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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 ) —<HIICEBITA Ad L Z—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
a,-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 /) —<flila~DBInFEAZRLBEFEAET

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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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 BB TFIERIZEBITS AARGD OF FAMFHE

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 B16BL6 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.

AdRGD-TNFaf¢t 5% 2 H BIZHi U772 ES 238\ T, Ad-TNFaft G- fEig L thig L <, 10°
VP/tumor TIE#Y 38 %, 10° VP/tumor TIFAI 5 fFmE\ TNF-afE £33 b (Fig. 12-A), [F]
FRIZ. AdRGD-IL12 % 10° VP/tumor THG-LIZEE; Tl RIMA&ED Ad-IL12 &5 L1256 Lt
LT 7 fEmW A IL-12 EEA RSN (Fig. 12-B), 72, AARGD-TNFadh L\ M
AdRGD-IL12 % 10° VP/tumor TG HZLIZED ZNE UK T 20K Ad & 10
VP/tumor T G- L7556 LRI~V DG N YA M AL FEAD RO BT, AdRGD 236K Ad
FOH 7 Z— R T 10 5056 BRBER FRBIZ R T DLV ZORERIT. in vitro B RITH



75 EGFP i&{s 38 BifiEtT (Fig. 7, Table 2) BIOW A MO AL W ERIE (Fig. 10) Off R LM
D TEWEEAS A TRLTEY . AARGD 28 in vivo IZEB W TH AT ) —< ~D /5 138 AN
R—THHZENHIBALT-,

# — & AJRGD-TNFadb A\ & Ad-TNFadEE N 517 L 541 B16BL6 [EEZ) R

H

A7 ) =13 TNF-aD 2 & F 523 U TR I E 2 7R IS L S TnD s #9 —J5 T,
TNF-oZ fES N # 5 LI5S IE@m W R RN N2 0D, B R AT R DR 72
TNF-ad¢ 8z H¥ELTC in vivo BIn FIRRIIAERT 7o —F ThhH, LI TAHI T, vV A
B16BL6 A7 /—~ET /L& AT, AdRGD-TNFadh B\ ML Ad-TNFad 5 N & 512 L A HUIEE
R LTz, Fio ARITB T DU RIEBLD AN = A LITONTH R LT,

£59

Wi O SBRBTRHO L,
(s3]

Wi T FBRBTRHO L,
)

Wi OO SBBTRHO L,

ES T WaRen

[ in vivo TNF-ou {1678 6k ]

C57BL/6 <~ ADEH A NIZ B16BL6 iz 2 x 10° cells/50 ul/mouse THAFEL | fEH DO EE
3 5~T7 mm (2L 7= 5T, PBS (TR L7~ Ad-TNFadh 5\ Md AIRGD-TNFaZ 10°, 10° H5U
10 VP/50 pl THEIEPICH G- LT-, £7-. AdRGD-LacZ (aav ha—/L~_27%—) % 10" VP/50 pl T
TEEN G- LT REZ2 B NS 50 pl 0 PBS Z 5N G- LIS 8 TERIL 72, #% B BOICIREZRD
ONZIESRAEL , SRR Z LU N IR Janik & " ORUTHE> TR LI,

Tumor volume (mm®) = (major axis: mm) x (minor axis: mm)? x 0.5236

il JEFEEAE R 90 H BB W T O A A 1RO bW MERZ Eala e L,



[B16BL6 [ B kg 8152 ]
FRU B —% U2 BI6BL6 4 2 A #7213 3 AR&ICHIHIL . 10% AR E AL~k
DA LR AT S T2 T T T a2\ @3 LT, 5 um ORI 2 ERIL, ~~ R
-z ATy (HE) et UTAEAR OB FAIBL R B IO A 7T 7 AR AT 4 V)P —F (1T
fRAE LT,

R B L ONELR
C57BL/6 =T AIZH LU #2fEL 7= B16BL6 fEEENIC AARGD-TNFadh b\ i Ad-TNFoz #%
HLTZBRO | #& H 72 ARE 2% Fig. 13-A [T/RLTZ,

1.2
B
&> 3000 =z (B)
E o
= o 11
g E
£ 2000 | 3
> o
2 8 10 [
> (]
= =
o . —
g 1000 % 0.9
>
= ox
0 0.8
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Days after treatment Days after treatment

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.



2= AIRGD-IL12 HA\ T Ad-1L12 DFEERNE 512551 B16BL6 [EES 2

B89

AEITIE, 7 ABI6BL6 A7 /—~TE7 /L% F T, AdRGD-IL12 $HD\ E Ad-1L12 DEEN &%
B X DHUEER A Ll Uiz, £, s R F1E:% AW T AR RICRBIT D HUEEh R B oD A
H =X BHERHTLT,

EBA L
[F3]

Mitomycin C (MMC) 133/ L Y Recombinant mouse IFN—ylZ Pepro—Tech XY, DELFIA
enhancement solution I% PerkinElmer &0, Rabbit anti-asialoGM1 antiserum |ZFIYEHMIZE LY | Zi 2
TUEA LT,

GKL.5 #iff (anti-CD4)"™ FLN 53-6.72 HUIA (anti-CD8)™ 1%, 1Lt 8L5EA (RIKFK
FREIAI A AR TR0 8) KO G2 T,

ZOMORIRIIHTET ETO B EHIHEC -,

[(Kr&imnia]

YAC-1 MifaiL, B BREEA RIRK T KRB S R A7 8F) L5252,
RPMI1640 (10% FBS, 50 uM 2-ME, HiAEMEZETe) 2V THRE L,

Z OMOMI L AT ETOEBRAEHHEL -,

@L7)

RITETECTOFBRMBHIHELC T2,

[in vivo IL-12 JEART-TE¥F 5EER]

C57BL/6 ~7 ADJEHE R NIZ B16BL6 #laA 2 x 10° cells/50 ul/mouse THEREL , JHIE D 4%
PR 5~T mm [ ZFELZME AT, PBS IZW&B L7~ Ad-IL12 H5V M AARGD-IL12 % 108, 10°, 10 %%
VM 10 VP/50 pl TIEEPICH G- L=, £72. 50 pl @ PBS ZEE £ 5. Uiz b —/LEEs fF
TYERIL 7, £ A ISR B S DN ISR A I E U, BEE SRR XA &[RRI Janik & Y ORUTHE
STHRLE,



(G REEREETRT )

C57BL/6 ~7 ADHEHE R NIZ B16BL6 Al 2 x 10° cells/50 ul/mouse THEFEL , JEE DK%
23 5~T7 mm (ZEELT-FE 5T, PBS (28R L 7= Ad-IL12 25T AARGD-IL12 % 10° VP/50 pl CHE
BN G- Lz, 1 %, o0~y 200 a2 FH 5L . NK HIRTE MM I3 2 o M
ZZ D FEF Effector ML THWZ,

— 75, CTLIEMERHMIZ I ik, L 72 A0 A & B16BL6 Alif (Stimulator AifE) &% 10:1C
5 H 35583528 C in vitro PUR BRI ZTTV, Effector fliRZ457=, . Stimulator i1 C
FAVN= B16BL6 AL, H5H2°C8 100 U/ml @ IFN—y&Z & TeR5#0E T 24 BfERE# L, 50 ug/ml
® MMC % & T RPMI1640 T 30 3fHA > FaX—ar Uiz,

=B Europium (Eu)-release assay'*” 2k 0{T-7-, Eu 9L L7~ Target fifuz
RPMI1640 (10% FBS, 50 uM 2-ME, AW EZETe) TEWEL . 1 x 10" cells/50 ul/well T U JEK 96
SRR TV —NMIHEFEL 7=, F7-, fli 4 O Effector/Target tE7258591Z, RPMI1640 (10% FBS, 50
uM 2-ME, JUAEWE & & Te) CTRYBLT- Bffector fifii% 50 pl/well THAILIZ, M. Target FifEA>
50> Maximum Eu-release 33 T* Spontaneous Eu-release %l %95 well {ZI%. Effector 5%
HROARDVIZEILE I 0.5% Triton X-100/PBS 31T RPMI1640 (10% FBS, 50 uM 2-ME, Hi44

Eie) & 50 ul/well TUSHILTZ, 4 B A L FaX—aLictk, 50 pl @ _EiEE 150 pl @
DELFIA enhancement solution &{EG L, vA2/m 7L —h)—% — (SPECTARAFLUOR Plus;
TECAN) % FV - WeR /i Y6l E s (Bx: 340nm, Em: 612nm, lag time: 400 ps, integration
time: 400 ps) (ZXV Eu BEAZRIE L=, M., Effector Mila DM EETEME %) (ZLL FORITHE-
TR,

