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Adenovirus vectors (Ad) have been frequently used for cancer gene therapy research because of their high gene
transduction efficiency. However, systemic administration of conventional Ad can lead to the acute accumulation of vi-
rus particles and transgene expression in the liver, which may cause severe hepatotoxicity. For these reasons, clinical ap-
plication of Ad for systemic administration has been limited, although intratumor administration of Ad has shown
marked antitumor effects. Therefore, to promote the application of Ad in systemic cancer gene therapy, especially
against the distant metastatic cancer, a novel Ad with marked accumulation in tumors and minimal hepatic distribution
is needed. From this perspective, bioconjugation with polyethylene glycol (PEGylation) to Ad surface is a promising
strategy, and we are trying to develop cancer targeted Ad by PEGylation approach. Through our study, we particularly
clarified that PEGylated Ad (PEG-Ad) with optimized PEG modification ratio exhibited the enhanced distribution and
gene expression in tumor tissue vig systemic injection, which was based on the enhanced permeability and retention
(EPR) effect. Moreover, PEG-Ad encoding therapeutic gene demonstrated not only stronger tumor-suppressive activity
but also fewer hepatotoxic side effects compared with conventional Ad. In addition, we further attempted the active tar-
geting using targeting ligand on the tip of PEG. We revealed that PEG-Ad with transferrin as a tumor targeting ligand
could transduce more efficiently into tumor cells, which express transferrin receptor, compared with conventional PEG-
Ad. In this symposium, I will present our approach for development of cancer targeted Ad by PEGylation.
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Fig. 1. Characteristics of PEGylated Ad

Table 1. Relationship between Degree of PEGylation and
Vector Size

Ratio? Modification ratio?  Vector size
(Ad : PEG) (%) (nm)

1 : 0 (unmodified) 0 113.3+0.8
1:25 10 120.6+0.6
1:100 34 123.8%=1.0
1:400 61 128.5+1.3
1 : 1600 89 137.6%+0.9
1 : 6400 100 148.2+1.5

a) Ad lysine residues : PEG (mol : mol). b) Signal intensity of
PEGylated hexon/ (signal intensity of PEGylated hexon+signal intensity
of unmodified hexon) X 100.
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Fig. 2. Blood Kinetics of PEG-Ad after Intravenous Injec-
tion
Normal female BALB/c mice were injected intravenously with 10!! par-
ticles of unmodified Ad or PEG-Ad with the modification ratios indicated.
The concentration of Ad in the blood (mean=+S.D., n=35) at various time
points was determined by real-time quantitative PCR.
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(Fig. 3). 512, BHWERDEK & 735 g~ D5
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LTHA1/B0LFICETHIHISNAZ. B MZBN
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Fig. 3. Tissue Distribution of Ad and PEG-Ad

Once the tumor diameter was approximately 7 mm, Meth-A tumor-
bearing mice were injected intravenously with 10!! particles of Ad or PEG-
Ad. Six hours after the injection, the tumor and liver tissues were harvested
and DNA extracted. The number of viral genomes in each sample was meas-
ured by real-time quantitative PCR. Data are presented as means+S.D. (n=
5, *p<<0.05, **p<0.01 compared with value for unmodified Ad).
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Fig. 4. Transgene Expression of Ad and PEG-Ad

Once the tumor diameter was approximately 7 mm, