F—EBRRBANRY ¥ —D Ad-L2 EFEBROBETR
WY — &7l FB~OBITEZEDLEEST
EMMskE Mo, o T, F7AN—)TERY
R R=ADEESN—FHEREETELEFTTEFR
+5THD., HHELZEFICHEIEDZN,. NI
F 7 AN— ) T ERY R R—Z LN OO IR
FF)IANARY Z—OF BT EERGHE
BiELTWBIENRALNER DT,

JElgid fenesira A3 L TH D MENEMBED
RAIREAYY 1000 REBN TS Z EBHENTNS,
75 A N AEER 65-80nm TH D, FROE
AR BRI OMEEBRTES YA LWHB. —4.
bR O MENRHBERITIY I FTHD. 77
JUTNARBBBERTER N, ZOXDBH%E
BT T /I INANRY Y — DI BTHECEE L T
HEEIZOSND,

ST, 77 AN—) TERY P R—AZEAR
CHRELERTZ—%, HOFEE (771NN~ ¥
7 b)) bEAMICHRELRERZS—ERREL T
<FETH 5. BF OEIBICHEMICRITT 5
BEERBWTF ) OANANTY~E, Y= T
4 2HUH RET A NN— /T 1 J—TEE
R ( REE (HD0IMEOMER) ITHATSIE
TERBICY—F vF 4 TR 5 —ORBENFHEI
BEEIZLNETEMS, D TEEQERARY
SF—llhkbEfFIns.

HI loop BLAHI strand EE 77— IF314T 5V
OER :
WE, PRI IANANI S —DT 7 N—D—
#O(HI loop) AR TF RERBIHSHICLD
Ny —DEFBEREL & D ETHDHABPELT
bhakdichn, ZORNEBEEHEFSVER
LEER 77 AN—32—FF /I INANT Y
— EENEDOHESIIC K DMEEEHEL TS, &I5
M., THETIBESNTHAHBRESRTF P
Ty —TF L AT VAV ATFLARECEDEEEN
FEHBENIERMER T F RETF ) UAIANT Y



—DT7FAN—IBREVTHHEALERTFRED
BHEETICREI S &N HRT, By
FTELLRNICETHE>TWW, FEAATF
REBATIETT 71 NN—OBKENEL,
TT/ 71N ARFREEINICLSSREEEND
ZRECEBENIRBREL TS, oT. 7711\ —
ICEMIBAIER T F R EBA T HBICIE. BALM
NED7 2 /ERFICSASREBEBRL TR
EEER/MBICHAETNE RSN, LiL,
7 I/ EBEEFNMSEREEETRHTSICIIERENT
—IAMBEDICHLARELTED., WM TSR
HTH3, TITRLAE. BREEREOEBNT
—SENBEEIRT, BRASHEEEETDIAMT S
DORHSENSGFIFRNICESTANTF R
FIRAIRER 77— T4 AT VLA L AFALICEBL
fzo Thabb, SUFLBRANTFREFIZED HI
loop FEREALITZEOMMD B-strand % & LHEEK
(HI strand) #BRLET7r—T 531075 2168
L. A2V 0% F5F TCLROMBEAEM
LiERERTT ) IA N ABANRTF REFIOR Y
D=V TMujfETHBEER -, A7 77—
ABRERAEDO—DTHD gdp LIZINET7A/8—
DO—EHTHSBHI loop BELUHI sirand AHERATRE
THBEE 77— ELISAICE > THRELZLT,
STOTI/B*3-FL15S NS EFZEPCRIZE
STHEBALET US4 TS5 UEMELE, )
D= 2 FIZHWSERNE LTI, RRSGEEET

T OANAEROBRRBEBEEZERICAN, WD

FEREARICERBTHD, TP 222
FlERITENN SN TS EGFR #HWAEIZL
7zo NNS A HI strand R 77— S5 175))
ZHW, BGFRICH LT 2 =ZETFo &
A, 77— ORINENRBLE 100 FICETLERL
oo SBAZ VY- o THSNERTF R
BAEEALRETT ) OANANI S —ERBEL.
B TEADERD, SABEL SR £
STWLFETHD. £, EHEMT. gIETE~
7= CAR pd0idav 1 o F 7 EEETERNWT
FIIANART ¥ —EHBEDEDIIET. HO
=454 R —OERENARRICRDEER
5h5,