(% of lysis) = {(A) - (C)} / {(B) - (C)} x 100
(A): Experimental Eu-release, (B): Maximum Eu-release, (C): Spontaneous Eu-release
[ in vivo depletion assay]

C57BL/6 <~ ADEHE A NIZ B16BL6 iz 2 x 10° cells/50 pl/mouse THAFEL | fEH DO EE
28 5~7 mm L7 4T PBS (2 L 72 AARGD-IL12 % 10° VP/50 ul THEBMNICHE 5L,

CD4" T i, CD8" T #ifud oy NI NK HIfEZA B SR OV TR, ZZE 4 100 pl @
GKL1.5 HUAHESHE, 100 ul @ 53-6.72 HUAEHL HDHVME 40 pl @ Anti-asialoGM1 antiserum %,
AdRGD-IL12 #5524 H2b 2 HERET 5 BIRERENEE G- Uiz, #% H ISR RIEL | fifis[F
FRIZ Janik B O RG> TEBGHAREE B LT,

W, PUAR G 2T olo v U AIZB WL, 2 B oGO A (56506 4 A R) 12



R OPUAEERY L RNERY 7 2w hod 90%LL_ERTHAL TWAZE% | Flow cytometry fiEHTIZEY
sl LTz,

fERBLIOEE
C57BL/6 =7 AIZHOENCHEEFEL 72 B16BL6 JEEENIZ AARGD-IL12 AV VT Ad-IL12 2% 5
L7ZBE D % H 72 S R FE 2 L% Fig. 16-A [Z/RLT=,

1.2
— (A) =
£ 2000 } o
S ® 11t
o 2
g °

o

= S 10K~
> - (]
2 1000 g
£ S o9}
> E
" s

0 ey - e ] | 0.8

0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Days after treatment Days after treatment

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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TUAZENTEL, T MIOEE GRS IR SR BICH D AT REtE 2 R L TV D, — 7,
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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SO, BZHFANIAV BRI Z =T GIZLHPEZE AN = AL ONWTHREFLTEEZA,
Ad-TNFaZ# 5 L7= B16BL6 [EEELLEL T, AARGD-TNFaZ % 5L 7= 5 Clddl D AL
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Ad-TNFo& G-HE TITZERE T DAL RO DL, RRIZBITLZNORIER OB 1T, in
vivo W ANIA LB FIRRDERIR 7 v ha— VAR E T DO EERIFM THLHEB X LNLHTD,
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THIE R ORENRESN Y7, Ad ZEER~EH R 5 UBRIE, RO RGO
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MPEEAESND, BB = O%ERINE, FERF RN ER G 72 S IC K072 — Y i B W CEEA SN
T2 BEOUANAE HEICx L CGRESN A MM R OIEHE(L Th D, F7- Toloza & Wi, b
BOAdZEREIZFITHR G LIZEE T8V T, — 0 AdKL T OB GBS BR L5~ U HY
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<%
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TR ZNBD YA NIA L DBEEASNIZ G AT, S S I OB LR G E 2 o7
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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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(10 pg/ml) & PMSF (100 pM) Z& T PBS Z T 20% 8T % —healiflL 7=, 50 ul DRED *
—h& 50 ul D 5x Cell Culture Lysis Reagent Z{RG L, iR T 15 A FaX—rar Lzt S

HIZ 150 ul OKRZEMZTH U Z NERE LTz, 10 pl DY T IVEERRIZ 100 ul @ Luciferase Assay
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23 5~T mm [ ZEE LT 4G, PBS IZBRE L 7= Ad-Luc 25V ME AARGD-Luc % 10%, 10?825\ % 10"
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L L% RT-PCR f#ATICILVFHIL 7= (Fig. 21),
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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 1010 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.

PLEDORERID AT ) —< Tk T2V A AL BB IR W, BT O R0 A
AV EFREBLTHHED AIRGD OO, BITER B A IHIL > >A 3D m _Ea ik L) H15
Taha— Ll L THETHLIENHALNE R oT2,

SEIUE /NS

(TG ] (GO/G1 1) ORI ICH IER IZm VOB FEARE A THIEN5,



i 2 OFRBIZHE A T2 in vivo BB IR~ 2 —LLTEOR AR RONITHIRIS T, L
LIRS Ad XV ANARY Z—THLHLZENLHURMEO MBEITIRWEN | AL RS 5 H
1T Ad % in vivo RKEFR 5 LTIZHAI2IE, UAVAE HEICKHT A0 0m Icaiksh, &
FERRIER 25 | SR Al REME N R A S ND, 1999 4EICiT, KEARL I A AR=T REF - EN&EAT-
BRI e TIThIz Ad Z WAL =F U b TU AT ST — B RIJEICH T 5B 515
FEERIRIFZEIC RN T, 18 D BIEEE NI Z—F 544 4 A BIZ @AV ZAMAEICRVET
LIS RO o 72 MO = (D= o — A, BB FIRR R R O E/e R R I LB LS
DI BRI~ DEGEL 72 o T- LSBT, HDFEOEEBITHT L T2 BR B A W59 5101X
1B DL BMEEARIROFE RITE D DR ER G2 RERESNDEWDBED Ad DREREIR A 415 &

IZUTz, BUE, Ad 52D %% SOGE T 5720 D7 7 m—F B3 DD A5 TOD A
M BiR ST D Ad DG BEIRKINZ A2, bR TR O—2>THh A, T78bb | Hi
BECRLICERYD, AT/ —~%X G L LT in vivo B TIRRIZBIT DA IO M Lo b7 52—
BEOHIZ —ZEIEKLYD AIRGD 13, KV ZAMEICEN Bz TR v ha— L ORI
A RIGNRI B =V AT L CThHHEF 2D, LINL, AWFED in vivo B ANIA L BIGFIRFEET LT
(X, A7 )=~ ~DBIE B A TEND AIRGD OIEE R G IZBWTEX, 74
— & E8E) 10" VP 2R 725 A I TE LWEREBD SRZRIEL W ST EE OB A&, &5
128 MO TRE I TG T B ha— VO EB A AT FREL o7z, LT23o T WA RES
HRMEFIE R T2 in vivo B FIBRZ R T 27201213, BB FHEAHANIZ— OB
LEBIT, RER OFRBLZ R T D72 DI B ESNDIHERENE T LN EE THL LB LI
7o

KRBT HENWEHRBUZ DWW T, ENE G L7 =g R ~Sw L, (1) i

R LTe o 2 — A J KT 250 SOGICE R T 28, (2) BB -8 ASh -l o 5

DY ANIAL PEARITER T 28T, HDVNE (3) N TR B EAESNIZ Y AN IA L IR ER
M ~CiwHL ., 2HHICER T 22K T 2867 KPS, 22T BENICkRE
L7z AdRGD & NIHERT Ad DFFER I H ~DIF IR AT LI2E A, in vivo S ANIA L B

TIEHR B CRIER BRI NIZ 101 VP & HIZBWTL, fiXA 7T ORyx—Lb i b &
DK 1% (10° VP) SEGENASMEER M PSR T2 ERHBMERST2, LAL, 10 VP D
AdRGD-Luc &5 ME Ad-Luc ZFARN G- Uiz~ D 20 [Tl BALHE . 3L 10° VP O
AdRGD-TNFa% §# IR N # G- L 7=~ 7 20 [l BEAR AR AR I 27 TR D B T2 8nh | i
WOFRESNIZRWERFEEETO (1) & 2), ThbbIEENLIRE LI ~s 2 —IZ K3 245k



15555 36 L OMIBER T OV A NI AL AR FREBUMED ZRAYe it (TIZLALBIEL TN L
DML, —77 . Ad-TNFadb b % AdRGD-TNFak 10 VP TIEENE G- L7z~ AD Tl
BOTIEFELUWMRE DB S, SHICZNHDO T AD M A TNF-o SRR R E DM

ZITRD T RAFRFBIR RO DLz, Fio, @A ED AIRGD-ILI2 &2\ T Ad-1L12 ZIEEN i
B LTEBRICRRO DAV AR E A 1T, TG DIE R I ~EIR L7z IL-12 OERIZ R > T RIS
PEA G E I E IR E OWNRME IFN-yIZE K 52 EMRTRIRIBI NI,

