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2-ME  eeeccccccccns 2-mercaptoethanol

Ad  eeeereecenens Adenovirus vector

AdRGD  secereccccces RGD fiber-mutant adenovirus vector
AIDS eecececccee.. Acquired immune deficiency syndrome
Amp" ~  ceececccccee. Ampicillin resistance gene (B-lactamase gene)
CAR  seccccccccnns Coxsackievirus—adenovirus receptor
CD  eeecercccenen Cluster of differentiation

CMV  seecccccccnns Cytomegalovirus promoter

CTL  seessccccccces Cytotoxic T lymphocyte

DMEM  ceccccccrcene Dulbecco’ s modified Eagle’ s medium
EGFP eeccccccccces Enhanced green fluorescent protein
ELISA  ccccccccccccs Enzyme-linked immunosorbent assay
Fu = sseesescecans Europium

FBS ~  ececceccccess Fetal bovine serum

HE =~ eecececcccee. Hematoxylin and eosin

IFN ............. Interferon

[g @ eeeeececeeees Immunoglobulin

IL ............. Interleukin

[RES eecececcccccs Internal ribosome entry site

ITR ~  eeeeecccceces Inverted terminal repeat

Kan® ~  eccceercccccs Kanamycin resistance gene (Kanamycin phosphotransferase gene)
LacZ ~  eeccccccccces B—galactosidase gene

LUC ............. LUCiferase

MCS ~ eeeeccccccccs Multi—cloning site

MEM ~ ececceccccces Minimum essential medium

MFEI  eeccecrcccees Mean fluorescence intensity

MHC ~ eeeeccccccces Major histocompatibility complex
MMC ~  eeeesessncans Mitomycin C

MTT ~—  eeeeccccccess 3—-(4,5-dimethylthiazol-2-yl)-2,5—-diphenyltetrazolium bromide
NK  eeecceccccess Natural killer

P(A) eeeerececenen Polyadenylation signal

PBS ~  eeeeccccccces Phosphate—buffered saline

PCI  eececcccceees Phenol/Chloroform/Isoamylalcohol (25:24:1)
PCR eeeeccccccccs Polymerase chain reaction

PMSF  eececcccccces Phenylmethylsulfonyl fluoride

RLU ~  eeeeccccccccs Relative light units

RT ~ eeeeecccccces Reverse transcription

SCID eececccccccce Severe combined immunodeficiency
Th ~  eeeeecccccces Helper T lymphocyte

TNEF ~ eeccccccccce. Tumor necrosis factor

VP eececceeeenn, Vector particles
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1953 4T Watson & Crick 7% DNA #1&E4 R EL TH4 H £ TO 50 FRIC, B T-FRTEAiT
T RUWEREZZT, BN AOU =X 7RI 7 NLSINTER LTIZZ 82tk T D2 k& e lEiR
PR RO FEMIE D AR 7L~V CREE NS ARHRICZEA LTz, D557 | Zhb D1 #
ZRTIRIRIRIEL L O HLID LT 2B FIRHRIT, L ERIR & OBEEIZ > TEDBHFMFZEN
a7 AT T OLEIERITHEDHITEY, 21 HALD RO — i 1) R EJEHR RS & L TR
WIS TG,

AR TIRROBEBIT, BB G 728 E ORI OB N ~EKL | 85 7 FHL 2
(R BRRB AR T2 BT D72 O FEAMNL T 5L THAD, Lol ZOBIE THEME HAT
DRELAITIEBEWF TR S ORI A Z T 20O Lo, Bl RIZB W TTEF &R FHoHW\IE
B AR T OfifE % B L L7 BRI fTREZ 2 s TR R OB RIC EIRA BN TS, B
FIBRRERIRMTZEIE, 1989 47 5 A 22 HIZHA THIO TR FEAJESHREY /N EKAAT ) —~ i
FlEESN Y B 1990 £ 9 A 14 BICT T /3T 73T —BRBIEE X G L LT R OBIR T
TR DK EENLAAEMZEAT (NIH) (2B W CRBtAS L V9, ZnLkZnETlo, Beka el
T 600 ZHB X HIBIn TR ERIRAF L7 mha— L AR I S AL, IR A 52T 72 B F B0 4,000 AE2E
LD P, O, BR FIRFR SRR OB L C 10 42038 L 7= 1999 4RITiE, TRk EE
A RIEARIE (SCID-X1) BF I3 T2 @y SR BIL ey AL AR Z—Z W8 s 118
BRERIRWEIE) I8 7 T AD T N —FIZID IS, IREZ T 7211 ADEEZEDIBLI NTEWTH
JEDGIERBIENF LK FESNIZEOREIT VY ME TIRRO BRI A ATER RS =4
D COERRAFFE LR L L TURSEHS iz, F7o, YIS IR A E L TRRIE Sz S8 RIERHHE &
228 D —BARMEZ BTN A T, B, AIDS, MBI IO E CaE iR AR L DR
PEIR B A~OBISIER DK BV, VDT AR RELTZBIE AL, BERDO L IEBEHELS
WCWDIEH L, AL R IR A AL A o B T SRR Tl 23 e TR R 8
LHRNEVIERARNS AR FIREERFE 7 aha— v o 60%LL L& HH TS P (Fig.
1-A),

WED L FIRBRRIASNDIC O, A OBIA T A ROEHICIVRIE T -5 TR A
(Z BB LU CHEX DI ENFIREL 72D | AR TR IS LD LA D OIRIEIE O BIE A
HFEN TS, Ll fl % OIEEHIIROZE RIS R T2 R T TSI 2 TIEFE LT 22 0%,
D THREETHYBLIZRZRTERIETIT R, ZL Y Tc> T BRLEMLEBEFO— 2%
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T2 P BDVNTIE R MRS 72T T2 Pk, 070 B R LA D ENY
T 7 —F BRI S TNDN, BUEDEIT T D8 s FIERERRII R 7 aha— 10 %<3, BE
FFOEML L TH H) E M L0 W WO BLRNS | B RN A M A B a0 H & E
LA EENT DL LS TREMBOPEREIES T 7 u—F 2_ A TND 9720 2 b0 GRS
T R AL —va LU —F LU THUTIRRIEDRWEITT R O B xRl TWDHTE
HHY, LT LE G HHFRFESN IO RRED /O THDDIT TIH WA EaE Xt RELIZEET
TRIEOFZERBIZANT CORMBER S, BERAA MO _EICBND HiEmaiRdc O Rz
T&ETo, T BEFO 72— Tl ~0 BARFE AT ZERL TERWIEDTER
B RZ IR T DRERER THDHEDMED LM ARSIV, ZZHFE ORI D8 s 1R AT
FETRBNTE, BRFEO NI 2 —Z S LT R N ICBLUR A B WIS Z T, Bis 8 AR =R
TR DI BN B —2 27 AOBRJE | & L E LT SR IEL F I AT TnD,

(A)
Gene marking (7.7%)
Other diseases (1.9%) Healthy volunteers (0.3%)
Vascular diseases (8.0%)
Infectious diseases (6.4%)
K7t
Monogenic diseases (12.3%)
Cancer (63.4%)

(B)

Herpes simplex virus (0.8%)

Others (1.7%)
Not communicated (3.9%)

RNA transfer (0.9%)
Adeno-associated virus (2.4%)

Pox virus (6.1%) Retrovirus (34.1%)
Naked/Plasmid DNA (11.0%) |

Lipofection, 12.1%

Adenovirus (26.9%)

Fig. 1. The classification of object diseases (A) and vectors (B) in clinical research of gene therapy.

BAR T IBPRBRIRIEFE DR B IZIT, REFE B R T DORIE L7 o — AR OZFELWERITL D
AhDZE, BInTFHEANARY 2 —DOEF BB R IER P RESEML TWDLZLITEIETH
IR0, BARTIBRITTEIC OB TEICB R FHAIEIL, VAV ADIERA L TOD AR AR
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2R LTI ~DAG T EAZITFITAN AR Z— 1L AL (VR LS ARV — A
REEFI) BLITWHEI (2L 7haRl —ar 00 —r BB 2RI ) 2t fea iz fiaic
BET (FICFFAINDNA) Z2BAEEBIETA N AR Z—IEIT3T NS (Fig. 1-B), Zhb
XY BV AT KT, ENEN—E—EEAL TR 2 BEOLZ AL TOR BT il al
REZ2 [ JTRER I 2 — NIFIERE T K2 ORI Z—DR EEAD LT DRBRIARZ X — | ORI
WP BIVTWD, £z, BB FEANROEDE, BURTIXV IR ANARTZ—LT T )7 AL
ARG =T UL ELTZT AN AR 2 — DD 85 FIRRERRIFRIC B WO ERTHD 7,
ZORTHRIIT T I/UANANTZ— (Ad) 1%, OB FT 285 FIERA~7 2 =0 Tidkd
BEFEARIEND, OQF LT IEn 2z & 7 2 OO B 8 AT
BETH D, QHERMIRE A KB IE T (A 8.1 kb) ZIFATES, @ Hlid~7 & — D5
RS Tl OB F I E Th Vi D EICIVIRFE N FTRE T 5| ©in vivo DREk~D
EHEOBIR T EACHEL TV D, QKB T DS Y R~ A FAUHHE EE 135D TR 2
BT RMEA D SR AIRRMEDSIZEA LR, REDRMAE AL TRY 2 EahiiLlTh
TSN 285 TR R ZE Y aha—L d 26.9% CHOWLR TS P (Fig. 1-B), LH
L7 i3h | B FE AN S BEAR OTBIRIE TR TP R DOIENAT ) — <0/ U —~ Lo s 1
TBIROEEZG R LD —HOREFICB W T Bl FEARITEND Ad WV TSx+5572
B FEANIREETHLIENAOINTIY, 2RI 26 2B IR FIER AN T 57201
TR 2= 2T LOBAFE /L NS B AT 1) BN FI TN 2073,
FITARIFF T, T AT/ —~<Hlus Ad SEMERIS 75 AT TR A R 3 IR R 2 R
L, AL RIS SO TR LM AR Ad OAT ) —~< MRS 585 -8 AR 3T
liL7z, WIZ, =T AB16BL6 A7/ —~ET MIBWT, #ERM Ad BLOKER Ad & izdA