D.1.3 ERE®ETT /) TANARIZ—L AT A
DEFR
FFITAINANY Z—ii,. BiFEFRICHN
ENERIF—OHFT, BbEWERTEA - BH
DEEZFRTH, £O—-FTHEREICERTSHE
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R, FRMFIEIC K SEH OB, BBUEAL N
ODERRFEREEFAEN R EOBESEELT
W3, B, CORBARREZBEL, 757/ 04
WARBIZKBEEBDFTHS PRC RN LEE
METo. TOKR, a2 EHEEETS PEG
BT 7/ DA NARY 7~ DERICRHIL. (ER
SN PECEMG T 5/ DA WARY H— T RIEMHT
T/ DANANG S —BEELRNWT L 2R L.
AR H—%T AERN L 05 LB oms
WEMBICOVWTRILEEZA, AFY EMRD
BRICEREL TOPHEEOLEAL, AT EMN
RI00XDPEGIEMI T T/ T A VAT & — I RIEN
TTF/IAINANRY & — U T o 2w h
MOEICHIEEL TWi=, IhETAREEEITICL
BN 7)) w R{EBEAEOERNEBEL, KRiEtE®HS
FOHESCHTE, REBERRE, N1 7U v R
ICRWEKBER S FOREIIEEL 2ENEeE
RTCERHASNTWS, E>T. 77F/91NA
R Z—IZBWTHNT T U w BIEicBnaKiEHE
HATOERCHTREFEMICRN T Z&ICLD,
BB ORZENT Ty RET T /014N AN
7Y — R {ERTEDLURENNH S, £k HT T/
AN ARBEE T BT 2EEFREDRICET
SREICBNTH, ~FV AEMBOYKITEEL
T PEG &M T F /) 7 A NN ANY ¥ —DHitEEBHEN
BEEL. ANFYAEMR 61, 150D PECE87 T/
TANART T —SREMT T/ DAWART F—
WZIEB LT, 30 EoyikE e L T, &5
IZ CAR BRBMRICHT 2R TREADRICET 2
BEtn 5, PEG SHOMEREEIZL D CAR ~OHEEHN
BHEENBZETPECEMTT /DA NANRT F—
i, ANFV CEMRBROEKIEEL URETFREY
BHRET TS, DFED CAR ZA L& LN
RAOBRGTREEMIShD I LARENE, &
SIZING DREESEA. PEC ETF ) 1
AN - IIBRBREEEMN ST 5 I N TENE,
TTF/OANARG Y —-OBEE AR LT,

F—T a4 L TEEERBICERMA L EOBGTE
ARARG Z—IZ B3 NS, FITRIT,
PEG KRG ICHRAYIEME D T2H 5T 5 Z & T, PEG
BT T/ UANART F—DREERLDD, B
WE—TF 4 TR ERRIEATHFR/RNAFD
A —MMETTF I OANARS Y —DRBICH DA
ATZ, GlE, BRERESFELTT T 2
a1tk RGD ACFI% ®IR L. RGD-PEG &7 5./ 71
NWARG Z—EEBL., TOEESNTEZITo .

FODFEE. RCGD-PEG M7 F / T I ANT ¥ —iF



CAR EFRBHMICH LT, HRBTF /U1 NAN
& —EHBLTH 100 FRWVB G TRBRER
Ui, E-TORBIIEIREIEK, B CARD
RELAVchhb s TRNBETEARRERL
7= AdRGD &RIZETH -7z, F£7=. ARCD TH-HTH
WTF /91 ) AMEFEEF TR, MiFREO LR
W, BERFRERSBICETLAZOIIHLT,
RGD-PEG &8 7 5 ./ A W ANRS ¥ —LiENITEN
BEFREZGEL. FTOVIRELEAEIL AJRCD O 15
ETHol. SO M5, RGD-PEC EHT T/ T
AN AR & —i3 AdRGD KD ENF=RZ & —ITi2 D
BHHEAMTREEINS, SEIT, EMZRA 35, 65D
RGD-PEG #8475/ T INARZ Z—EHNWT D
N, TOEMBRETTEILICLD, BETFEA
PRLETT D, T OBRITWIZ RED-PEC ZAHWNT
FOBNWEMBOT T ) O INANRD F—&2E-HT
UL, TN AN DORD FTFHERERREND
TEITRY., BRNCT T ENLERT
WADBEN LR TDHEENENH S, BIL, EAFEMA
HHTFEMSLEKBEEESTFERWEY T /U1
WARY & —DNT T w RIEOFEHITIL, B
ORITHL, ENERES FOERNEENS
FaThRL, TF/OANACKT S PN
OEMELHEATZEEILNDZIEME, FHE
IIEARR R TIER AR ¥ — & L TR TES
e ERL T3,