UL EOBFEHRERERE T D VANIALFEARTZ—DNEIFENE 51285 in vivo BARTIRIE
IZBWTE, ~7Z—HEDOH NI > TR CTrEASNTIZ A NI A OPE BRI F ~O i H &
DIRL, —BMEEITOZ R YECEREIC ML ARIA N, EOSRZERICE - TH
TR MR BN E DEELREWEN 2R BT 2HER ERDZENAON LR o7, ZhUE, il
A BRTEME DB OAE RISV B AR TIRIR AMKIC BV T BV s T8 - B R4
T DT DT R EDO NI Z—%0i D2 813, IR R ORI TR 2225 T
RIVE R DBEZE /e KA KNG 2 5.2 TEY | @R EOABIEME N 2 F I 8] L h ~2%
1952 E& T DTz 52— BEDEER escalation trial, § 72405 risk/benefit a5 &
U725 72 limiting dose DFRE  ICKERIEELOMLENRHLHEB 2 DI,

KIFFEDV A NI A B TIRRET BT, MR A DA RED EHEZ U IR E
Wb % 5| &L 2 LG RN PUE S A 7" AJRGD-TNFaf L O AARGD-IL12 @ limiting
dose I, &BIZ 107 VP ThoTe, 4. in vivo A NIA L BAR TIRE OB 5023 12D T
WUZEE, 20572 limiting dose DR E DRSO CHEHE THLHEE DI, LEMEEHIRL D DOEHR5
ARWEDm EEER T H7oDIE, B— DY AN A L FEARTZ— LI HIERN RO IRIFHDLD
TR A OIRFIELOOFADRICETIMRFABLETHAIEEZAONTZ, £ T,
AdRGD-TNFa. L TN AdRGD-IL12 % limiting dose BA F CHFHE 5457 Fu—F 2l izl 25,
VU ADRERD Z D 2 E7a | KR H— B G EELOG R 2 P S R S R RS T, A
fi KL FRRICMDOMTE T NV —T Db | S AR A L BIRTFIERICB W TH—DO Y AN A BT
FHLIZT TR RIBFED RPN RNGE AT ORI 588 OV AN A BB TF % OF
AT 5L EVHEA L IR ER CEDZENHAEIN TGS P90 LT, 5% 0
ANIA L BB TIREOBRRIZEB WL, H— DA AL BN Z— R BIZL DML IO
ZEMERFTHZLTbBEAAD L ARG C THED YA A FE 72— D
BRI AN RR A D HZ LT, AL MO E BN IR EIE OIS ATRE ThDH &
25D,



vk 2A
Y =

AdRGD D A7 ) —<Zx1 T 5 s -8 AR OFHE, 3L~ A B16BL6 A7 /—~<ET /LIZ
BB AR AL 3B AIRGD % 2B s 116 DA ZhMEREAm 725 ONZ BIVEH 58 B e o fipr
T, LU Ok ima 7,

1) PR Ad Z2 IO T8 AR B AT T2 AT ) — <Ml OEHINED | Ad &Y= FIETH S CAR
DIRFETITER T2 EEHBNELT,

2) 77 A/N—FEIIZ RGD X7 F RECF & 4f A L7z a,~integrin $8 A1 AJRGD % 9528 T, A
Z /) —~<Hka (n vitro) 72BN (in vivo) ~OFRD TEhEHRD BUVVBAR T-E A BB
hii=,

3) AT/ =K T DI AN AL BT IRIEIZ AARGD Zi 32221280 7EkA Ad @ L
I a L LT, G~ —BOHBEAIEDR ENZER TEHIEEMLNELT,

1) EBHABOVAIIA L FEBGERT Ad HH\ T AIRGD ZEFE N5 U B EIVEAFRBICIX
NEE DR B ML P ~JRH L= _ 72— (5 EOK 1%) OEITZEALRBDLNT, JEEN
TR EEAESNTZ A A L DR HAEANESEE 545225 E LT,

5) AdRGD-TNFat AdRGD-IL12 ZOfH 35281280, BITEAZ R LI 4 — B ChHiE
BN R OB IR ERL ST,

ZNBDOWFFERRIE, AIRGD 23AT ) —~ B IR OB I B W TIFF A O @ s
B =Y AT N CoHHIEEFFET Db D ThD, o, VA MIA VBB FIRIFEIZIBW T risk/benefit
BB L EE R Z—HEXEN AR THLZE BLOEED T AN A FEBLART 57—
OO LN T T e —F BEWE LR a2 2 TR 7 e ha— L 72055 L) 1 R
B DV ANIA B TIRIFE O BRI E HAR R AR T 2b DB 2 2,



E i

AREHEADITHTZD | KAGTRFE R DR S EHEREZ IR0 S U7 RN KBRS R B e
GRS Sallccrnl S CNIENE R Y (ot AN BN RN/ S AT U= R DS

Fio, AR EZITTHICHTY, ZRKILDEELEZTE LI, EAETRA H TRAF- TEE
WELTE, B 27 RPEE SRR PR Je s Bz, KB BN e A e b NS sk = — Je A1,
FEA TCERBNZLE T,

AN HT0, A/ tlB S | Ml N Z2 oL b, 7T JUANARY 2 —ERUZ B2 TS
AINFAFB LY HEK293 Al 2 <l < 7e Sk L7z, [E 37 = 3R S B db g AR i 2T pir i s - i
EHES EAEMFIEE . K AR Z SR, B NTE KRS R A0 £ LT [ESL ER 5 A S AR
WHoeir RIFTER . RIISEFAEAICHEA TREZLET, Fo. ARFEICHIZY, AR HE .
i & BV ELT, RIRKFERF B AR SA 70 B Bhadz, ) ISR S AR D K0k
HNTZLET,

GK1.5 HiiAF L 1N 53-6.72 HiLiK, 725N mIL-12 BIA/pBluescript I KS()Z PRI 5-< 72 &0
FUTo, RECRF R FBR A e R e AR B o0 B 22, 1ot sA2e AEI&# LT, Fe,
Eh TNF-o cDNA Offi HZ IR IESVVvEL T2, K A AR ASHIEF - LET, 361,
RT-PCR AT 35 J OG5 53X BRI BRI L TRl 1 & B0 U7z mUHI SR K 3R = | 7 1
KEAE L7 NI K A LB =L E T,

A A BATT HDIZHTZ0 . FEBRIHEE DA TEESEL T, FEEH %5 mEN %15, 5%
M5t B E 7 b SRR, A RAL R AU &3 2R 1 201 K75
HEN LA IEEOFE AL IVEFL R L BT ET,

BBIC, DRI TRE R 2, ZZETENWTEESWELE, REERA R85
F, [ B & A OO DEHOBEE BT £,



1)
2)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

51 A 3C MR

Nature 409, 813-958 (2001).

Science 291, 1153-1351 (2001).

Rosenberg, S. A., Aebersold, P., Cornetta, K., Kasid, A., Morgan, R. A., Moen, R., Karson, E. M.,
Lotze, M. T, Yang, J. C., Topalian, S. L., Culver, K., Blaese, M., and Anderson, W. F. Gene
transfer into humans — immunotherapy of patients with advanced melanoma, using
tumor-infiltrating lymphocytes modified by retroviral gene transduction. N. Engl. J. Med. 323,
570-578 (1990).

Anderson, W. F,, Blaese, R. M., and Culver, K. The ADA human gene therapy clinical protocol:
Points to consider response with clinical protocol, July 6, 1990. Hum. Gene Ther. 1, 331-362
(1990).

Culver, K. W., Anderson, W. F., and Blaese, R. M. Lymphocyte gene therapy. Hum. Gene Ther. 2,
107-109 (1991).

Blaese, R. M., Culver, K. W., Miller, A. D., Carter, C. S., Fleisher, T., Clerici, M., Shearer, G,,
Chang, L., Chiang, Y., Tolstoshev, P., Greenblatt, J. J., Rosenberg, S. A., Klein, H., Berger, M.,
Mullen, C. A., Ramsey, W. J., Muul, L., Morgan, R. A., and Anderson, W. R. T
lymphocyte-directed gene therapy for ADA- SCID: initial trial results after 4 years. Science 270,
475-480 (1995).

http://www.wiley.co.uk/genmed/clinical/

Cavazzana-Calvo, M., Hacein-Bey, S., de Saint Basile, G, Gross, F., Yvon, E., Nusbaum, P., Selz,
F., Hue, C., Certain, S., Casanova, J. L., Bousso, P., Deist, F. L., and Fischer, A. Gene therapy of
human severe combined immunodeficiency (SCID)-X1 disease. Science 288, 669-672 (2000).
Cavazzana-Calvo, M., Hacein-Bey, S., Yates, F., de Villartay, J. P., Le Deist, F., and Fischer, A.
Gene therapy of severe combined immunodeficiencies. J. Gene Med. 3, 201-206 (2001).
Hacein-Bey-Abina, S., Le Deist, F., Carlier, F., Bouneaud, C., Hue, C., De Villartay, J. P,
Thrasher, A. J., Wulffraat, N., Sorensen, R., Dupuis-Girod, S., Fischer, A., Davies, E. G., Kuis, W.,
Leiva, L., and Cavazzana-Calvo, M. Sustained correction of X-linked severe combined
immunodeficiency by ex vivo gene therapy. N. Engl. J. Med. 346, 1185-1193 (2002).
Hacein-Bey-Abina, S., Fischer, A., and Cavazzana-Calvo, M. Gene therapy of X-linked severe
combined immunodeficiency. Int. J. Hematol. 76, 295-298 (2002).