A BAG T IR DB A LR FT LT, S, RIgEET VI BIER OB T2
AT B AR A FEEL LT Ad Z AN - AT ) —~ B I5E T aha— L O EE bIC
B DR AET1T-oT2,

ZIHDOIZRRRIT . AR Ad 2T 5L TAT ) —~ a6 R LT B s T IREDO A Rk
BN RIADDZEZ R THDTHY, 5% OB TEIROFE R - FZ I CTH M 72 B 1 3
P DEDEE X AL E L TEEDTZIRE T D,



ZN

p=(\[}

H—E AJRGD DREFELAT ) —<H IR T 58 Ic F RN

1953 FI/NRORYEMLT 7/ A NI EE i h b ST 7 /0 A VA, BRI
INEHNCEMERGER . AR, R R EZEZT VAN ATHD, Eo, EMTR L TS EME
BRFIZ/2NZER0, KET 30 L EL O, 100 B ADOE LI LY 7T LTRG-S, EE
IRRWER & R SIe o Te LW R A RO % N T 7 /T A VAL A D F ETD sub—group (257
T, D7 51 O MG (serotype) 2AEIHIVTND, BITE, BAE FIHFRICHO BT
BT T IIANARTH— (Ad) X, sub-group CIZJBT 55 (DL 2 ) BT T /UA VA%
LU TBY, 7T I IANADEG G E O FEFRNH LIz 2= AT L Th D,

(A) (B8)
_ Interaction of
( Tail 6 ( Shaf;gg) ( Kggb 1) RGD motif located
aa 1-46) (aa 47— aa 400-581 in penton base with Sindi ;
- . Binding of fiber knob
A a,-integrins f l to CARg

a,p-integrin_~ CAR

a, Be-integrin (Coxsackievirus-
adenovirus receptor)
[=0

Dissociated fiber

Penton base Fiber

Dissociated penton base
Acid-dependent penetration

80 nm Binding to

nuclear pore complex

Imported
recombinant
viral DNA

Fig. 2. Structure (A) and schematic gene transduction pathway (B) of Ad.

B 80 nm D Ad Ri 1%, 252 DA 7V AT b7 51E 20 HiiEHEEZ L THY, ZDHHIE A
(22 12 T ZE A G2 REoTo U R EIFEI, oD 240 EIEA~F YU EREEND 7, N,
NRUNR=RET 7 A N=NB7R0 | T A/N—FEBIZ, TV, ¥ 7 b, 7 3Tbn5 (Fig.
2-A), Ad OFERFIIAAN ~DIR AL, 77A73— /7% Coxsackievirus—adenovirus receptor (CAR)

IZHREAL 92 BT R _—AD RGD (Arg-Gly-Asp) ®F —7 Bl Em Do p,-HD0
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ITo Bs-integrin IZHEA T2 W0 L) TEMEORMEEZ R T, TR A - RAICIDIER IS, =R
V=ML Ad BT, BRYESRE N AU REHEOMIEZLAZ I, aBs-integrin EDFH
FAEAICED U RY — 2L TR N ~EBATT 2 97, Z20%% . Ad K13 NE 2B -

THRHC LR ETEIEN ¥ BFEAE S RIS E L. BINERE TOMAAENTS
S LERENAEEET HILICKVBIB FRBLA N TS Y (Fig. 2-B), ZOBFIZHESWT, Ad
3R 03 I SR 5 oD T IR FE7R FEE DAL - AL I Z e b 2 R BB FEAFRETH D
Zeg PN AR IR IR O BT BT IS O S BB W TH A VBTN ARy
S —ThD, £, 1ERD Ad ERUEIZITE R AR 2 25 T I H I EMEC i EE 2R B 23 4%
LT3 9 Mizuguchi & N2 LV B #1972 Improved in vitro ligation method 23BA & SA17=
RO M AL HE 2 72 Ad 1T, 5B OEMBIEZEICIB VTR 2 EELEE DD
LEbND,

A7 —~ CGEMERANE) 1, AL TIETA R 10 7 AITHL 0.4 NEFRIEFROREMIEL; Tho
3, WCKTTIE 10 5 AIZ 12.5 AE@mEBETHD 9, Fiz, VES DA V8 OREE TTHES RIBE B4 T
LI TAT AIANDEANTID | SR DRI 252 DM I 2 7o 281> T, AR I 7
THZOFIERITIME 60 FEORITK 15 FHTHINL TG D9, 257 ) —<DOiEEIEE L ISR
FIENE — IR THLN, ZOWIRERBIRWEE S L, ZAHITH U TR FFRIE O U #RR 15
WRABIVTE T, Ll AT/ —<1d, @B THY | 15 #% 5 L. RN 32 B3 DK 20%
THEDBRDSNDMD THICAED B ETHHIENE 9 MR SEIR TIRED
FAFIZHFEDILOIFHIRE N, Lol BFT 8 In FIER A7 Z —DOH Tireb s 8 A%
RIENT. Ad ZHNWTE R AT/ —~ il T8 s - EARRNE M Ch L e mbn Tk
0 2030 Sy e AR TR B A DI B O Z— R T Off A Rl E D,

FITCARETIE, FT A7/ —~vHlilaickid 5 Ad LE7%— (CAR BL o, -integrins) @ mRNA
FEBIL L% RT-PCR (Reverse transcription—polymerase chain reaction) T IZLVFEAEL, A7/
—~ RO Ad M TEMEE R T AT DB O R IRARIA 23R 7o, SHIC, ZOMGHRE R I
DE, T7AN—HEIHIZ RGD <7 F RS ZAT A T2 Z LI KRR IR L O A (o, ~integrin 5
P2 5 L7 RGD 77 A /3—32—4 >k Ad (AdRGD) ZAERLL, A/ —< i L7zBE o
GEMRO NSRS FEAZNRAER Ad LEBRE LT,



B AT ) —<HIICIBITA Ad LB E—DRBURITICE SV AARGD DRESE

HH

AEITIX, FTAT/—~ BT 5 CAR 3L Wa,-integrins O mRNA FHL L% RT-PCR
FRATICEDFHIL . A7/ — <D Ad SITEMEBAR BT T 2B GTED IR ZHRR LT, iz,
RT-PCR AT O AT TSN, a,-integrin (ZHFIMEAFRFOZEN BN TS RGD X7 FRid
B 5T 7 AN — R A LTz AdRGD ZAERILT=,

EERI B
[FXE]

Minimum essential medium (MEM). Dulbecco’s modified Eagle’s medium (DMEM), RPMI1640.
Gentamicin sulfate solution, Kanamycin sulfate, Ampicillin sodium salt., Sepasol-RNA I Super 3L}
RNase—free DNase I |% Nacalai tesque &Y, dNTP mix, Random primer (9mer), oligo(dT),,. ReverTra
Ace, 10x PCR buffer, 10x RT buffer. 7ag DNA polymerase T8 Competent high DHb5al%
TOYOBO XV, PCR M#&FET 71 ~—I% SIGMA GENOSYS ¥, 2-mercaptoethanol (2-ME) %
SIGMA XY . Antibiotic—antimycotic solution. MEM non—essential amino acid solution, v JB4F ML.i&
(Fetal bovine serum; FBS) # 4T PCI (Phenol/Chloroform/Isoamylalcohol (25:24:1)) X Invitrogen
K0, HFEHIEEEZ IS LT T4 DNA ligase I% New England Biolabs J¥. SuperFect Transfection
Reagent I% QIAGEN XY, Tryptone peptone. Yeast extract 333X Bacto agar % Difco Laboratories
XV, pEGFP-N1 X pCMVBIZ Clontech KV, T Z AL,

pCATNF2™| pCALZ®72HTNT Ad HERICLE RN 2 =T FAIRBL O v LT TAIN
OrRTINT K AR 2 Se A (ST BE 5 A R b Al AR JE T AR 1M I EE ) KDL mIL-12
BIA/pBluescript 11 KSC)™1E Lot 54 (KRIRK S R FFe A A A #5257 BF) K0 it
Haziie,