D.2. KEMRIETAINA (INATUwWwR) Ry F—
O RERTSE
D.2.1 FETANARYZ—RICBWTHARETF
EEBAICERETSEVOERMR  ATFEFL R
TLA AT AEE o R TF ROBETH
ARHETETE DRFT
BETEMRADOETANARNS S —ORFEE.
1990 FERBEFT TR DTEHDNHRICE
ANTEER, CIREBERBEAEERLTWA
W . TNETOIIAART IR D
MBS RSP I - o tERE O RICEE R H B T
LERBLTWS, bbAA., HIRECRIEZED
WicEWET AhiEhEE -y AT RBIEBLT,
ZFOHWERAL S THERNTFRERT S —ITHA
HEEEREIRLDETET IO -FIIEFETHE
e, @AV, 1999 FFiCIE. BRIT I S PIILERE
IRBZENCESTTIAI R DN ZRICHETD
ZEMTERE WD /D Nature Biotechnology
RINAS It Db REHRAINSE, LRALEFOE, Zh
SOMEIBEREOHRELINBVWEEHEAESD
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ELTWS GEARAHRICEDE,. TS O
BECREZHSNEREERTERVDBOLEE
NTthadEhd) ,

INETOS TIERBHERTF FOKADKEHS
MERIZKD > TVBRED—DEL T, s
RTFREARY F— B ADBOEMAY FARD Y
—NFEAEBEEIN TN EBEITOoN 5,
Protein Transduction Domain ®EEBITI VT &
W R TF R (FEERIEINTWELHD
LE%) MBEMORTEELSHEERTIHLEN
HD, FTOHICIE. DN 2ETHEEEOREIZ.
—FEOEFH RO - EHBEOTIEFEEL TS
LENRHD, LB, IRETOMETE. I
EOATF RE DNA B RICHEBEESEE MRS
FREOHEEZFHLTDIN EEESEE2ESES L
Wi HEICHE S T B, ATF ROZEME -
RO —REELZI O NTHTEFFEAE
AHEEICIE Mo T2,

EFAETRLAVPBALESLY 77—« RTF
RF4 2T LA+ PAFLTR. EQOLIURTF
KZZRLELD &S, EE LS nm 1D DNA & HNEH
Lzt (77— OMERELLAEN.
Fi, DY CNVBEEMELIEHET vy —YREK
HEHNTFRIT, BICEAU MO -2FK>TER
xhatFEand, ZNEINETOIEITIVA
R —TRERTERN>TERERFETHY.
SAY 77— RIEFECENS Polyplex DEFN
ELTHBETERILERLTVD, 2HILIORK
ORI, AR I-BETEEEHALTE
EFREBICHT B BEEHERTF FOMREZEIERT
TELZET, Bl AP—DERFHLIETOR
KHEET B0, ERIIBIIERTE LR > TS,
IDEIDONT, SAF T —CTF4 AT L1 DR
- TESN Protein Transduction Domain @
EEE, BURTF REENRNSS DNA &EXRTF
RZREL TH->FEHEETHREIL =@ (Rudolph,
et al., J. Biol. Chem., in press) &tt#d %<&
BBRIENWENR SN S, DNA EXRTFRERALT
Yo P S MRIZHEMNT poly-L-iysine 2 EDBHE
EREORTF RIS EHERVWEETFEAEE
EZRLTVWSH, HEAA0MEIIEREICX>TE
EEN32EMLBOMEEIICBERDDTIEAR
W, IHIKIOHARILLSBETEAR
Chioroquine 7t & @ lysosome *® endosome OHEEE%
ETAESICL> TRE BN, FETRE
i A #RBK T endocytosis THdEHRmTITToNT
Wa,—~H. FILT T —PF 4 AT DRTIH,



RREZOANBEICMD S TEICRFRHEIL—
ETHD, BETFHARZEKED endosome TiIA<
caveolae NI EHSBERTHEHEEFEIEND,
DED, FLY Ty —T T4 AT BMED R
3. endocytosis ZHLAWHREEATHS L
NTWBHERD Protein Transduction Domain D
BBEERIIKMLTWSDIZHL, XTF K - DNA
DREWMEE > BAITBIZ poly-L-lysine LD
72 DNA OEWMZEFHNTEZETOMELMRETER
Vi, T, FLY I 7r—PTF4 AT L1 RE
o TRTF RO MROD—FHBEII—FIITES
KD, FEEOBBITY VIO
DEATIZR SN D & 55N D EBERNRBIFEATR]
BEICR o EIIRETRETHD, SHTELE
BRTF ROFRMBITICE > T, X DENBAE
ERONRTSFREZAD ) -T2 EM0gEL
n5HEHEaNnD,

D.2.2 FEDANANRI I —RIZBVWTHARET
EBNTEELX DD OEKHAR

FESE (2002 ) #MSSEIMITIT. § FERihs
ERENTND X RAKEREEEESRELISED
BETHEF*ZTZ 11 20BED 5, 2 40 K
THBREOEMERASEZONBHMKRERELEW
SZa—Aid, BETFHREOHESICKERFHES
HEZjz. TO2O0OBFHTIE, LhODAINARY