Skotzko, M., Wu, L., Anderson, W. F., Gordon, E. M., and Hall, F. L. Retroviral vector-mediated
gene transfer of antisense cyclin G1 (CYCGL) inhibits proliferation of human osteogenic
sarcoma cells. Cancer Res. 55, 5493-5498 (1995).

Watanabe, T., Shinohara, N., Sazawa, A., Takimoto, M., Hashimoto, A., Koyanagi, T., and
Kuzumaki, N. Adenovirus-mediated gene therapy for bladder cancer in an orthotopic model using
a dominant negative H-ras mutant. Int. J. Cancer 92, 712-717 (2001).

Wang, C. H., Tsai, L. J., Tsao, Y. P., Hsieh, J. T., Chien, W. W, Liao, C. L., Wang, H. W., Liu, H.
S., and Chen, S. L. Recombinant adenovirus encoding H-ras ribozyme induces apoptosis in
laryngeal cancer cells through caspase- and mitochondria-dependent pathways. Biochem. Biophys.
Res. Commun. 298, 805-814 (2002).

Roth, J. A., Nguyen, D., Lawrence, D. D., Kemp, B. L., Carrasco, C. H., Ferson, D. Z., Hong, W.
K., Komaki, R., Lee, J. J., Nesbitt, J. C., Pisters, K. M., Putnam, J. B., Schea, R., Shin, D. M.,
Walsh, G. L., Dolormente, M. M., Han, C. I., Martin, F. D., Yen, N., Xu, K., Stephens, L. C.,
McDonnell, T. J., Mukhopadhyay, T., and Cai, D. Retrovirus-mediated wild-type p53 gene
transfer to tumors of patients with lung cancer. Nat. Med. 2, 985-991 (1996).

Schuler, M., Rochlitz, C., Horowitz, J. A., Schlegel, J., Perruchoud, A. P., Kommaoss, F., Bolliger,
C. T., Kauczor, H. U., Dalquen, P., Fritz, M. A., Swanson, S., Herrmann, R., and Huber, C. A
phase | study of adenovirus-mediated wild-type p53 gene transfer in patients with advanced
non-small cell lung cancer. Hum. Gene Ther. 9, 2075-2082 (1998).

Swisher, S. G,, Roth, J. A., Nemunaitis, J., Lawrence, D. D., Kemp, B. L., Carrasco, C. H.,
Connors, D. G, EI-Naggar, A. K., Fossella, F., Glisson, B. S., Hong, W. K., Khuri, F. R., Kurie, J.
M., Lee, J. J., Lee, J. S., Mack, M., Merritt, J. A., Nguyen, D. M., Nesbhitt, J. C., Perez-Soler, R.,



18)

19)

20)

21)
22)
23)
24)
25)
26)
27)
28)
29)
30)

31)

32)

33)

34)

35)
36)
37)

38)

Pisters, K. M., Putnam, J. B., Jr., Richli, W. R., Savin, M., Schrump, D. S., Shin, D. M., Shulkin,
A., Walsh, G. L., Wait, J., Weill, D., and Waugh, M. K. Adenovirus-mediated p53 gene transfer in
advanced non-small-cell lung cancer. J. Natl. Cancer Inst. 91, 763-771 (1999).

Mastrangelo, M. J., Maguire, H. C., Jr, Eisenlohr, L. C., Laughlin, C. E., Monken, C. E., McCue,
P. A., Kovatich, A. J., and Lattime, E. C. Intratumoral recombinant GM-CSF-encoding virus as
gene therapy in patients with cutaneous melanoma. Cancer Gene Ther. 6, 409-422 (1999).

Fujii, S., Huang, S., Fong, T. C., Ando, D., Burrows, F.,, Jolly, D. J., Nemunaitis, J., and Hoon, D.
S. Induction of melanoma-associated antigen systemic immunity upon intratumoral delivery of
interferon-y retroviral vector in melanoma patients. Cancer Gene Ther. 7, 1220-1230 (2000).
Cunningham, C. and Nemunaitis, J. A phase | trial of genetically modified Salmonella
typhimurium expressing cytosine deaminase (TAPET-CD, VNP20029) administered by
intratumoral injection in combination with 5-fluorocytosine for patients with advanced or
metastatic cancer. Protocol no: CL-017. Version: April 9, 2001. Hum. Gene. Ther. 12, 1594-1596
(2001).

Jolly, D. Viral vector systems for gene therapy. Cancer Gene Ther. 1, 51-64 (1994).

Blaese, M., Blankenstein, T., Brenner, M., Cohen-Haguenauer, O., Gansbacher, B., Russell, S.,
Sorrentino, B., and Velu, T. Vectors in cancer therapy: how will they deliver? Cancer Gene Ther.
2,291-297 (1995).

Robbins, P. D. and Ghivizzani, S. C. Viral vectors for gene therapy. Pharmacol. Ther. 80, 35-47
(1998).

Mah, C., Byrne, B. J., and Flotte, T. R. Virus-based gene delivery systems. Clin. Pharmacokinet.
41, 901-911 (2002).

Kozarsky, K. F. and Wilson, J. M. Gene therapy: adenovirus vectors. Curr. Opin. Genet. Dev. 3,
499-503 (1993).

Kay, M. A. and Woo, S. L. Gene therapy for metabolic disorders. Trends Genet. 19, 253-257
(1994).

Breyer, B., Jiang, W., Cheng, H., Zhou, L., Paul, R., Feng, T., and He, T. C. Adenoviral
vector-mediated gene transfer for human gene therapy. Curr. Gene Ther. 1, 149-162 (2001).
Vorburger, S. A. and Hunt, K. K. Adenoviral gene therapy. Oncologist 7, 46-59 (2002).

Hemmi, S., Geertsen, R., Mezzacasa, A., Peter, I., and Dummer, R. The presence of human
coxsackievirus and adenovirus receptor is associated with efficient adenovirus-mediated
transgene expression in human melanoma cell cultures. Hum. Gene Ther. 9, 2363-2373 (1998).
Nakamura, T., Sato, K., and Hamada, H. Effective gene transfer to human melanomas via
integrin-targeted adenoviral vectors. Hum. Gene Ther. 13, 613-626 (2002).

Yoshida, Y., Sadata, A., Zhang, W., Saito, K., Shinoura, N., and Hamada, H. Generation of
fiber-mutant recombinant adenoviruses for gene therapy of malignant glioma. Hum. Gene Ther. 9,
2503-2515 (1998).

Shinoura, N., Yoshida, Y., Tsunoda, R., Ohashi, M., Zhang, W., Asai, A., Kirino, T., and Hamada,
H. Highly augmented cytopathic effect of a fiber-mutant E1B-defective adenovirus for gene
therapy of gliomas. Cancer Res. 59, 3411-3416 (1999).

Staba, M. J., Wickham, T. J., Kovesdi, I., and Hallahan, D. E. Modifications of the fiber in
adenovirus vectors increase tropism for malignant glioma models. Cancer Gene Ther. 7, 13-19
(2000).

Shinoura, N., Sakurai, S., Asai, A., Kirino, T., and Hamada, H. Transduction of a fiber-mutant
adenovirus for the HSVtk gene highly augments the cytopathic effect towards gliomas. Jpn. J.
Cancer Res. 91, 1028-1034 (2000).

Graham, F. L. and Prevec, L. Adenovirus-based expression vectors and recombinant vaccines.
Biotechnology 20, 363-390 (1992).

Stratford-Perricaudet, L. D., Briand, P., and Perricaudet, M. Feasibility of adenovirus-mediated
gene transfer in vivo. Bone Marrow Transplant. 9, 151-152 (1992).

Shenk, T. Adenoviridae. In “Fields Virology Vol. 2,” (Eds.) Fields, B. N., Knipe, D. M., and
Howley, P. M., pp. 2111-48 (1996). Lippincott-Raven Publishing, Philadelphia, PA.

Henry, L. J., Xia, D., Wilke, M. E., Deisenhofer, J., and Gerard, R. D. Characterization of the
knob domain of the adenovirus type 5 fiber protein expressed in Escherichia coli. J. Virol. 68,
5239-5246 (1994).