ZOMOFRIRZ, 5 FEWFEFEM 7V — R e AR L — R 23T hbIC LD D%
E LT, W ARFFECAE L7z FBS (342C, 56°C, 30 2y MO IEMLL A T o7,

(i)

B16BL6 i, A2058 #Hd, EL4 #lifid, Colon 26 #lfdIs & U HeLa il = EHE5EA ORI

RFRFEEIR PO FER AN T 8F) KOBG-2521072, B16BL6 MO IZIE, MEM (5% FBS,

PUAEWE & Te) V2, A20568 MifdDOE52E1Z1Z. DMEM (10% FBS. HtAMEE&Te) 2w

_7_



72 EL4 MO 528 121%, RPMI1640 (10% FBS, 50 pM 2-ME, JiAME % & 1e) % HV 7=, Colon
26 AMRLOEEFRIZIL, RPMI1640 (10% FBS, HUEWE A & 1e) % HV iz, HelLa FIOE:#EITIE,
MEM (10% FBS, HiAEWEZETe) MW,

7T JUANAEL #1510 Transfectant Téhd HEK293 AR "7, Kk 0z SeE (ENLESE
ih B SR AR JE TR AR TR RS KOk 525217 DMEM (10% FBS, $iAEMEZETe) TH:
LT,

AB49 HIRIZ AR B AL IV AL, DMEM (10% FBS, HiEWE 2 & Te) THEL,

Caco—2 AlliElX ATCC Xl AL . DMEM (10% FBS. MEM non-essential amino acid solution, $1
EWEEET) THRELT,

[RT-PCR f##7]

Sepasol-RNA I Super Zff L C, &ML M0 5 Total RNA ZFHHL 72, 10 pg @ Total RNA
|22 U ® RNase—free DNase [ 1%, 42 100 pl T37°C, 30 I3 A > FaX—ar L, D% PCI
R L O 2 ) — LB A ATV, 10 pl @ RNase-free KICEARLT-, F D%, 70°C T 10 4y

PEXHE72 10 ug @ Total RNA %, 5 mM MgCl,, 1 mM dNTP mix, 1 pM Random primer (9mer), 1 uM

Table 1. Primer sequences and reaction parameter used for PCR amplification on Ad-receptors.

Species Gene Primer sequence (5' to 3") Denaturation Annealing Extension Cycle Product

No. size (bp)
AR F TGATCATTTTGTATTCTGGA for#ss  fore0s  for%0s e oo
R TTAACAAGAACGGTCAGCAG at94°C  at50°C  at72°C
~ F CCAGCCTGGGATTGTAGAAG fora5s  for60s  for90s
oA o CTCCAGTGGGTCATCTTTG at94°C atsc  at7ec 40 128
Mouse integrin ——LCTOCCTCTGAGTCCTGTGT ford5s  fore0s  for0s o
R GCCTCACTGACTGGGAACTC at94°C  at55C  at72°C
~_ F TCGTGTGAAGAATGCCTGTT ford5s  for60s  for90s
B integrin o CTGGACTCTCAATCTCACC atosC  at53c  atrec 0 146
bactn £ _[CTGATGGTGGGAATGGGTCAG fordss  fordss fori2os o o
R TTTGATGTCACGCACGATTTCC at94°C  at60°C  at72°C
AR F_AGCCTTCAGGTGCGAGATGTTACG _  for30s  for60s for120s oo oo
R TACGACAGCAAAAGATGATAAGAC  at94°C  at52°C  at72°C
o integrin - GAGCAGCAAGGACTTTGGG foreds  for60s for60s oo o
v R GGGTACACTTCAAGACCAGC at94°C  at60°C  at72°C
Humen pintegrin £ CACGATGACTGTGTCGTCAG forsos  for60s fori20s . o
R CTGGCGCGTTCTTCCTCAAA at94°C  at58°C  at72°C
~ F CAGGATGGGGAGAACCAGAGC for60s  for90s  for90s
Bs-integrin o o o 30 531
R CTGGTCATCTTTCACGATGGT at94°C  at55C  at72°C
sactn F_CCTICCTGGGCATGGAGTCCTG fore0s  for90s  for%s o o
R GGAGCAATGATCTTGATCTTC at94°C  at55C  at72°C




oligo(dT),, 335 T8 200 U ReverTra Ace Z&Ee 100 pl @ RT buffer IZ¥RANL ., 42°C T 60 43R0 RT
SOMZED cDNA %4572,

PCR %, 5 pl RT E#), 1.5 mM MgCl,, 0.2 mM dNTP mix, 0.5 uyM 7 FA4~—F v KO 1.25 U
Tag DNA polymerase % & ¢ 50 ul @ PCR buffer Z FiV T, Table 1 (23950 CTf 172,

[~ —1E5]

ERNT T AV AIEH 36 kb OFLIR A DNA &7 ) AL TR D | OB G TIZ8HEE 10
E1-E2-E3-E4 &, #8510 L1-1.2-1.3-L4-L5 IZKBIEID, PR T 1XEIZT7 A /LA DNA
DR IR FIZEICH TR REDHEEE A EO BRI ST 2, BIRFIBRERO~NIZ
—LLTHWSLN TS AR, 70 2L EICH M SUANAERE O AHET 5B Tdd
E1fElk (B1 fElkIE EIA & EIB 23T BAL, BIAICKVETOT T/ UANAT 0 —H— N EHE(L
Ehd) EAKEIRTICESZ . Bl EAEEZN U RAIHAETEDH HEK293 fifi M7l d~ L
N— i A W THIRSE S, LIc3-> T, Bl i RIR L7 Ad 1, B L EL B R T EYZ B
L CUWRUNEE OAMAL CIXHIE T3 B RREY AV RS0 D, FT, B3 BHIBITT A /L APESRIZI
WZH TN KRBT DAY AXD LA %2 BRI NDIEN L, TT /U ALV AT
BTG ) DA A XD 105%E TDY ) Lo ATV RN r =V 75283 TEDIZH E1BX
OV E3 fEIA KT 5281280, ki 8.1 kb ETOAEAR T2 AN TEH /L — DRI N
TG 60

AAFFENT W FEHEFEME AARGD 38 L OMERA Ad 13, E1 B8L O E3 sl Z KIESE72 5 e
T T IUA A FEAEIZ Mizuguchi B P OBRHFE LT= Improved in vitro ligation method {Zfi> CHf
BTz, REE, T IAINEE S CT—KINIATO4 TS in vitro ligation method % V57215 T
T T ITANRT ) WSO KB T H B By FOM IR AT A FTREL L, TEROAE RIFEHLZ A5 H]
L7z Ad PERUFIEE R L C L A8 CHRE(EIC D@ WO SR CHIL Ad 25 CE DI 71k T
o5, Fig. 3 IRV AT LOMEZRLIZ,

R H—TFAINE, Bl BLOES IR A FRE LI 5B NT T /U ANAD LT ) 2EFLTEY,
7 WS I SREESE Pac 1 EALSEAET D, T, 7B T VUMM EER T (Amp) 2L TH
DBl KIEFEEITIT, S RBIE T OMAABER G T DT, = — I 7R i R EE R BT
ThD I-Ceu 1, Swa l, Pl-Sce | GBI ASILTND, E7z, 7 7A73— /7 O HI loop FHI~
O RGD ELFNZHHY 54V XL AF ROFE AL, Mizuguchi & ™™ O BA% L7- Two-step method
(ZHEHLL THT o7, ZOBARFHZEIT DWW TH, HI loop fEEIC 2 =—272 ZODHIIREESRE (Cspdb
I, Cla 1) FFEBEFNDPFRASNTNDHZEIZIY ATLEOG KAV X7 A F R A {EI2h = B3

_9_



ANTDZENHARETH D, VY MV T TAIRNIL, VA MAT BT AN AT aET—%— (CMV) filtElDFE
Bty rOF Iz L Fro—= T A (MCS) #BLTEBY. I H~A o iittEEE T (Kan)
S QD 2 BB Y OIS - Ceu 1 & Pl-Sce | DFRFRECH|DMEAINTWD,

Vector plasmid (pAdHM15-RGD or pAdHM4) Shuttle plasmid (pbHMCMV5 or pHMCMV6)

Swal I- Ceu |
Fiber-coding region P(A)
I-Ceu | Pl-Sce | (RGD-mutant or WT)

ITR\ / | mr Kanr

P74
AE1/E3 adenovirus genome P(A)

Ampr Ori pI-Scel

1 I-Ceu I/PI-Sce | digestion —

l Insertion into MCS CcDNA
I-Ceu | PI Sce |

I-Ceu |
77T l—|

ngatlon and Swa | digestion

-5 Pl-Sce |

1 I-Ceu I/PI-Sce | digestion

Pac | Pac | —_—
>

|AI A IL| I-Ceu | — p PI-Sce |
Expression cassette
1 Pac | digestion
Transfection into
HEK293 cells
. 77 | >

) E——
S ——— Recombinant Ad or AARGD
Fig. 3. Protocol of AARGD and conventional Ad preparation by an improved in vitro

ligation method. ITR, inverted terminal repeat; CMV, cytomegalovirus promoter; MCS,
multi-cloning site; P(A), bovine growth hormone polyadenylation signal.