F—ZMo> TEHEMRICEAINERARETN

HMAEDFEE &2 &AM SN TNSEHH B
FOEBIHEAINTED., CNARREOEHEBEOK
HATHBEHEZNTNS, ERTYJAICHAZTH
A EETFIC L o TR L = iR T 2k
HIdIERENTERN, L RO NART S —%
Tl NETOEL ODRKABROERNSBDH T
BEBINTERE, LML, SEOFET. i<
B ENRETBHED, ZOLIREIER
MECBENBEEI NSO THE. COBHT
BBETFE2EATDC EICLDHBEDRIBRIN
TWaBEITIR, REEICT Y LICBEGTFERBAL
ROEEHT. FIAIEATREAEOEFEPHERRMS X
2 BHBEFHE LV AR EOHEROER
{ERHDTEHEIN TN S,

AR TIE, REERROTOATESEETN
SEENREFELEELTHIELICEELT. L0
BT A IRGEBRBISHTA OS2 K
LTER, TO0ATESZEEHL/RIK DNA ORE
LR HFBER TREENTED, REEOEELH
RER (FOA7 HBHESR - FOXAT7) i (B
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BCEMEDRLZZHO0) EMNICHEELSE
MWL EREH TREFEEN TS L EMS D,
TORBEMFERAINE. LALAGHRS, BEEOWE
TESER NS Hela MRS OHEEHMAR CREL
METHH D) THOENE [FO0ATEFI=TRFI @
HEEHRREEDOREEREREL TS 0D
i, BETHREONRTHS L MEEELHNIC
HEOEEUTHESTWELDEmMNEMT,
DI LR S8 BETEERAOATREALH
KRTBET, b MEHEHREES THRONBER
M FEEFMRICDUTEHELINESMEEED
BT AHENRHZIEERLTNE,

LT AT, SEOHFEHEL. HEOEEEWD
EFEMICIEFITAKZ/2ERE BB L TSR gEHN
B, REKFORELEED, MREGORE (O
WTI SO ORE) S EIFETEENRD S,
HHE., EFPOHEBEERL TOHSIEEEHEIIER
DHFEREF->THED., H5—FEOEHOSEEER
Felgiz MlaEd) 2EI U THRENELELSPMHT
AT, ZOBRICHRSRIEIZTFOATES]
M50 — 500 bp EML TW<HEENBLEIN, 70O
ATERAIIREHEOTEEBEBLEL THildFhE
ROBEEFHELTEBNTNREELASNTERE, —
J. RAVETHRE A 1S U /2B Mg s E RFE/LMEE T
d, FOAZ—EHMALT (Alternative lenglhening
of telomere) DWWENFEL T 0 X TECH| & HEFF
LTWahdiZMEtsEs SantanTEx
(FOATERR . 20D, TOATICEBHE
HMORERBITHEECE OBERTAERER .
BUTWS,

T O A7 RROFERL. HREHFHOHIR THRE
WEISEEOFOAFTEF (5 kbp) KbiE3
MIZEWT O AT RS EF > TWABRELHMENE
HEELTWS (2, Hela MIBTIZH 2 kbp)
TET.FOATEIOREIMBEMICHBOSER (B
ZNEREHEOEEN) EROTHADITTIA RN
ZENHREREEAD L TORERFEERST
Wd, 261, YUAGHAROCTOAT7EIILE b
HBHIIEDO 7O A TEFILD 10 FHEOOIMIEH
MEITTVAOHERENWI & - FOAST—THRETFE
RELEIDATHEOCHERERIETETIALE
boiaWwl s, MilaFmEBEOBFRIIETE
THMEE-> TS,

R4 OHEEEZTOMEN S, BHPMlETETo
ATEFINT2ITEVLN TRFI OFIRAFHICEN
(BDWEEH) EWIRENRFZIND I LN
AEOEEREZRDSEDIVNATH A EFRERIN



foo BAMEEHL-ZO TRFI {54 (TRF1 A5 1
A= ALT O L OREBHRRELRET &
LTH<) i, FOXATRHBMOFEZRZRL THl
OHMORERBERWTE 2 A TEDTHNNT
H U, RIEACKIR TI3F R HFH DMK LT TRFI
DIEESEMICEVW. I ZOERREEMITTNS,
Lil., REEOWERER. FOAT—EZ54H
BRI TS L FEEHREOFEMIELSEUDZD
ik L, TRFI Z3EREL ThlllEFmidizs s
HURWI EBRLTED., ZoBEHMaEAEE -
EEETARCIRLTLBL TIEES RN,