39)

40)

41)

42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

52)
53)
54)

55)

56)

57)

58)

Bergelson, J. M., Cunningham, J. A., Droguett, G., Kurt-Jones, E. A., Krithivas, A., Hong, J. S.,
Horwitz, M. S., Crowell, R. L., and Finberg, R. W. Isolation of a common receptor for Coxsackie
B viruses and adenoviruses 2 and 5. Science 275, 1320-1323 (1997).

Tomko, R. P., Xu, R., and Philipson, L. HCAR and MCAR: the human and mouse cellular
receptors for subgroup C adenoviruses and group B coxsackieviruses. Proc. Natl. Acad. Sci.
U.S.A. 94, 3352-3356 (1997).

Bergelson, J. M., Krithivas, A., Celi, L., Droguett, G., Horwitz, M. S., Wickham, T., Crowell, R.
L., and Finberg, R. W. The murine CAR homolog is a receptor for coxsackie B viruses and
adenoviruses. J. Virol. 72, 415-419 (1998).

Roelvink, P. W., Lizonova, A., Lee, J. G, Li, Y., Bergelson, J. M., Finberg, R. W., Brough, D. E.,
Kovesdi, I., and Wickham, T. J. The coxsackievirus-adenovirus receptor protein can function as a
cellular attachment protein for adenovirus serotypes from subgroups A, C, D, E, and F. J. Virol.
72, 7909-7915 (1998).

Wickham, T. J., Mathias, P., Cheresh, D. A., and Nemerow, G. R. Integrins a3 and o35 promote
adenovirus internalization but not virus attachment. Cell 73, 309-319 (1993).

Bai, M., Harfe, B., and Freimuth, P. Mutations that alter an Arg-Gly-Asp (RGD) sequence in the
adenovirus type 2 penton base protein abolish its cell-rounding activity and delay virus
reproduction in flat cells. J. Virol. 67, 5198-5205 (1993).

Mathias, P., Wickham, T., Moore, M., and Nemerow, G. Multiple adenovirus serotypes use alpha
v integrins for infection. J. Virol. 68, 6811-6814 (1994).

Wickham, T. J., Filardo, E. J., Cheresh, D. A., and Nemerow, G. R. Integrin avp5 selectively
promotes adenovirus mediated cell membrane permeabilization. J. Cell Biol. 127, 257-264
(1994).

Wang, K., Guan, T., Cheresh, D. A., and Nemerow, G. R. Regulation of adenovirus membrane
penetration by the cytoplasmic tail of integrin 5. J. Virol. 74, 2731-2739 (2000).

Suomalainen, M., Nakano, M. Y., Keller, S., Boucke, K., Stidwill, R. P., and Greber, U. F.
Microtubule-dependent plus- and minus end-directed motilities are competing processes for
nuclear targeting of adenovirus. J. Cell Biol. 144, 657-672 (1999).

Saphire, A. C., Guan, T., Schirmer, E. C., Nemerow, G. R., and Gerace, L. Nuclear import of
adenovirus DNA in vitro involves the nuclear protein import pathway and hsc70. J. Biol. Chem.
275, 4298-4304 (2000).

Carlisle, R. C., Bettinger, T., Ogris, M., Hale, S., Mautner, V., and Seymour, L. W. Adenovirus
hexon protein enhances nuclear delivery and increases transgene expression of
polyethylenimine/plasmid DNA vectors. Mol. Ther. 4, 473-483 (2001).

Trotman, L. C., Mosberger, N., Fornerod, M., Stidwill, R. P., and Greber, U. F. Import of
adenovirus DNA involves the nuclear pore complex receptor CAN/Nup214 and histone H1. Nat.
Cell Biol. 3, 1092-1100 (2001).

Brody, S. L. and Crystal, R. G. Adenovirus-mediated in vivo gene transfer. Ann. N.Y. Acad. Sci.
716, 90-103 (1994).

Yeh, P. and Perricaudet, M. Advances in adenoviral vectors: from genetic engineering to their
biology. FASEB. J. 11, 615-623 (1997).

Benihoud, K., Yeh, P., and Perricaudet, M. Adenovirus vectors for gene delivery. Curr. Opin.
Biotechnol. 10, 440-447 (1999).

Bett, A. J., Haddara, W., Prevec, L., and Graham, F. L. An efficient and flexible system for
construction of adenovirus vectors with insertions or deletions in early regions 1 and 3. Proc.
Natl. Acad. Sci. U.S.A. 91, 8802-8806 (1994).

Chartier, C., Degryse, E., Gantzer, M., Dieterle, A., Pavirani, A., and Mehtali, M. Efficient
generation of recombinant adenovirus vectors by homologous recombination in Escherichia coli.
J. Virol. 70, 4805-4810 (1996).

Miyake, S., Makimura, M., Kanegae, Y., Harada, S., Sato, Y., Takamori, K., Tokuda, C., and Saito,
I. Efficient generation of recombinant adenoviruses using adenovirus DNA-terminal protein
complex and a cosmid bearing the full-length virus genome. Proc. Natl. Acad. Sci. U.S.A. 93,
1320-1324 (1996).

Crouzet, J., Naudin, L., Orsini, C., Vigne, E., Ferrero, L., Le, R. A., Benoit, P., Latta, M., Torrent,
C., Branellec, D., Denefle, P., Mayaux, J. F., Perricaudet, M., and Yeh, P. Recombinational
construction in Escherichia coli of infectious adenoviral genomes. Proc. Natl. Acad. Sci. U.S.A.
94, 1414-1419 (1997).



59)
60)
61)
62)
63)
64)
65)
66)
67)

68)

69)

70)

71)

72)

73)

74)

75)

76)
77)

78)

79)

80)

He, T. C., Zhou, S., da Costa, L. T., Yu, J., Kinzler, K. W., and Vogelstein, B. A simplified system
for generating recombinant adenoviruses. Proc. Natl. Acad. Sci. U.S.A. 95, 2509-2514 (1998).
Mizuguchi, H. and Kay, M. A. Efficient construction of a recombinant adenovirus vector by an
improved in vitro ligation method. Hum. Gene Ther. 9, 2577-2583 (1998).

Mizuguchi, H. and Kay, M. A. A simple method for constructing E1- and E1/E4-deleted
recombinant adenoviral vectors. Hum. Gene Ther. 10, 2013-2017 (1999).

Mizuguchi, H., Kay, M. A., and Hayakawa, T. Approaches for generating recombinant adenovirus
vectors. Adv. Drug Deliv. Rev. 52, 165-176 (2001).

Weiss, J., Herbst, R. A., and Kapp, A. Malignant melanoma of the skin. Pathogenesis, clinical
aspects and prognosis. Versicherungsmedizin 52, 7-12 (2000).

Wang, S. Q., Setlow, R., Berwick, M., Polsky, D., Marghoob, A. A., Kopf, A. W,, and Bart, R. S.
Ultraviolet A and melanoma. J. Am. Acad. Dermatol.. 44, 837-846 (2001).

Aubin, F., Humbey, O., Humbert, P., Laurent, R., and Mougin, C. Melanoma: role of ultraviolet
radiation: from physiology to pathology. Presse Med. 30, 546-551 (2001).

Prehn, R. T. The paradoxical association of regression with a poor prognosis in melanoma
contrasted with a good prognosis in keratoacanthoma. Cancer Res. 56, 937-940 (1996).
Schneeberger, A., Goos, M., Stingl, G., and Wagner, S. N. Management of malignant melanoma:
new developments in immune and gene therapy. Clin. Exp. Dermatol. 25, 509-519 (2000).
Wildemore, J. K., 4th, Schuchter, L., Mick, R., Synnestvedt, M., Elenitsas, R., Bedrosian, I.,
Czerniecki, B. J., Guerry, D., 4th, Lessin, S. R., Elder, D. E., and Bucky, L. P. Locally recurrent
malignant melanoma characteristics and outcomes: a single-institution study. Ann. Plast. Surg. 46,
488-494 (2001).

Locardi, E., Mullen, D. G, Mattern, R. H., and Goodman, M. Conformations and
pharmacophores of cyclic RGD containing peptides which selectively bind integrin o, 33. J. Pept.
Sci. 5, 491-506 (1999).

Dechantsreiter, M. A., Planker, E., Matha, B., Lohof, E., Holzemann, G., Jonczyk, A., Goodman,
S. L., and Kessler, H. N-Methylated cyclic RGD peptides as highly active and selective o,f3
integrin antagonists. J. Med. Chem. 42, 3033-3040 (1999).

Castel, S., Pagan, R., Mitjans, F., Piulats, J., Goodman, S., Jonczyk, A., Huber, F., Vilaro, S., and
Reina, M. RGD peptides and monoclonal antibodies, antagonists of a,-integrin, enter the cells by
independent endocytic pathways. Lab. Invest. 81, 1615-1626 (2001).