HEOFNEIX, T HAD cDNA 22 v ML T TAIRD MCS IZFEAL, ZOTTAINER Y 22—
T FZAIRD -Ceul/Pl-Sce | WEILFEM T A —a§THZET, RIZ—TFAIRD E1 KK
IR TR BN LT, TA7 =Y al EWE Swa 1 VBT 2L TR X—T T
SROHBIZMIEL, 512 Swa | LEELFEY) ThT2 A7 4—A—3 a2 L7= Competent high DH5a% 3
AT OE AR AL TRIRTHZET, BRET O 77— T TAIN T2, ZOFBZ A~
IR —TFAIREHIREESRE Pac | THIV T ZEIC XD E SR A8 DNA &L . SuperFect



Transfection Reagent % f\ T HEK293 il ~hT7 A7 = a Uiz, BE1 BUIKIET 7 /7 AL A
T NE B OEEMRN TIIETERBIOERE LT, 77/ UAN AR 2 BT D81
72\ HEK293 ML 7 7 /D AV A EL BB 1A A LTz~ — il Ch D72 ™07 E1 & A
BaIT AT HZEIZED Bl REBT T I UANRY ) AOERB IO G 2L, ~7 57—
BT DITERLESID,

TERLL 706K Ad 38 1TV AdRGD 13 HEK293 i -V THEE L | (ko W ) fid s O
EICXORERIU-, $7-. Ad B 3B E I Maizel S ™ O FIEICHEST-,

~T7AB16BL6 A7 /—<Hilnis LUk A2058 A7 /—<HlfalZ 3815 Ad L7 % —0 mRNA %

B ~L% | RT-PCR AT IC LB LT (Fig. 4),

B16BL6 A3\ Tl EL4 HE3 L T8 Colon 26 ML bl LT, #E3RM Ad DIRAIDEER 4y
T THD CAR @ mRNA FEIHUTHSIEKL V&R LTZ, — 7. o, By~ B L UPs-integrin @
mRNA [Z-2UTIE B16BL6 MEIZ W Th Hr 23 Bl R S, £ OMIRIIZA~T s A~ —
Thbo,pyBE Vo, Bs-integrin DIFTENRIESITZ, [FFRIZ, A2058 HIAIZIV T CAR mRNA
DOFEELIIM D 4 FEOE AR L bl U CThid TR, — 5 Ca,By- 3 L Va, Bs—integrin |5 E
WZHBLL CWDT LRSI,

Mouse Human
T I |
© N> > [s2]
2,582 'i88qq1
nod2s =222E22S8
car [N EEEEEEEE Fig 4 RT-PCR analysis of CAR, a,-
- integrin, PBs-integrin, and Pg-integrin in
o -integrin B m murine and human cell lines. Total RNA
. was prepared from three murine cell lines
By-integrin - “ and five human cell lines, and then RT-
PCR was performed as described in Table
B.-integrin - m 1. To ensure the quality of the procedure,
RT-PCR was performed on the same
B-actin u m samples using specific primers for 3-actin.

AR, AT/ —<H D Ad SAEMEB IS F-EAIR§ DHEGIMEIE CAR DIRFETITHES<
HDOTHY, Ad DIYIOEERIFRFMEIZ o, -integrin Zf 53521280 AT/ —~flila~DEE T
BARNRPRIBIZLHESND THAIZEDIRIEBES I,



ZZ T, a, integrin ([ZHFIMEEZFFDOZEDFBILTND RGD X7 FRELSNE T 7 A /N — G
AL7= AdRGD ZHEZE L T=, ABFFETIL, BRI K Tumor necrosis factor o (TNF-a) #&fx -, <A
H1 & Interleukin 12 (IL-12) &{xf-. V2775 Hk Enhanced green fluorescent protein (EGFP)
AR T KA H K B-galactosidase (LacZ) 157, A% /L HI K Luciferase (Luc) #1570 5 FE¥H

DIBIG R B N E N E L7016 Ad 725N AIRGD #1/ERIL7- (Fig. 5),

Conventional Ad

Ad-TNFa — cmv | TNF-o. [P(A }F—
Ad-IL12 —— CMV_|IL-12 p35]|IRES]IL-12 p40]| P(A) —
Ad-EGFP — CcMV_| EGFP | P(A) —
Ad-LacZ —_CcMV_| LacZ [PA) —
Ad-Luc — PA) | Luc [ cmv }—
Feuly e .
TR - Dt - R
E1(-) E3(-)
(342-3523) (28133-30818)
AdRGD
AdRGD-TNFo. +—_cmv_| TNF-a. [Pa) —
AdRGD-IL12 —— CMV_|IL-12 p35|IRES|IL-12 p40] P(A) —
AdRGD-EGFP +——_cmv_| EGEP [PA) —
AdRGD-Lacz +—_cmv_] LacZ [P F—
AdRGD-Luc —P®A) | Luc [ cmv }—
ety e
L e H| |00p_coding region
MR R e | SO Il R
E1(-) E3()0
(342-3528) (28133-30818) . )
Cspas | " oligonucleotides corresponding “"u.:CIa I (killed)

to RGD peptide

CG AAG TGT GAC TGC CGC GGA GAC TGT TTC TG
TTC ACA CTG ACG GCGCCT CTGACAAAGACGC

K ¢ b CR GDTZ CTEFZC

Fig. 5. Schematic representation of conventional Ad and AdRGD used in this study.



85 _Hi AdRGD (24227 /) —<flla~DBIFEAZRLB L FEAET

B

AHITIX, AARGD HDVNIRERT Ad 2 VWV BE T EANRAT ) —~ RO AEFRICKIET
SR LSRR AT LT, F72. AARGD-EGFP 38X Ad-EGFP D A7 /) — <l x4 285 78 A
RO FEBLIRE Al 4 D7 2 — B THIR LT, SHIZ, Hlo,-integrin HLAEEZ RS
ARREEBRORERICISE | AJRGD OER -8 AEFICONTELRL,

EX TR,
(35)

3-(4,5-dimethylthiazol-2-yl)-2,5—-diphenyltetrazolium bromide (MTT) I% Dojindo £V, w7 I
TIT 1% SIGMA LY, Cy3 reactive dye 1% Amersham Pharmacia Biotech XY . Anti-mouse
o.,~integrin monoclonal antibody (H9.2B8; Armenian Hamster IgG3, A) #J O Hamster 1gG3 isotype
control (A19-4) % Pharmingen &V, ZZ1UEA LT,

Z OO FAIKIL AT O FERAEHIHEC T,
[(Hr&imia]

AITEI O FEBRAEHIHEL T2,

EXL WS
(Ml AR OFE (MTT %))

B16BL6 #lifid DV I A2058 iz, E4LE4L5 x 10° cells/well HDHUMNE 1 x 10" cells/well T
96 JUEEE T L —MIREML, —Bi R Lo, LiGARELIZE, FBS-free ® DMEM THELIZ
Ad-Luc %5V F AdRGD-Luc %, 4 @ Vector particles (VP)/cell/50 ul THMLIZ, 37°C T 2
RFfEIA 2 —Ta Lictk , X7 Z—RREBIR A BREL, Fric/255288 1k % 100 pl/well THRINLTZ,
B8 2 A%, DA/ — <MD A 1FR % Mosmann™ O 7 1E&2 B T2 Uiz MTT EIC X0 HIE
L7z,

PBS (Phosphate—buffered saline) T 5 mg/ml IZFHHEL 72 MTT ¥4 10 pl/well THRANL, 37°C
T4 KA F2X—Ta Lzt 20% Sodium dodecyl sulfate/0.01N HCI % 100 ul/well CHANL .
—BEREATICERE D2 & THIBENIZ AR SN2 Formazan i fhZ 58 2ISIEMRLT-, ZORIROW S

JE (T 570 nm, BlKE: 655 nm) #~A/n7L—RN)—&— (&5 /L 550; BIO-RAD) (ZCHl|



EL, LT ORUAESTAZ ) — <D Viability (0)ZF H LT,
Viability (%) = (MTT activity of infected cells) / (MTT activity of uninfected cells) x 100
[EGFP & 1n 75 AR - FE B EE O 5t ]