FNTE. RE(HIMETIE, TRF DR F %
HTHHOMBICL > TRESZREILTNDD
7EA 5 2 TRF O E (MlgR o7 X 7R
12445 TRF1 OATFH) MF O X7 OREETE
KERNTHEMERPAIE - FOATOLEIL
1213 TRF1 DFEEES ] & —B L 7= TTAGGC D#EDIEL
MHETHAI & FURMNEEST D TRFZOR &
FEMEDOMICIZIEREMERIVINI &M, TRF OfE
AN THE EFEZICS N, LA, BEME
HHEME TR, TRF 2B THRERIRIETHTO
AT EREWCTERWASMOCHEBNH S EHTES
na,

FN T b MEESHEE & MARELRTI,
MEREZ B TRF S hOEVWREETSHO
A ZOBERZRFNT S0, MBANICEE
3% TRF1 & & 0T X (Fig. 29) - TRF1 OFE
s (Fig. 30) ICDWTHNEN, BRBEREHES
Nigmofe, LHLENS, BREIXTEREH
THETBE, b MAREMRTIIERRERET
TH TRF BEORBEICHFET 20T, B L LHF
TTk FERHE&MHEFO TRF RAEESICEES
NAZEMHEEL A Fig. 31) . TR &EF, FHU
£917 TRF1 ZRBERL T T HENTOEFIELK
KMRZBEDHICE FEEEHRRTIITOATES
ERELTSEVD TRF1 OWBERAKDOITNWSZ
Lot MEHERIETIR TRF ZRICOREFLHTHEL
MEMOET (BESL TRFIEEY NV HE) AR
BLTWAZEERBLTWS, S#EOZORBED
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Table 1 Ad vectors used In this study

Forelgn gene

Ad vector E1 deletion reglon EJ3 deletion region  Region between E4 and 3'ITR

Promoter GOl Promoter GOl Promoter GOl
AdOn-L4 TRE/CMV  Luclferase CMV iTA _— —_
AdBI-rtTA-L TRE/CMV  Luciferase+rnTA — —— —_ —
Ad-tTA-IRESATS-L TRE/CMV  Luclerase CMV  rTA+TS —_— —_
AdATS-BI-nTA-L TRE/CMV  Luciferase+rdTA = _— EF-1g TS
Ad-rtTA-tTS-L TRE/CMV  LucHerase cmy HTA EF-ie TS
Ad-L2 CMY Luciferase _— —_— _— —_—
AdOn-SEAP4 TRE/CMY SEAP CMV nTA —— ad
Ad-HTA-tTS-SEAP TRE/CMY SEAP cMV nTA EF-1x TS
Ad-SEAP2 CcMy SEAP _— e _— —_—

CMV » CMV intermediate-early promoter / enhancer

TRE/CMYV = tot-rasponsive promoter containing minimal CMV promoter

EF-1a = human elongatlon factor-1¢ promotesr

Ad-ATA-IRES-tTS-L contalns CMV promoter / Intron A / iTA / IRES /1TS / P(A} cassette in the E3 deletion region.
A‘dBlv-rlTA-L and Ad-tTS-BI-nNTA-L express luciferass and rtTA frem ona bidirectional tet-responaive promoter

Adenovlirus vector contalning
improved tet-on system
Ad-riTAATS-L

Fig.1 The construction strategy of Ad vectors containing the trinal gene expression system.

Xbal-digested padHM48 was ligated with Avril-digested pHM15-TS. The resutiing plasmid pAdHM4B-ITS was digested with
Csp45l, and ligated with Clal-digested pHM 13-rtTA Next, the rasulting Flasmid pAdHM48-tTS-iTA was digested with -Ceul and
Pi-Scel, and ligated with 1-Ceul and PI-Scel-digested pHM5-TREL2. Finally, the resulling plasmid pAGHM4B-{TS-TA-L was
digested with Pacl, and transfected into 283 cells, generating a recombinant Ad vector carrying an improved fet-on system,
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Fig.2 Regulated [uclferase axpression In SK HEP-1 cells transduced with various Ad-mediated tet-on systems.

SK HEP-1 cells were transduced with AdOn-L4, AdBI-TA-L, Ad-’TA-IRES-TS-L, Ad-ITS-BI-TA-L, or Ad-tTATS-L {A:
MOI=5, B: MOI=50}, and cultured with medium only or medium containing various concentrations of doxycycline. After culture
for 48 h, luciferase production In the cells was determined. Luclerase production in the non-transduced cells was 0.5 = 0.2 pg/
105 celis. The regulation factor is the ratio of maximum luciferase production to minimum luciferase production. The data are
expressed as mean = S.D. {n=3 or 4).
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Fig.3 Regulated luciferase expression In HeLa and ECV304 cells transduced with various Ad-medlated tet-on systems.