Mizuguchi, H., Nakagawa, T., Toyosawa, S., Nakanishi, M., Imazu, S., Nakanishi, T., Tsutsumi,
Y., Nakagawa, S., Hayakawa, T., ljuhin, N., and Mayumi, T. Tumor necrosis factor a-mediated
tumor regression by the in vivo transfer of genes into the artery that leads to tumors. Cancer Res.
58, 5725-5730 (1998).

Mizuguchi, H., Koizumi, N., Hosono, T., Utoguchi, N., Watanabe, Y., Kay, M. A., and Hayakawa,
T. A simplified system for constructing recombinant adenoviral vectors containing heterologous
peptides in the HI loop of their fiber knob. Gene Ther. 8, 730-735 (2001).

Koizumi, N., Mizuguchi, H., Hosono, T., Ishii-Watabe, A., Uchida, E., Utoguchi, N., Watanabe,
Y., and Hayakawa, T. Efficient gene transfer by fiber-mutant adenoviral vectors containing RGD
peptide. Biochim. Biophys. Acta 1568, 13-20 (2001).

Obana, S., Miyazawa, H., Hara, E., Tamura, T., Nariuchi, H., Takata, M., Fujimoto, S., and
Yamamoto, H. Induction of anti-tumor immunity by mouse tumor cells transfected with mouse
interleukin-12 gene. Jpn. J. Med. Sci. Biol. 48, 221-236 (1995).

Graham, F. L., Smiley, J., Russell, W. C., and Nairn, R. Characteristics of a human cell line
transformed by DNA from human adenovirus type 5. J. Gen. Virol. 36, 59-74 (1977).

Louis, N., Evelegh, C., and Graham, F. L. Cloning and sequencing of the cellular-viral junctions
from the human adenovirus type 5 transformed 293 cell line. Virology 233, 423-429 (1997).
Maizel, J. V., Jr, White, D. O., and Scharff, M. D. The polypeptides of adenovirus. I. Evidence for
multiple protein components in the virion and a comparison of types 2, 7A, and 12. Virology 36,
115-125 (1968).

Mosmann, T. Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. J. Immunol. Methods 65, 55-63 (1983).

Leopold, P. L., Ferris, B., Grinberg, I., Worgall, S., Hackett, N. R., and Crystal, R. G. Fluorescent
virions: dynamic tracking of the pathway of adenoviral gene transfer vectors in living cells. Hum.



81)

82)

83)

84)

85)

86)

87)

88)

89)

90)

91)

92)

93)

94)

95)

96)

97)

Gene Ther. 9, 367-378 (1998).

Li, Y., Pong, R. C., Bergelson, J. M., Hall, M. C., Sagalowsky, A. I., Tseng, C. P., Wang, Z., and
Hsieh, J. T. Loss of adenoviral receptor expression in human bladder cancer cells: a potential
impact on the efficacy of gene therapy. Cancer Res. 59, 325-330 (1999).

Stockwin, L. H., Matzow, T., Georgopoulos, N. T., Stanbridge, L. J., Jones, S. V., Martin, I. G,
Blair-Zajdel, M. E., and Blair, G. E. Engineered expression of the Coxsackie B and adenovirus
receptor (CAR) in human dendritic cells enhances recombinant adenovirus-mediated gene
transfer. J. Immunol. Methods 259, 205-215 (2002).

Douglas, J. T., Rogers, B. E., Rosenfeld, M. E., Michael, S. I., Feng, M., and Curiel, D. T.
Targeted gene delivery by tropism-modified adenoviral vectors. Nat. Biotechnol. 14, 1574-1578
(1996).

Wickham, T. J., Segal, D. M., Roelvink, P. W., Carrion, M. E., Lizonova, A., Lee, G. M., and
Kovesdi, I. Targeted adenovirus gene transfer to endothelial and smooth muscle cells by using
bispecific antibodies. J. Virol. 70, 6831-6838 (1996).

Trepel, M., Grifman, M., Weitzman, M. D., and Pasqualini, R. Molecular adaptors for
vascular-targeted adenoviral gene delivery. Hum. Gene Ther. 11, 1971-1981 (2000).

Nettelbeck, D. M., Miller, D. W., Jerome, V., Zuzarte, M., Watkins, S. J., Hawkins, R. E., Muller,
R., and Kontermann, R. E. Targeting of adenovirus to endothelial cells by a bispecific
single-chain diabody directed against the adenovirus fiber knob domain and human endoglin
(CD105). Mol. Ther. 3, 882-891 (2001).

Qiu, C., De Young, M. B., Finn, A., and Dichek, D. A. Cationic liposomes enhance adenovirus
entry via a pathway independent of the fiber receptor and a,-integrins. Hum. Gene Ther. 9,
507-520 (1998).

Pecher, G., Spahn, G., Schirrmann, T., Kulbe, H., Ziegner, M., Schenk, J. A., and Sandig, V.
Mucin gene (MUC1) transfer into human dendritic cells by cationic liposomes and recombinant
adenovirus. Anticancer Res. 21, 2591-2596 (2001).

Mizuno, M., Ryuke, Y., and Yoshida, J. Cationic liposomes conjugation to recombinant
adenoviral vectors containing herpes simplex virus thymidine kinase gene followed by
ganciclovir treatment reduces viral antigenicity and maintains antitumor activity in mouse
experimental glioma models. Cancer. Gene Ther. 9, 825-829 (2002).

Lee, S. G, Yoon, S. J.,, Kim, C. D., Kim, K., Lim, D. S., Yeom, Y. I, Sung, M. W., Heo, D. S., and
Kim, N. K. Enhancement of adenoviral transduction with polycationic liposomes in vivo. Cancer.
Gene Ther. 7, 1329-1335 (2002).

Wickham, T. J., Tzeng, E., Shears, L. L., 2nd, Roelvink, P. W., Li, Y., Lee, G. M., Brough, D. E.,
Lizonova, A., and Kovesdi, I. Increased in vitro and in vivo gene transfer by adenovirus vectors
containing chimeric fiber proteins. J. Virol. 71, 8221-8229 (1997).

Krasnykh, V., Dmitriev, I., Mikheeva, G, Miller, C. R., Belousova, N., and Curiel, D. T.
Characterization of an adenovirus vector containing a heterologous peptide epitope in the HI loop
of the fiber knob. J. Virol. 72, 1844-1852 (1998).

Dmitriev, 1., Krasnykh, V., Miller, C. R., Wang, M., Kashentseva, E., Mikheeva, G., Belousova,
N., and Curiel, D. T. An adenovirus vector with genetically modified fibers demonstrates
expanded tropism via utilization of a coxsackievirus and adenovirus receptor-independent cell
entry mechanism. J. Virol. 72, 9706-9713 (1998).

Gonzalez, R., Vereecque, R., Wickham, T. J., Vanrumbeke, M., Kovesdi, I., Bauters, F., Fenaux,
P., and Quesnel, B. Increased gene transfer in acute myeloid leukemic cells by an adenovirus
vector containing a modified fiber protein. Gene Ther. 6, 314-320 (1999).

Reynolds, P., Dmitriev, I., and Curiel, D. Insertion of an RGD motif into the HI loop of
adenovirus fiber protein alters the distribution of transgene expression of the systemically
administered vector. Gene Ther. 6, 1336-1339 (1999).

Bouri, K., Feero, W. G., Myerburg, M. M., Wickham, T. J., Kovesdi, I., Hoffman, E. P., and
Clemens, P. R. Polylysine modification of adenoviral fiber protein enhances muscle cell
transduction. Hum. Gene. Ther. 10, 1633-1640 (1999).

Belousova, N., Krendelchtchikova, V., Curiel, D. T., and Krasnykh, V. Modulation of adenovirus
vector tropism via incorporation of polypeptide ligands into the fiber protein. J. Virol. 76,
8621-8631 (2002).



98) Carswell, E. A, Old, L. J., Kassel, R. L., Green, S., Fiore, N., and Williamson, B. An
endotoxin-induced serum factor that causes necrosis of tumors. Proc. Natl. Acad. Sci. U.S.A. 72,
3666-3670 (1975).

99) Pennica, D., Nedwin, G. E., Hayflick, J. S., Seeburg, P. H., Derynck, R., Palladino, M. A., Kohr,
W. J., Aggarwal, B. B., and Goeddel, D. V. Human tumour necrosis factor: precursor structure,
expression and homology to lymphotoxin. Nature 312, 724-729 (1984).

100) Vassalli, P. The pathophysiology of tumor necrosis factors. Annu. Rev. Immunol. 10, 411-452
(1992).

101) Tracey, K. J. and Cerami, A. Tumor necrosis factor: a pleiotropic cytokine and therapeutic target.
Annu. Rev. Med. 45, 491-503 (1994).