6 N7 L —MIEE#E L7Z BI6BL6 #IfdH DUt A2058 FMLORE#E FiExFRZEL, FBS—free @
DMEM TH#&# L 7= Ad-EGFP $25 % ARGD-EGFP % 100, 1,000 25V % 10,000 VP/cell/500 pl
TEANLTZ, 37°C T2 Rl A v FaX—Tar Uitk "2 —REiRAREL ., Ml PBS T 2 [H
BTz, D%, Fri-/etb &% 1| ml/well THINL, £528 2 A #£I238175 EGFP B85 75 A%)
KB N R B8R E A2 FACSCalibur flow cytometer & CellQuest software (Becton Dickinson) %
V7= Flow cytometry (ZXOAEAT LT,

[#& & P 5 R ]

B16BL6 fllii1 % Staining buffer (0.1% W/ M7 /L7 I BLT00.01% NaN, 2 & e PBS) T1 x 10°
cells/50 pl IZHRE L, 25 ug @ Anti-mouse o, ~integrin monoclonal antibody %7-(% Hamster 1gG3
isotype control Z¥RML7z, 30 23 A Fa_X— a2 Lz, Leopold HDJ5ik V125t~ T Cy3 7
~JUk LT Ad-LacZ £7-1% AdRGD-LacZ % 1 x 10° VP/cell T 200 ul @ Staining buffer |2/ L
TIRINLTZ, SHIT 30 A Fa—a Uiz, Mld% Staining buffer T 3 [EIPEHL ., Flow
cytometry FATIZ XA I ~D Cy3 T~ ~_IZ— D &AL,

i, Ad 13 4°CITR W TR TR E 223, AN A~ORATEILRNZERRESL T
D=8 80 AR T R OB LRI A FWTOK L TIT o7, F-. #OE YR 2 VT,
Cy3 T7UL b LTz Ad-LacZ & AdRGD-LacZ (X7 5 —ki -8 7=V DH JEREE D3 LD LA filgE
L7z,

R BIOES
Ad-Luc 5\ ME AARGD-Luc & W28 {5 -5 A B16BL6 il LN A2058 MifdIZx72

HEMZ MTT {5 CHRETLTZ (Fig. 6),

Ad-Luc BL AdRGD-Luc EH12, 20,000 VP/cell £ )i A BAZ RS GAITB O TH, A
7 ) =< I A~DEEM T EBREN ) 5T, LTz > T Ad D7 7A73—HI loop fEIg~D
RGD <7 FR#EAIL, BB G ARRRD NS T8 AR I IT DEERHIAL D A A7 512 52
B RIESIPNZEMNHADIEIp 5T, 22T, LIFBED AARGD BLOGERM Ad 2= in vitro & 1x
TEAFERIL, MG EMEORD SR -o72 20,000 VP/cell LT DEY_TH— B TITHDN
Y THDLHEHW LT,



Viability (%)

(A): B16BL6 cells

(B): A2058 cells

120 120
100 | __ 100}
P
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>
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Fig. 6. Cytopathic effect of AARGD and conventional Ad on gene transduction into melanoma
cells. B16BL6 cells (A) or A2058 cells (B) were infected with Ad-Luc (open column) or AJRGD-
Luc (closed column) at indicated VP/cell for 2 h. Two days later, cell viability was evaluated by
MTT assay. All data are represented as means + SD of 5 independent cultures.

Ad-EGFP X' AdRGD-EGFP DA77 ) —~< %3 58 a8 AR B IO B R E 4

Flow cytometry CTHEATLIZEZ A, W74 —E412 EGFP ERIIRER (% of M1-gated) 72HONZ

EGFP 3¢ E58E (MFI; mean fluorescence intensity) Z YL ~7 X —EARTERIIZEEINEB7=23, [A]

HE T T 5% 0 T AARGD-EGFP # HEE CTEfEiz <~ L7= (Fig. 7, Table 2),

B16BL6

A2058

Ad-EGFP
©
re]
N
M1
l l
I 1
o . - J
100 10t 102 108 104
©
re]
N
M1

100

10t

102 108 104

256

256

AdRGD-EGFP
, M1
L []
I 1
10t 102 10° 104
M1
L
I
100 102 108 104

Relative fluorescence intensity

Cell number

Fig. 7. The transduction efficiency and the expression efficacy of EGFP genes on
melanoma cells by ADRGD or conventional Ad. B16BL6 cells or A2058 cells were
infected with Ad-EGFP or ADRGD-EGFP at 100 (green lines), 1,000 (blue lines), or
10,000 (red lines) VP/cell for 2 h. Two days later, EGFP expression in cells was
evaluated by flow cytometry. Black lines represent untransfected cells.



Table 2. Summary of flow cytometric analysis of melanoma cells
infected with Ad-EGFP or ADRGD-EGFP.

Vector (VP/cell) %6 of M1-gated MA
B16BL6 A2058 B16BL6 A2058
— 0.04 0.04 2555 19.52
100 0.32 3.87 16.73 67.20
Ad-EGFP 1,000 0.85 28.19 49.68 86.44
10,000 6.51 72.95 60.90 234.96
100 1.28 12.54 45.85 81.97
AdRGD-EGFP 1,000 10.97 70.49 62.77 499.57
10,000 65.00 98.78 189.64 3401.91

B16BL6 AHIEIZH5V Vi, Ad-EGFP % 10,000 VP/cell CREGSH 745450 EGFP Bt Atla 1T,
DI 6.51%FTE R o7=DITx LT, A RO AJRGD-EGFP ZHW=HA12iE, 9 10 %0
65%H DAMMLIZ EGFP M5 48 AT 5T LR TETZ, A2058 MfiZxfL Tl 10,000 VP/cell Tk
QeSET72 %A A-EGFP Jii I IZ IR W T BRI @ O BIn FE AR =R (K 70%) 2330 b
73, AdRGD-EGFP il FH#ETlE 1/10 F&IZH 725 1,000 VP/cell D&Y TR DB AR 78 AN =R
Z Rl 10,000 VP/cell DEGLTIXIFIE R TOMIITEIm T BEANFEETH -7, £7-, B16BL6
AL Fs LY A2058 it 12, AJRGD-EGFP i HIFEIC IV Tik, £d 10 5 & Ad-EGFP %
W55 IZIEHCT 2038 DU NEZE VL, D EGFP F8BUREE MG H AT,

RIT, TR Ad & AdJRGD D AT/ —~< iR i ~DRE G T4 Ll 3272012, Cy3 711k
L7- Ad-LacZ 3L AdRGD-LacZ & AW THEA EBra1T-7- (Fig. 8),

3 10 Fig. 8. Relative Ad-binding to B16BLS6 cells. B16BL6
3 cells were incubated with anti-mouse o, -integrin
5 8T monoclonal antibody or hamster IgG isotype control for
S 30 min on ice. Then, the cells were resuspended in
c °r staining buffer containing Cy3-labeled Ad-LacZ (open
® column) or AdRGD-LacZ (closed column). After
S ar incubation for 30 min on ice, cells were washed and
3 analyzed using a flow cytometer. The relative value of
o 2r I ‘ Ad-binding against B16BL6 cells was determined using
o . . .

S the following formula: fluorescence intensity/cell =
w o ' (MFI of tested sample) — (MFI of B16BL6 cells’ self).

Isotype control  Anti-a,-integrin  Data are presented as means + SD of 4 experiments.

b — VHURDIEE FIZB W T, AdRGD-LacZ 13 Ad-LacZ LHELT 5 5Ll EEW
B16BL6 a2 i ~DfE A ez R LIz, — . Plo,-integrin FLiAZILHFSHHZET, AdRGD-LacZ
> B16BL6 HEfEZR I ~D#E &1L Ad-LacZ LRIFREIZE T F L2206, ADRGD 73a,~integrin
fRmtEE A T A EN KIS,



L EofE B2 AARGD 1Zo,—integrin 24 L T CARRFHD AT ) —~ Ml AT 52 l1ck
D, G Ad LS L THRD TRIR B AT ) —~< Hllf~D G B A « A ER TEHT X —
THHZEDHALT-,

B /NG

d (FBAFT B HIRFEHARI 2 — O CiRbBIR FEAZNRITENTARIZ—LITEY
B AR IR IREE IR FE IS B W TEL b A VAR Z—([CRNTEL SN TS 7, F2,
B SO 2 — BN G THHZEND, in vivo EHEHE GHEEFC ANIZHE 2 DFEBIZHT5
IS TIERA~OHA BRI TG 9, LpLaandh, B TR O BB 5t G SNDAT ) —
<%, Ad ZHVW TS BB HEADOREESE CTHLZENMOTEY % Fhal@iis 115E%
MENL T HT2DITIT BT RIANEONDIHRANIH— 2T LAOBREB AR K THD, Ad
(X DB R T E AT BRIISNTERY 750 Z OB R -8 AR MEAH DR
GeZ 5K (CAR) FBIL -~ R EEEINDZEIIE S I TR TED, 22T, A7/ —~flifalc
BiF5 CAR BL o, -integrins ™ mRNA FEEHL /L% RT-PCR AT IC LV EHIiL 722 A, AT/ —
<l Tld CAR mRNA O ELRMRD TZ LL, aBy-F L Wa,Bs-integrin (2D NTiE 14772 mRNA
FEEL UL PHERS T, ABFZETIE~T A CAR HDUEERN CAR (x4 D8 SPUAZ V-
FHIAT>TWRWE DD CAR mRNA FEHL~LEfifazii o> CAR & A JEH &I Taw
FHBIBAfRZ R T 2B SN TG 808 LIz C AT/ —~HllD Ad ST FEMEB R -5 AL
T HEBUMEIL, Ad EOFBAIOFEGITM TR CAR DR BIAZ DML _EIHid TZ LW &I
ERLTEY, Ad OIERFRAMEIZo,integrin 2T 53 52N TEIUL AT/ — vl ~DE
FEANRA RIEITIE R TED ATREME DV RIZ S LT,