Hela (A-1, A-2) and ECV304 (B-1, B-2) cells were transduced with AdOn-L4, AdBI-fiTA-L, Ad-TA-IRES-ITS-L, AG-tTS-BI-riTA-L, or Ad-
ATAATS-L {A-1, B-1: MOI=5; A-2, B-2: MOI=50}. The celis were cultured without (open columns) and with (slashed columns) doxycycline
(104 ng/ml) for 48 h. After culture for 48 h, luciferase production In the cells was determined. Luciferase production in the non-transduced
Hela and ECV304 cells was 0.2 = 0.1 and 0.7 = 0.1 pg/10F cells, respectively. The regulation factor is the ratic of maximum luciferase
production to minimun luciferase production. The data are expressed as mean = $.D. (n=5).
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Fig.4 Comparison of induced (maximum) luciferase

production in cells transduced with AdOn-L4, Ad-riTA-{TS-L,

or Ad-L2.

SK HEP-1 (A), Hela (B} and ECV304 (C) celis were transduced

with AdOn-L4, Ad-tTA-{TS-L., or Ad-L2 (MOI =5 or 50), and

cultured without or with doxycycline (104 ng/ml). After culture for
48 h, luciferase production in the cells was determined. Maximum
luciferase production is shown in the cases of AdOn-L4 and Ad-

fnTAATS-L. Luciferase production in non-transduced cells is

shown Figura 2 and 3. The dala are expressed as mean = S.D.

{n=5).

Fig.5 Regulated SEAP expression in SK HEP-1, HeLa, and ECV304

cells transduced with AJOn-SEAP4 or Ad-rtTA-{TS-SEAP.
SK HEP-1 (A), HelLa (B}, and ECV304 (C) cells were transduced with AdOn-
SEAP4, Ad-iTA-TS-SEAP, or Ad-SEAP2Z {(MOI =5 or 50}. The cells

transduced with AdOn-SEAP4 or Ad-iTA-TS-SEAP were cultured without

{open columns} or with (slashed columns) doxycycline (10% ng/mi). After
cuiture for 48 h, SEAP production in the medium was determined.
Background SEAP production in non-transduced cells was higher than
background luciferase production in the non-transduced cells shown in
Figure 2 and 3, when compared with that in Ad-transduced cells, Therefore,

SEAP production in non-transduced cslls is also shown {mock). The
regulation factor is the ratio of maximum SEAP preduction to minimun SEAP
production. The regulation factor in SK-HEP-1 cells transduced with AdOn-
SEAP4 or Ad-tTA-ITS-SEAP at MOI=5 cannot be calcuiated due io lower

4)
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background SEAP production. The data are expressed as mean = S.D. {(n=
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Fig. 8 The construction strategy for fiber-modified Ad vectors containing binary foreign peptides,
First, pAdHM41 was digested by Clal and ligated with an cligonucleotides that contains a binding site with the
Clal-digested fragment and corresponds to the flexible linker ((GS)4) and K7 peptide, resulting in pAdHM41-K7
{C). The oligonuclectides was designed so that the positive recombinant plasmid lacked a Clal site (i.e.,
generation of the self-ligated parental plasmid was reduced by the digestion of the ligation sample by Clal).
Second, pAdHM41-K7(C) was digested with Csp45l and ligated with an oligonucleotide that contains a binding
site with the Csp45i-digested fragment and corresponds to the RGD peptide. The oligonucleotide was
designed so that the positive recombinant plasmid lacked a Csp45I site for convenience of selection, resuiting
in pAdHM41-RGD(HI)-K7(C). Finally, pAdHM41-RGD(HI)-K7(C)-L2 was constructed by the ligation of I-Caul/
Pl-Scel-digested pAdHM41-RGD(HI)-K7(C) with I-Ceul/Pl-Scel-digested pCMVL1. Luciferase-expressing Ad
vectors containing RGD and K7 peptide In the Hl loop or C terminal of the fiber knob, respectively, (Ad-RGD
{HI)-K7(C)-L2) were produced by transfection of the Pacl-digested pAdHM41-RGD(HI)-K7(C)-L2 into 293 celis.

Table 2. Ad vectors used In this study

Foreign peptide Particle-to-PFU
Ad vectors ratlo
Hl loop C-terminal {VP / PFV}
Ad-L2 — — 15
Ad-RGD(HI}-L2 CDCRGDCFC — a7
Ad-RGD(C)-L2 — (GS)4CDCRGDCFC 33
Ad-K7(C)-L2 _ {GSMKKKKKKK 12
Ad-RGD(H)-K7(C)-L2 CDCRGDCFC (GEMKKKKKKK 52

33



(A)