102) Old, L. J. Tumor necrosis factor (TNF). Science 230, 630-632 (1985).

103) Debs, R. J., Fuchs, H. J., Philip, R., Brunette, E. N., Duzgunes, N., Shellito, J. E., Liggitt, D., and
Patton, J. R. Immunomodulatory and toxic effects of free and liposome-encapsulated tumor
necrosis factor a in rats. Cancer Res. 50, 375-380 (1990).

104) Sugarman, B. J., Aggarwal, B. B., Hass, P. E., Figari, I. S., Palladino, M. A., Jr, and Shepard, H.
M. Recombinant human tumor necrosis factor-a: effects on proliferation of normal and
transformed cells in vitro. Science 230, 943-945 (1985).

105) Chapman, P. B., Lester, T. J., Casper, E. S., Gabrilove, J. L., Wong, G. Y., Kempin, S. J., Gold, P.
J., Welt, S., Warren, R. S., Starnes, H. F,, Sherwin, S. A., Old, L. J., and Oettgen, H. F. Clinical
pharmacology of recombinant human tumor necrosis factor in patients with advanced cancer. J.
Clin. Oncol. 5, 1942-1951 (1987).

106) Sherman, M. L., Spriggs, D. R., Arthur, K. A., Imamura, K., Frei, E., 3rd, and Kufe, D. W.
Recombinant human tumor necrosis factor administered as a five-day continuous infusion in
cancer patients: phase | toxicity and effects on lipid metabolism. J. Clin. Oncol. 6, 344-350
(1988).

107) Taguchi, T. Phase | study of recombinant human tumor necrosis factor (rHu-TNF:PT-050).
Cancer Detect. Prev. 12, 561-572 (1988).

108) Creaven, P. J., Plager, J. E., Dupere, S., Huben, R. P., Takita, H., Mittelman, A., and Proefrock, A.
Phase | clinical trial of recombinant human tumor necrosis factor. Cancer Chemother. Pharmacol.
20, 137-144 (1987).

109) Furman, W. L., Strother, D., McClain, K., Bell, B., Leventhal, B., and Pratt, C. B. Phase I clinical
trial of recombinant human tumor necrosis factor in children with refractory solid tumors: a
Pediatric Oncology Group study. J. Clin. Oncol. 11, 2205-2210 (1993).

110) Gubler, U., Chua, A. O., Schoenhaut, D. S., Dwyer, C. M., McComas, W., Motyka, R., Nabavi,
N., Wolitzky, A. G, Quinn, P. M., Familletti, P. C., and Gately, M. K. Coexpression of two
distinct genes is required to generate secreted bioactive cytotoxic lymphocyte maturation factor.
Proc. Natl. Acad. Sci. U.S.A. 88, 4143-4147 (1991).

111) Wolf, S. F., Temple, P. A., Kobayashi, M., Young, D., Dicig, M., Lowe, L., Dzialo, R., Fitz, L.,
Ferenz, C., Hewick, R. M., Kelleher, K., Herrmann, S. T., Clark, S. C., Azzoni, L., Chan, S. H.,
Trinchieri, G,, and Perussia, B. Cloning of cDNA for natural Killer cell stimulatory factor, a
heterodimeric cytokine with multiple biologic effects on T and natural killer cells. J. Immunol.
146, 3074-3081 (1991).

112) Kobayashi, M., Fitz, L., Ryan, M., Hewick, R. M., Clark, S. C., Chan, S., Loudon, R., Sherman,
F., Perussia, B., and Trinchieri, G. Identification and purification of natural killer cell stimulatory
factor (NKSF), a cytokine with multiple biologic effects on human lymphocytes. J. Exp. Med.
170, 827-845 (1989).

113) Robertson, M. J., Soiffer, R. J., Wolf, S. F., Manley, T. J., Donahue, C., Young, D., Herrmann, S.
H., and Ritz, J. Response of human natural killer (NK) cells to NK cell stimulatory factor
(NKSF): cytolytic activity and proliferation of NK cells are differentially regulated by NKSF. J.
Exp. Med. 175, 779-788 (1992).

114) Brunda, M. J. Interleukin-12. J. Leukoc. Biol. 55, 280-288 (1994).

115) Chan, S. H., Perussia, B., Gupta, J. W., Kobayashi, M., Pospisil, M., Young, H. A., Wolf, S. F.,
Young, D., Clark, S. C., and Trinchieri, G. Induction of interferon-y production by natural killer
cell stimulatory factor: characterization of the responder cells and synergy with other inducers. J.
Exp. Med. 173, 869-879 (1991).



116) Chan, S. H., Kobayashi, M., Santoli, D., Perussia, B., and Trinchieri, G. Mechanisms of IFN-y
induction by natural killer cell stimulatory factor (NKSF/IL-12). Role of transcription and mRNA
stability in the synergistic interaction between NKSF and IL-2. J. Immunol. 148, 92-98 (1992).

117) Hsieh, C. S., Macatonia, S. E., Tripp, C. S., Wolf, S. F,, O’Garra, A., and Murphy, K. M.
Development of TH1 CD4" T cells through 1L-12 produced by Listeria-induced macrophages.
Science 260, 547-549 (1993).

118) Leonard, J. P., Sherman, M. L., Fisher, G. L., Buchanan, L. J., Larsen, G., Atkins, M. B., Sosman,
J. A., Dutcher, J. P., Vogelzang, N. J., and Ryan, J. L. Effects of single-dose interleukin-12
exposure on interleukin-12-associated toxicity and interferon-y production. Blood 90, 2541-2548
(1997).

119) Klatzmann, D. Gene therapy for metastatic malignant melanoma: evaluation of tolerance to
intratumoral injection of cells producing recombinant retroviruses carrying the herpes simplex
virus type 1 thymidine kinase gene, to be followed by ganciclovir administration. Hum. Gene
Ther. 7, 255-267 (1996).

120) Stewart, A. K., Lassam, N. J., Quirt, I. C., Bailey, D. J., Rotstein, L. E., Krajden, M., Dessureault,
S., Gallinger, S., Cappe, D., Wan, Y., Addison, C. L., Moen, R. C., Gauldie, J., and Graham, F. L.
Adenovector-mediated gene delivery of interleukin-2 in metastatic breast cancer and melanoma:
results of a phase 1 clinical trial. Gene Ther. 6, 350-363 (1999).

121) Rochlitz, C. F. Gene therapy of cancer. Swiss Med. WKkly. 131, 4-9 (2001).

122) Stopeck, A. T., Jones, A., Hersh, E. M., Thompson, J. A., Finucane, D. M., Gutheil, J. C., and
Gonzalez, R. Phase Il study of direct intralesional gene transfer of allovectin-7, an
HLA-B7/beta2-microglobulin DNA-liposome complex, in patients with metastatic melanoma.
Clin. Cancer Res. 7, 2285-2291 (2001).

123) Haranaka, K., Satomi, N., and Sakurai, A. Antitumor activity of murine tumor necrosis factor
(TNF) against transplanted murine tumors and heterotransplanted human tumors in nude mice.
Int. J. Cancer 34, 263-267 (1984).

124) Janik, P., Briand, P., and Hartmann, N. R. The effect of estrone-progesterone treatment on cell
proliferation kinetics of hormone-dependent GR mouse mammary tumors. Cancer Res. 35,
3698-3704 (1975).

125) Dialynas, D. P., Quan, Z. S., Wall, K. A., Pierres, A., Quintans, J., Loken, M. R., Pierres, M., and
Fitch, F. W. Characterization of the murine T cell surface molecule, designated L3T4, identified
by monoclonal antibody GK1.5: similarity of L3T4 to the human Leu-3/T4 molecule. J. Immunol.
131, 2445-2451 (1983).

126) Ledbetter, J. A. and Herzenberg, L. A. Xenogeneic monoclonal antibodies to mouse lymphoid
differentiation antigens. Immunol. Rev. 47, 63-90 (1979).

127) Volgmann, T., Klein-Struckmeier, A., and Mohr, H. A fluorescence-based assay for quantitation
of lymphokine-activated killer cell activity. J. Inmunol. Methods 119, 45-51 (1989).

128) Pacifici, R., Di Carlo, S., Bacosi, A., Altieri, 1., Pichini, S., and Zuccaro, P. Modified procedure
for labelling target cells in a europium release assay of natural killer cell activity. J. Immunol.
Methods 161, 135-137 (1993).

129) Haque, K., Truman, C., Dittmer, 1., Laundy, G., Denning-Kendall, P., Hows, J., Feest, T., and
Bradley, B. Modified cytotoxic T lymphocyte precursor frequency assay by measuring released
europium in a time resolved fluorometer. Arch. Immunol. Ther. Exp. 45, 37-42 (1997).