UT4F, bispecific HURLSEDT 74— 43 - 5L H FH =y ZUR Y — KO LT 52812 EY
Ad @ tropism ZILKDHDHVNIHZEL LD EWVIRLD2EINTWDH, ZNHDT 7 a—F I HER/M 57
T-L Ad EDFEE D in vivo TIIANL TEIRT-OIBIn TR COME MR HIRS D, —T7. FED Sy
FATHAMEZ BT T F RSN E T 7 A/ N—FEI AT 528 T Ad O tropism LI HTE
DRESIL 29V Curiel Hi%, 77A/3— /7 O Hl loop 37 T /A VAR - D BIMANC 24 & H
TG L TRY, ZOFMLA~DIRKATFRF ALY AV A BB LRNW 8D, Ad D
tropism Z 42845720 DA AT FREHINLEL T Hi loop 23l CHHIEAR LT 29 F7z,
TERD Ad HEELIETIE B AR T O ERC T 7 A/ — IR OB AR - ITHARIH I 2 2 L C



W27z D SR SIE R ARLS  ERUCIEME RV E A LB L T 52808 Ad DR AED—DLSITETN,
BT Mizuguchi 51280 Ad ~D B BEIR T OF IR A IR E 77 A 73— (HI loop) BRI~
EEOTFRESNAIY THE AV XL AFROFFEAD, 7 TAINEES T—IITD
ATV in vitro ligation method & W72 TREEIZ H DR HIM TITO &M TEL“ T 7 A3 —3

2—HUh Ad VAT LRBR S O 2 SO R AT RIS, 22T, AV A
T LHAT )=~ I~ OB FEANIEHT 22T, fSEMER IO HMEICENT AT ) —~iE
BTFIRIFE 72— DOBFIZER DO TII RN VI BRI E T2,

RGD 7 FREFIIE, o, -integrin 2358k T D/ NEHEHAL THLZENIBILTND B0, 22
T A7/ — <l B E IR BT Da,-integrin ~DIFMMEE 5T HHIT, 77A43— /7D
HI loop (& RGD <7 FR&AfiAL7Z AdRGD Z1ERL 7=, LR —&—Bin & Vo8 s 78 A5
BROGE T AARGD [ THIRAE FEMHEZ DR N2 — & T, ER-A Ad L EEZL THRD TR B <
A7 ) —~<Hifa~B B E T 2B AT HIENARE Th o7, F72. Hla,-integrin Hiik% HW G &
PHESEERIZLY, ADRGD 234 4]0 H ) E BV o, —integrin FRFAPEZAL TWDHIELHBIL, AIRGD
L&D AT =<l ~DIEE T8 AN O N BLIRE DM A3, o,-integrin 2/ L7z~ ¥
— R DNRERO BODFIAE E~DRE G L EIUTHIKEL DRI Z— i ORI ~DIRE A L)
B I o2 e p R s (Fig. 9),

Conventional Ad AdRGD

CAR : s E
(low expressmn ;" a, Bs-integrin
or def|C|ency) . , a, Bs-integrin

3 l

Eff|C|ent gene- transductlori

and expression

Melanoma cell
Fig. 9. Schematic infection pathway of ADRGD to melanoma cells.
REDHEREFET DL, a-integrin FFAVEZ AT G- L7Z AARGD 13, 7€ Ad TiE+470E s
TEANNEELSN TE2 CAR EIEEAT ) — <R L ThARD TRRDO RNBEI FE A%
EERLL REYRAT ) — < BB FIRRIEDORBE I W TR WA ER TSN oI — 2T
LTHLHZEN RSN,



B_E AT )—IIKT BV AIIA L BB TFIERIZEBITS AARGD OF FAMFHM

YA AATSPE Y AN, BRAE A, 8 P RGeSk 2 Ze il EAE - 73 bS5
PRI I, RIEPE, RMEIE 72 & | TH 8 MR OHERFC A RBA N B0 5 2 < D A iy Bl 5 %1l
L TODZETAFDEBYTH D, LT2H3> T, ERERERIEICE 54250 F Db DaRiEiL
BTS2 AN A FREITIEF T B RIR L THY | BARF LN ICE > TH AN A
YOREBEFENFAREERSTZZEIT ST, ZLOEBIZH U CTHRRIS AR R GIL TS, Lo,
ZF ORISR HT=>TIE, Ml &2 DY AT A NN TDIERE 3 FFET 57505 T Bx
IR AR SOS DN BB A NI AL F o NI — 7 DO RIS T D EWIELEZ2 B Tiebe
W PAMIAL DEITHERAE THY, FrRMRZ RIS THILICIVZ ORREE AT 5,
ZOEYTEEDORHEL T, — DDV ANIAL BEFREOE M@, BT He kBl
9 Z& (pleiotropy: ZARME) . HIHA ST DMOHILIZ IV TEH, — DDLU DDDH AR
AV ZRFEEBLTERY, BTz ANIA BRICHKREZ R T Z8 (redundancy: BEMME) 2350
BRTWD, 72, YA MIANTIERIGEE I LI ASRIRMEE | RIIRICH 751 5B
Frel 3 ELL, —RAICAERNICB T AL EMETZ LV, T2b5 A AR TH )
IR AT DT DITIL, VAN A BERE D ZARMENDIRIR I LB ESNDIER DO e 5 & HY
FTLRAEESI, EERBIEHORIN TSNS KEHER G4 BT 5720 O RAIRG
R G-I FEDOPRBE AR A K ESND,

FETRIRIC B W THER % 72 A M A L BREEDHE TTHITHRIES L CTRY BRSNS YA A D
REFIZ TNF-ak IL-12 32T HID, TNF-old, ¥ 7 ATBAE L7 G H B sE 4355 35 4
PIEVEE LT, 1975 4212 Old BIZEVHES ™ | HIETIE, JUEZ AR LU AR - Sy
BRI IR B2 AR A L THLZERHALNESITND 1% TNF-aDOHUIEEEMR L, (1) &
BER g A E . (2) PUEG T =77 — sl olkTE b, (3) NS oo R SR HAEE 12
FHoEBZ DN TEY Y | JEE AR REET DA M LU CERR IS A RS-
3, MDY A BT A L LRBRICIR PN ZE B PE AR TZ LU (I 388 25 5145 2 DR 109-107)
7o DI R EBE R 52 R 7S, FEEL e LD R, ek, m BT, 8RR . AR TR
EH, TURM Uk ay /i E O BEEREIWE I B, A RIBIROERA Y T T 191, —
5 IL-12 1%, 4718 40 kD (p40) & 35 kD (p35) DA WZFHFEIMED RN 7 2=y MR —{EHD VA
VT A RFEGICEDAEIEN T2 T80 70 kD (p70) O~FT v 8K THY "NV KR MY ERIZ
%t9°% Interferon—y (IFN-y) FEAEFHER 1L U TR RSN ", 04RO B s 2835



PANIAL L THEBEZED TEY, ZOWTFIXTT2710F%7— (NK) Mfads OGS EME T
ffE (CTL) OABREETEMEOBESR0 QNG R 1Y IFN-yDREARRE 1010~ L —
T #4470 (ThO) 75 Thl FRE~D /M LAEHE 210 (Z XD MM 6% R DIEHELICH5<Z
ERFNBNTND, IL-12H TNF-ak [k, B & GIZIVENEMZ B2 LM E S TERY
1 JRRICBUI D&, #ERE, #EAT U a— VOB ENPNEEZD S, LE2->T, 2hbo
YANIA L&A VIZEIRIRICB O I, YA MIA B s TSR L~ 4 — 2 EEN R 55
ZEITEY | B R PT CRE R A NI A L FEBLA FTREL 52 0D in vivo YA NIA L&
BIRIED R MEORIERRBAIGIL S ) e UEE N RAFHE T D OFERT 71
—F LTI SIS,