300 VP/cell

LN319 LN44a SF295

Ad-L2
Ad-RGD(HI-L2
Ad-RGD{C}-L2
Ad-KT(C)-L2
Ad-RGD(HI)-KT{C)-1.2

0.018 0.001

0 0.5 1 15 2 25 o o008 072 018 024 03

3000 VP/cell

AdL2 {002

Ad-RGDMI)-L2

Ad-RGD(C}-L2 s
Ad-KT(C)-L2

Ad-RGD(HI)-K7(C)-L2

o S0 100 150 200 250 0 20 40 &0 80 100 o 0.8 16 24 32 4

Luclferase production {x10% pg/105 celis)

(B)

NIH3T3 L 816
300 VP/cell

Ad-L2 [ 0,002 0.002 0.00%
Ad-RGD(HINLZ
Ad-RGD(C)-L2
Ad-K7(C)-L2
Ad-RGDHI-K7(C)-L2

0 o008 018 024 032 04 0 008 012 078 024 03 0 008 016 024 032 04
3000 VP/celt

Ad-L2 0.089
Ad-RGD{HI)-L2
Ad-RGD(C)-L2

Ad-K7(C)-L2
Ad-HGD(HI-K7(C)-L2

0.018

0 5 L 15 20 25 [} 0.8 1.2 1.8 24 3 [} 1.0 20 30 40 50

Luciferase production {x103 pg/105 celis)

©

300 VP/cell

RL-34 Ce L6

Ad-L2
Ad-RGD{HI-L2
Ad-RGD{C)-L2
Ad-K7(C)-L2
Ad-RGD(HI-K7(C)-L2

0.001

o o005 01 015 02 025 0 004 008 012 0168 02

3000 VP/cell AdL2

Ad-RGD(HI-L2
Ad-RGD(C)-L2
Ad-K7(C}L2
Ad-RGD(HI)-K7(C)-L2

0.027 0.008

0 3 L} 9 12 15 0 16 32 48 64 8 0 08 1.2 18 24 23

Luciferase production (x103 pg/105 cells}

Fig.7 Comparison of luciferase production In several types of cultured cells transduced by Ad-1.2, Ad-RGD{HI)-L.2,
Ad-RGD{(C)-L2, Ad-K7(C)-L2, or Ad-RGD{HI)-K7(C)-L2.

Cells (A, human-derived cell; B, mouse-derived cell; C, rat-derived cell) were transduced with 300 or 3000 VP/cell of Ad-L2,
Ad-RGD{HI)-L2, Ad-RGD(C)-L2, Ad-K7(C)-L.2, and Ad-RGD{HI}-K7(C)-L2 for 1.5 h. After culture for 48 h, luciferase
production was measured by a luminescent assay. The data are expressed as mean = $.D.(n=4). in case of Ad-L2 in
CAR-negative cells, mean value was described In the figure. n.d.; not detectable.
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Table 3. Summary of CAR and Intergin sxpresaion In human cell lines

Table 4. Summary of CAR and Intergin expression In mouse call linea

tmiegrin Integrin
Cell CAR Cell CAR
avil avps av 83 [ X

SK HEP-1 + + + NIH3T3 - + -+ +
LN39

+ + + L . + -
LN424 - +/- +

B1 -

SF285 - + + i + +

CAR and Integrin (avp3 and avps) exproessin in human cefl lines
were reporied praviously by flow cylometric analysis using anil-
CAR. cwps. and avps lnilbody. mpccllvoly

HEl or mod oxp
+I : falnt expression
= ; noexpression

CAR

@ v-integrin

B 3-integrin

B 5-integrin

GAPDH

CAR and Integrin (av, p3, and p5) sxprossin In maouss coll lnes
wara reported praviously by RT-PCR analysis.

+ | Intense or moderate expraasion

+/+; tnint expression

- ; no expression

300 bp

300 bp

300 bp

400 bp
300 bp

300 bp

Fig. 8 RT-PCR analysls of levels of CAR and Integrin (uv, p3, and pS)

expression In rat cells.

(lane 1} RL-34; (lane 2) C8; (lane 3) L6; (lane 4) water; (Iane 5) DNA marker.

Ad-L2

Ad-RGD(HI)-L2

w2

Ad-K7(C)-L2
Ad-RGD(HI)-K7(C)-L2

1 L 1

0
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Luciferase production
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Fig. 9 Intratumoral Juclferase production in mice
after Intratumoral Injection of Ad-L2, Ad-RGD(HI)-
L2, Ad-K7(C)-L2, or Ad-RGD(HI}-K7(C)-L2.

Ad-L2, Ad-RGD(H!)-L2, Ad-K7(C)-L2, or Ad-RGD({HI}
-K7{C)-L2(1.0x10° VP) was injected intratumarally
into B16-bearing mice. Two days later, the tumors
were isolated, and luciferase production was
determined. Luciferase production in the non-
transduced B16 tumor cells was 1.2 + 0.8 pg/105 mg
protein. All data represent the mean =+ S.D.0f510 6

mice.
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Table 5. Ad vectors ugsed In this study

FG loop of Hl loop of RGD motif of
Ad vectors fiber knob fiber knob penton base
Ad-L2 Intact ) - Intact
Ad/AF-L2 mutation —_ Intact
Ad/AP-L2 Intact —_ mutation
AdRGD-L2 Intact RGD peptide intact
Ad/AF-RGD-L2 mutation RGD peptide Intact

fibér
N penton base

+ specific peptide motif on fiber knob
+ abolish binding activity with CAR

/ \

fiber
fiber— penton base penton base B penton base
fiber..‘
specific peptide
motlf on fiber knob
integrin specific
CAR —= {(av) -+— receplor
target cell

Flg.10 Schematic representation of targeted adenovirus vector
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Fig.11 Comparison of luciferase production In several human cells transduced with Ad-L2, Ad/ AF-L2

and Ad/AP-L2

SKHEP-1 (A), LN319 (B}, LN444 (C) and SF285 cells (D) were transduced with 300 or 3000 VP/cell {300
VP/cell for SK HEP-1 and LN319 cells; 3000 VFP/cell for LN444 and SF295 cells) of Ad-L2, Ad/ AF-L2 and Adf
AP-L2 for 1.5 h. LN444 and SF295 cells were transduced with higher concentrations of Ad vectors due to
the insufficient CAR exprassion. Forty-eight hours later luciferase production was measured by luminescent
assay. All data represent the mean = S.D, of four experiments. n.d.: not detectable, SK HEP-1 and LN319
cells are CAR-positive, while LN444 and SF295 cells are CAR-negative.
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Fig. 12 Inhibltion of transduction of Ad-L2, Ad/DF-L2 and Ad/DP-L2 to SK HEP-1 and LN444 cells by recombinant fiber knob or

penton base.

SKHEP-1 (A) and LN444 {B) cells were preincubated with recombinant wild-type fiber knob or recombinant penton base (0, 0.4, 2, 10,5
0 pg/mi) for 10 min. Then, the cells were transduced with 300 VP/cell (in the case of SK HEP-1 cells) or 3000 VP/cell {in the case of
LN444 cells) of Ad-L2 (A-1, B-1), Ad/AF-L2 (A-2, B-2) and Ad/AP-L2 (A-3) for 0.5 h in the presence of recombinant fiber knob or
recombinant penton base. Forty-eight hours later luciferase production was measured by luminescent assay. All dala represent the mean
= 5,0, of four to six experiments. An inhibition experiment could not be performed In the case of LN444 cells transduced with Ad/DP-L2

due to the small expression of luciferase,
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Table 6. Comparison of lucierase productlon in various cells
transduced with Ad-L2, AGRGD-L2, Ad/AF-L2 and Ad/AF-RGD-L2

Lucierase production

Cell Ad vectors (% of Ad-L2-madlated value)
SKHEP-1  AdL2 1000 9.0
(CAR(+) AdRGD-L2 4530+ 85.2

Ad/AF-12 13 0.1
Ad/AF-RGD-L2 252+ 14
LNate Ad-L2 1000+ 6.3
{CAR(+) AdRGD-L2 4420+ 518
Ad/AF-L2 05 0.1
Ad/AF-RGD-L2 81 18
LN444 Ad-L2 1000 172
(CAR() AdRGD-L2 56833 2590
Ad/AF-L2 1205 68
Ad/AF-RGD-L2 3278 + 462
SF295 Ad-L2 1000+ 9.7
{CAR()) AJRGD-L2 97221 % 5102
Ad/AF-L2 1233+ 95
Ad/AF-RGD-L2 4862 * 493

SK HEP-1, LN319, LN444 and SF295 cells were transduced with 300 or 3
000 VP/cell (300 VP/cell for SK HEP-1 and LN319 celis; 3000 VP/cell for
LN444 and SF235 cells) of Ad-L2, AARGD-L2, Ad/AF-L2 and Ad/AF-RGD-
L2 for 1.5 h. Forty-elght hours later JucHerase production was
measured by luminescent assay. All data represent the mean = S.D. of
four experiments. Data was expressed as the percent of Ad-L2-

mediated values.
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Fig.13 Luciferase production In mice after the sysiemlc adminlistration of varlous Ad vectors.
Ad-12, Ad/AF-L2, Ad/AP-L2, AJRGD-L2 and Ad/AF-RGD-L2 (3.0x1019 VP) were intravenously
injected into the mice. Forty-eight hours later, the heart, lung, liver, kidney and spleen were isolated,
and lucilerase production was measured by luminescent assay. All data represent the mean = S.E.
of six to eight experiments. Mean background value of luciferase production in each organ has been
subtracted from the data.
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