130) Cikes, M., Friberg, S., Jr, and Klein, G. Progressive loss of H-2 antigens with concomitant
increase of cell-surface antigen(s) determined by Moloney leukemia virus in cultured murine
lymphomas. J. Natl. Cancer Inst. 50, 347-362 (1973).

131) Okegawa, T., Pong, R. C., Li, Y., Bergelson, J. M., Sagalowsky, A. I., and Hsieh, J. T. The
mechanism of the growth-inhibitory effect of coxsackie and adenovirus receptor (CAR) on
human bladder cancer: a functional analysis of car protein structure. Cancer Res. 61, 6592-6600
(2001).

132) Rauen, K. A., Sudilovsky, D., Le, J. L., Chew, K. L., Hann, B., Weinberg, V., Schmitt, L. D., and
McCormick, F. Expression of the coxsackie adenovirus receptor in normal prostate and in
primary and metastatic prostate carcinoma: potential relevance to gene therapy. Cancer Res. 62,
3812-3818 (2002).

133) Haviv, Y. S., Blackwell, J. L., Kanerva, A., Nagi, P., Krasnykh, V., Dmitriev, ., Wang, M., Naito,
S., Lei, X., Hemminki, A., Carey, D., and Curiel, D. T. Adenoviral gene therapy for renal cancer



requires retargeting to alternative cellular receptors. Cancer Res. 62, 4273-4281 (2002).

134) Chattopadhyay, N. and Chatterjee, A. Studies on the expression of a,f3 integrin receptors in
non-malignant and malignant human cervical tumor tissues. J. Exp. Clin. Cancer Res. 20,
269-275 (2001).

135) Sachs, M. D., Rauen, K. A., Ramamurthy, M., Dodson, J. L., De Marzo, A. M., Putzi, M. J.,
Schoenberg, M. P., and Rodriguez, R. Integrin o, and coxsackie adenovirus receptor expression
in clinical bladder cancer. Urology 60, 531-536 (2002).

136) Kerr, J. S., Slee, A. M., and Mousa, S. A. The a, integrin antagonists as novel anticancer agents:
an update. Expert Opin. Investig. Drugs 11, 1765-1774 (2002).

137) Crystal, R. G., McElvaney, N. G,, Rosenfeld, M. A, Chu, C. S., Mastrangeli, A., Hay, J. G, Brody,
S. L., Jaffe, H. A, Eissa, N. T., and Danel, C. Administration of an adenovirus containing the
human CFTR cDNA to the respiratory tract of individuals with cystic fibrosis. Nat. Genet. 8,
42-51 (1994).

138) Barr, D., Tubb, J., Ferguson, D., Scaria, A., Lieber, A., Wilson, C., Perkins, J., and Kay, M. A.
Strain related variations in adenovirally mediated transgene expression from mouse hepatocytes
in vivo: comparisons between immunocompetent and immunodeficient inbred strains. Gene Ther.
2, 151-155 (1995).

139) Lieber, A., He, C. Y., Kirillova, I., and Kay, M. A. Recombinant adenoviruses with large deletions
generated by Cre-mediated excision exhibit different biological properties compared with
first-generation vectors in vitro and in vivo. J. Virol. 70, 8944-8960 (1996).

140) Lieber, A., He, C. Y., Meuse, L., Schowalter, D., Kirillova, 1., Winther, B., and Kay, M. A. The
role of Kupffer cell activation and viral gene expression in early liver toxicity after infusion of
recombinant adenovirus vectors. J. Virol. 71, 8798-8807 (1997).

141) Toloza, E. M., Hunt, K., Swisher, S., McBride, W., Lau, R., Pang, S., Rhoades, K., Drake, T.,
Belldegrun, A., Glaspy, J., and Economou, J. S. In vivo cancer gene therapy with a recombinant
interleukin-2 adenovirus vector. Cancer Gene Ther. 3, 11-17 (1996).

142) Mizuguchi, H., Koizumi, N., Hosono, T., Ishii-Watabe, A., Uchida, E., Utoguchi, N., Watanabe,
Y., and Hayakawa, T. CAR- or o, integrin-binding ablated adenovirus vectors, but not
fiber-modified vectors containing RGD peptide, do not change the systemic gene transfer
properties in mice. Gene Ther. 9, 769-776 (2002).

143) De Leeuw, A. M., Brouwer, A., and Knook, D. L. Sinusoidal endothelial cells of the liver: fine
structure and function in relation to age. J. Electron. Microsc. Tech. 14, 218-236 (1990).

144) Alemany, R., Suzuki, K., and Curiel, D. T. Blood clearance rates of adenovirus type 5 in mice. J.
Gen. Virol. 81, 2605-2609 (2000).

145) Smith, T. A., Idamakanti, N., Wright, P. M., Marshall-Neff, J., Rollence, M. L., Nemerow, G. R.,
Mech, C., Pinkstaff, A., Kaloss, M., Kaleko, M., and Stevenson, S. C. Heparan sulfate
proteoglycans, and not CAR or integrins, are the major receptors for hepatic adenoviral
transduction in vivo. Mol. Ther. 5, S149 (2002).

146) Brenner, M. Reports of adenovector “death” are greatly exaggerated. Mol. Ther. 1, 205 (2000).

147) Carmen, 1. H. A death in the laboratory: the politics of the Gelsinger aftermath. Mol. Ther. 3,
425-428 (2001).

148) Kay, M. A., Meuse, L., Gown, A. M., Linsley, P., Hollenbaugh, D., Aruffo, A., Ochs, H. D., and
Wilson, C. B. Transient immunomodulation with anti-CD40 ligand antibody and CTLAA4lg
enhances persistence and secondary adenovirus-mediated gene transfer into mouse liver. Proc.
Natl. Acad. Sci. U.S.A. 94, 4686-4691 (1997).

149) Natsume, A., Mizuno, M., Ryuke, Y., and Yoshida, J. Cationic liposome conjugation to
recombinant adenoviral vector reduces viral antigenicity. Jpn. J. Cancer Res. 91, 363-367 (2000).

150) Croyle, M. A., Chirmule, N., Zhang, Y., and Wilson, J. M. “Stealth” adenoviruses blunt
cell-mediated and humoral immune responses against the virus and allow for significant gene
expression upon readministration in the lung. J. Virol. 75, 4792-4801 (2001).

151) Ostapchuk, P. and Hearing, P. Pseudopackaging of adenovirus type 5 genomes into capsids
containing the hexon proteins of adenovirus serotypes B, D, or E. J. Virol. 75, 45-51 (2001).

152) Croyle, M. A., Chirmule, N., Zhang, Y., and Wilson, J. M. PEGylation of E1-deleted adenovirus
vectors allows significant gene expression on readministration to liver. Hum. Gene Ther. 13,
1887-1900 (2002).



153) Mizuno, M., Ryuke, Y., and Yoshida, J. Cationic liposomes conjugation to recombinant
adenoviral vectors containing herpes simplex virus thymidine kinase gene followed by
ganciclovir treatment reduces viral antigenicity and maintains antitumor activity in mouse
experimental glioma models. Cancer Gene Ther. 9, 825-829 (2002).

154) Sakhuja, K., Reddy, P. S., Ganesh, S., Cantaniag, F., Pattison, S., Limbach, P., Kayda, D. B.,
Kadan, M. J., Kaleko, M., and Connelly, S. Optimization of the generation and propagation of
gutless adenoviral vectors. Hum. Gene Ther. 14, 243-254 (2003).

155) Addison, C. L., Bramson, J. L., Hitt, M. M., Muller, W. J., Gauldie, J., and Graham, F. L.
Intratumoral coinjection of adenoviral vectors expressing IL-2 and 1L-12 results in enhanced
frequency of regression of injected and untreated distal tumors. Gene Ther. 5, 1400-1409 (1998).

156) Emtage, P. C., Wan, Y., Hitt, M., Graham, F. L., Muller, W. J., Zlotnik, A., and Gauldie, J.
Adenoviral vectors expressing lymphotactin and interleukin 2 or lymphotactin and interleukin 12
synergize to facilitate tumor regression in murine breast cancer models. Hum. Gene Ther. 10,
697-709 (1999).

157) Liu, Y. Huang, H., Saxena, A., and Xiang, J. Intratumoral coinjection of two adenoviral vectors
expressing functional interleukin-18 and inducible protein-10, respectively, synergizes to
facilitate regression of established tumors. Cancer Gene Ther. 9, 533-542 (2002).



	薬岡田f_2003-18161h.pdf
	本論文表紙.pdf
	目次.pdf

	本論文.pdf