Ad 1 XRE IO Z—FREIN RS ThDHZED D, ex vivo BIR TIBIRD #7253 in vivo BIT-
BRI 3 572 — L CHIER T I THD ¥, L LETE TRLIZERY ., Ad DR 7-H
AZDFRITAEAIHIAC BT D CAR L ~/UTHEAFT D720 CAR RFEHDAT ) —<Tx LT
NETITRA DIV TETE in vivo AR TIBRERRAF LTIV TIE D012 Ad 25 T2 BEAF D
DB —V AT INIEDAT )=~ ~DIRVBAR FEAZN RN WIFRFS NI IB R ROFHEA 1 72
HKRDEEETH ST LF > THIWE TRV, TZTARETIE, A7/ — il ~DE R FEAIZ
B1F% AARGD OEAIEDN, TR BI6BLE A7/ —<ET /MHBIT LV AN AL BB TIRIEOH
) BT RS AL DN DOV TRRET LT,

FH—E FACIAVREBRARIE—ZHALIAT ) —< B A M A VAR

HHY

AKEITIE AT )=~ ~DHASIA L BARTEAIZBTSH AIRGD OF AMEZ R I 572012,
FTIERE Ad HDUNE AIRGD ZHWTH AT AL (TNF-ad DT IL-12) BIRF2EALTA
Z =< MR T DA NIA L b EE B U, £, WS ANIANZLDAT ) —~
R~ O BB AEFE AR LT, S50, vV RIZHOA U EFFSH 72 B16BL6 EENIZAY
ANIA BN 2 — 2 5 LT BRO BN AN A A EA LT,

£ e
[st]

Human TNF-o ELISA Kit 33X Mouse [L-12 p70 ELISA Kit i% Biosource International &9,




Aprotinin 3 O Phenylmethylsulfonyl fluoride (PMSF) (% Nacalai tesque £V, ZHE A LT,
Z O OFRIKILATE D TR BHIAEL 72,

[(Hr&imia]
AT EE D FEBRBA BHIHEL 72,

L7
C57BL/6 w7 A (6 MHn, AA) X SLC KVEEALTZ,

EERIG UL
[AZ ) —~ N DD YA NI A 53U BEDORIE]

KE:#8L7= B16BL6 #ladHH\ ML A2058 HilEiZ FBS-free @ DMEM THE#L7= Ad-TNFa,
AdRGD-TNFa, Ad-IL12 &5\ N AIRGD-IL12 ZFf %4 @ VP/cell THRAML, 37°C T 2 KR AF
a_—ar Lz, ZO%, U4 —BREBIREZREL, Mlaz PBS T 2 [¥iE Lotk Bil-/elE®il
ZUINUT=, 2 Bk, B L7253 iR o TNF-adb DT IL-12 % BLISA [ZX0E &L, 10°
ARSI D AN A i EE R ML,

[ BWENTHANTIA L DAZ ) —~< RT3 T A5 E MR ]

o W EoERTE MREGFROFM MTT k)] I2#LC T, Ad-TNFa,

AdRGD-TNFa, Ad-1L12 $2\ MF AARGD-IL12 (ZLV &5 T AL AT ) —~< o 48 K
3 DA SR A A L 7=,
(A7) —~EZIZB T DA N A EARDORIE]

C57BL/6 ~7 ADEHFZ NIZ B16BL6 Mz 2 x 10° cells/50 ul/mouse CTHEFEL | fEIE D E
25 5~T7 mm [ZELIRF AT, PBS 1T L7 Ad-TNFa, AARGD-TNFa, Ad-IL12 &2DU &
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Fig. 10. The transduction efficacy of TNF-a. gene or IL-12 gene in melanoma cells by
AdRGD or conventional Ad. B16BL6 cells (A, C) or A2058 cells (B, D) were infected with
Ad-TNFa (O), ADRGD-TNFa (@), Ad-1L12 (1), or AARGD-IL12 (M) at indicated VP/cell
for 2 hr. Two days later, the level of TNF-a or IL-12 secreted into culture medium was
measured by ELISA. Each point represents the mean + SD of 3 independent cultures.
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(A): TNF-a-expressing vector (B): IL-12-expressing vector
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Fig. 11. Viability of B16BLS6 cells infected by TNF-a- or 1L-12-expressing AARGD or
conventional Ad. B16BL6 cells were infected with Ad-TNFa (A; open column),
AdRGD-TNFa (A; closed column), Ad-1L12 (B; open column), or AARGD-I1L12 (B;
closed column) at indicated VP/cell for 2 h. Two days later, cell viability was evaluated
by MTT assay. All data are represented as means + SD of 5 independent cultures.
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Fig. 12. The transduction efficacy of TNF-a gene (A) or IL-12 gene (B) in B16BL6 tumors by
AdRGD or conventional Ad. Established B16BL6 tumors in C57BL/6 mice were injected with
Ad-TNFa (A; open column), ADRGD-TNFa (A; closed column), Ad-IL12 (B; open column), or
AdRGD-IL12 (B; closed column) at indicated VVP/tumor. Two days later, tumors were removed
and homogenized in PBS containing 10 pg/ml aprotinin and 100 uM PMSF. The homogenates
were centrifuged and the TNF-a or IL-12 level in the supernatants was determined by ELISA.
Data are presented as mean + SD of 3 mice. N.D.: IL-12 level was not detectable.
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Fig. 13. Anti-B16BL6 tumor effect and body weight change upon an intratumoral administration of
Ad-TNFa or AJRGD-TNFa. B16BLS6 cells were intradermally inoculated into C57BL/6 mice at 2 x 105
cells/mouse. Six days later, the tumors were injected with Ad-TNFa (<&; 108, A; 109 or [; 1010
VP/tumor), ADRGD-TNFa (#; 108, A; 109, or l; 101° VP/tumor), AdRGD-LacZ (®; 100 VVP/tumor), or
PBS (O). The tumor volume (A) and body weight (B) were determined three times a week. Each point
represents the mean + SE of 5-6 mice. 1: Sudden death in 2 of 6 mice injected with101° Ad-TNFa (O0).
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Fig. 14. Photographs of B16BL6 tumors on day 2 after an intratumoral administration of Ad-
TNFa or ARGD-TNFa. B16BL6 cells were intradermally inoculated into C57BL/6 mice at 2 x
10° cells/mouse. Six days later, the tumors were injected with PBS (A), AdRGD-LacZ at 1010
VP/ftumor (B), Ad-TNFa (C; at 108 VVP/tumor, D; at 10° VP/tumor), or AJRGD-TNFa (E; at 108
VP/tumor, F; at 10° VP/tumor).



Fig. 15. Hematoxylin and eosin staining of paraffin-embedded B16BL6 tumor sections (original
magnification, x3.85). B16BL6 cells were intradermally inoculated into C57BL/6 mice at 2 x 10°
cells/mouse. Six days later, the tumors were injected with PBS, AJRGD-LacZ at 101 \VP/tumor, Ad-
TNFa at 10° VP/tumor, or ADRGD-TNFa at 10° VVP/tumor. Tumor was removed from these mice on
day 2 or 3 after treatment, placed in neutral 10% formalin/PBS, and embedded in paraffin. Sections
(5 um) were prepared for hematoxylin and eosin staining and histopathological examination. (A) On
day 2 after PBS administration; (B) on day 2 after AARGD-LacZ administration; (C) on day 2 after
Ad-TNFa administration; (D) on day 2 after AARGD-TNFa administration; (E) on day 3 after Ad-
TNFa administration; (F) on day 3 after AORGD-TNFo administration.
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Fig. 16. Anti-B16BL6 tumor effect and body weight change upon an intratumoral administration of
Ad-1L12 or AdRGD-IL12. B16BLS6 cells were intradermally inoculated into C57BL/6 mice at 2 x 10°
cells/mouse. Six days later, the tumors were injected with Ad-1L12 (O; 108, <; 1098, A; 1019, or [J; 1011
VP/tumor), AdRGD-IL12 (@; 108, #; 10° A; 10 or H; 1011 VP/tumor), or PBS (X). The tumor
volume (A) and body weight (B) were determined three times a week. Each point represents the mean +
SE of 4-5 mice.
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Fig. 17. NK activity of splenocytes from mice injected intratumorally with AARGD-IL12 or Ad-IL12.
B16BL6 cells were intradermally inoculated into C57BL/6 mice at 2 x 10° cells/mouse. Six days later, the
tumors were injected with Ad-1L12 at 10° VP/tumor (O), AdRGD-IL12 at 10° VVP/tumor (@), or PBS (O).
At 1 week after treatment, non-adherent splenocytes were prepared from these mice, and directly used in
cytolytic assays against YAC-1 cells, B16BL6 cells, or EL4 cells. Likewise, cytolytic activity of

splenocytes from intact mice (A) was measured. Each point represents the mean + SE from 3 independent
cultures using splenocytes prepared from 3 individual mice.
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Fig. 18. B16BL6-specific CTL response in mice injected intratumorally with ARGD-IL12 or Ad-
IL12. B16BL6 cells were intradermally inoculated into C57BL/6 mice at 2 x 10° cells/mouse. Six days
later, the tumors were injected with Ad-1L12 at 10° VVP/tumor (O), AdRGD-IL12 at 10° VVP/tumor (@),
or PBS (). At 1 week after treatment, non-adherent splenocytes were prepared from these mice, and
then were re-stimulated in vitro for 5 days with IFN-y-stimulated and MMC-inactivated B16BL6 cells. A
cytolytic assay was performed using B16BL6 cells stimulated with or without IFN-y, EL4 cells, and
YAC-1 cells. Likewise, splenocytes from intact mice (A) were re-stimulated with IFN-y-stimulated
B16BLS6 cells, and then their cytolytic activity was measured. Each point represents the mean + SE from
3 independent cultures using splenocytes prepared from 3 individual mice.
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Ad-IL12 #GFEIZB VT, Intact vV AL[RFRAE D BI6BLE MG ENROOIL, SHIZ
AdRGD-IL12 5B TIEIV mWEFETRMEA RS-, Zhb0 Ad-IL12 H5UME AIRGD-ILI2
BHAZfES B16BL6 AlAEETE MO EAIE, IFN-yLERIZE>T MHC (Major histocompatibility
complex) class [ 73 7-DF B AP H7- B16BL6 Al Target Miflut 952 T—E LML /2o
7z, Fiz, EL4A s DU T YAC-1 #iflaz Target MifnE L7256 121X, EORED Effector HifEH X
EAE G EIGEE IRZIRNoT2280 5, Ad-IL12 DV ME AIRGD-IL12 DEENE 5128->T
B16BL6 AR 572 CTL OFFE TR LD W REMEAVRIES VT,



ZZTWRIZ, AARGD-IL12 DOEFEAN G2 L0FFEI 5P B16BL6 JEEFIZH 5TV
Y7 By NERIETA-OIZ, BT CD4 Hiik, HiL CD8 Hifk. $i asialoGM1 HiikZ = in vivo

depletion assay #17>7= (Fig. 19),
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Fig. 19. Determination of immune subsets responsible for B16BL6 tumor regression induced by
intratumoral administration of AdRGD-IL12. B16BL6 cells were intradermally inoculated into
C57BL/6 mice at 2 x 10° cells/mouse. Six days later, the tumors were injected with AARGD-IL12 at 10°
VP/tumor ([J), or PBS (O). Antibodies, GK1.5 (anti-CD4) alone (M), 53-6.72 (anti-CD8) alone (A),
anti-asialoGM1 alone (#), or combination of these 3 antibodies (@), were intraperitoneally injected
according to the indicated schedule. Depletion of T cell subsets and NK cells was monitored by flow
cytometry, which showed >90% specific depletion in splenocytes at day 4 after the first antibody
administration. Each point represents the mean + SE of 6 mice.
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WS TVD TNF-ak LT IL-12 OE B T2 & L 72 AdRGD HHVNIIERA Ad 2 HIW T,
in vivo *7 ) —<& 5 IRIRICBIT DA EE LR DL EbIC, A DAL FBLAR Y 5 —
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AdRGD #5-BEIZ R HHUEE 2RI 107 VP ORERE Ad 85 RETRRO LI FITVLE LT,
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THIE R ORENRESN Y7, Ad ZEER~EH R 5 UBRIE, RO RGO
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ERNIRNIEEREL TS, LIRS T, SHEOF AN AL FEBR AT X —DIEFN 54D
AIER OB FDO—>L LT, FEBR ML P ~LIRH L7207 % — B FT 250 E ROG T D<%
JESUGDYE Z Bz (Fig. 20-A),
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Fig. 20. Speculative mechanism of adverse effects in B16BL6 melanoma-gene therapy using
cytokine-expressing Ad or AARGD. (A): Mechanism on the basis of inflammatory reaction in
highly Ad- or AdRGD-infected organs due to an immune response to Ad or AARGD which
leaked from a tumor into systemic circulation. (B): Mechanism on the basis of inflammatory
response by the cytokine expressed in various tissues due to infection by Ad or AdRGD
disseminated from a tumor. (C): Mechanism on the basis of inflammatory response by the
cytokine produced in a tumor excessively, and leaked into systemic circulation.
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HIZ 150 ul OKRZEMZTH U Z NERE LTz, 10 pl DY T IVEERRIZ 100 ul @ Luciferase Assay
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Fig. 21. RT-PCR analysis of CAR, a,-integrin, B,-integrin, and B-integrin in
murine major organ. Total RNA was prepared from 6 whole organs, and then
RT-PCR was performed. To ensure the quality of the procedure, RT-PCR was
performed on the same samples using specific primers for B-actin.



2T, C57BL/6 =7 AT Ad-Luc A\ ME AARGD-Luc Z 2 kRN 5- L. 2 B IZBITHM4.
fii OVl MR, B Mg ds KONl 1 A s TR B ~ v EHIE L7 (Fig. 22-A),
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Fig. 22. Luciferase activity in mice after the intravenous injection (A) or intratumoral injection (B)
of Ad-Luc or ADRGD-Luc. (A) Ad-Luc and AdJRGD-Luc were intravenously injected into C57BL/6
mice at 108, 109, or 101° VP in a 100-ul PBS. Two days later, the brain, lung, heart, spleen, kidney, and
liver were removed, weighed, and homogenized in PBS containing 10 pg/ml aprotinin and 100 pM
PMSF. (B) C57BL/6 mice were intradermally injected with 2 x 10° B16BL6 cells, and then tumors with
diameters of 5-7 mm were injected with Ad-Luc and AARGD-Luc at 108, 109, or 10%° VP in a 50-pl PBS.
Two days later, the tumor and liver were removed and treated as described above. Luciferase activity in
the homogenates was determined by a luciferase assay system. All data represent the mean + SE of 3 (A)
or 6 (B) experiments. Mean background value of luciferase activity in each organ has been subtracted
from the data. N.D.: luciferase activity was not detectable.
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Fig. 24. Hematoxylin and eosin staining of paraffin-embedded liver sections (original
magnification, x600). Intact C57BL/6 mice were intravenously injected with 101° Ad-Luc (B),
100 AdRGD-Luc (C), or 109 AdRGD-TNFa. (D). Mice with an intradermal B16BL6 tumor (5-7
mm in diameter) were intratumorally injected with 10° Ad-TNFa. (E) or 10°© AJRGD-TNFa.
(F). Liver was removed from these mice on day 2 after Ad-treatment and from intact mice (A),
placed in neutral 10% formalin/PBS, and embedded in paraffin. Sections (5 pm) were prepared
for hematoxylin and eosin staining and histopathological examination.
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Fig. 25. TNF-a level in blood and body weight change upon intratumoral administration of
Ad-TNFa or ADRGD-TNFa, at 101 VP. B16BL6 cells were intradermally inoculated into
C57BL/6 mice at 2 x 10° cells/mouse. The tumors (5-7 mm in diameter) were injected with Ad-
TNFa. or ARGD-TNFa at 10109 VVP. (A) TNF-a concentration in blood collected from the tail vein
was measured using the human TNF-o ELISA kit. (B) Relative body weight was calculated by the
following formula: (relative body weight) = (body weight after Ad-treatment) / (body weight
before Ad-treatment). Each point represents the mean + SE of 6 mice. (C) Body weight reduction
was plotted against the TNF-a levels in blood from all examined mice. The regression line was
calculated by the least-squares method.
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[FREIC, BAHED Ad-ILI2 HD\NE AIRGD-ILI2 Z &SN G- L7z~ T A CRIH 5 1L-12
TR LARE DR A 2L &R L7z (Fig. 26-A,C),
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Fig. 26. IL-12 level in blood (A), IFN-y level in blood (B), and body weight change (C) upon
an intratumoral administration of Ad-1L12 or AARGD-IL12 at 10 or 10! VP. B16BL6
cells were intradermally inoculated into C57BL/6 mice at 2 x 10° cells/mouse. The tumors (5-7
mm in diameter) were injected with Ad-1L12 (A; 1019, or [J; 1011 VP/tumor), AJRGD-IL12 (A;
1010, or M; 10 VP/tumor), or PBS (O). IL-12 (A) and IFN-y (B) concentration in blood
collected from the tail vein was measured using the murine IL-12 ELISA kit and murine IFN-y
ELISA Kit, respectively. (C) Relative body weight was calculated by the following formula:
(relative body weight) = (body weight after Ad-treatment) / (body weight before Ad-treatment).
Each point represents the mean + SE of 5 mice.
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Fig. 27. Anti-B16BL6 tumor effect and body weight change in response to a combination of
AdRGD-TNFa and AdRGD-IL12. B16BL6 cells were intradermally inoculated into C57BL/6
mice at 2 x 105 cells/mouse. Six days later, the tumors were injected with 10° AJRGD-TNFa alone
(O), 10° AARGD-IL12 alone (A), combination of 5 x 108 AARGD-TNFa and 5 x 108 AdRGD-
IL12 (@), combination of 10° AJRGD-TNFa and 10° AJRGD-IL12 (A), or PBS (O). The tumor
volume (A) and body weight (B) were determined three times a week. Each point represents the
mean + SE of 3-6 mice.
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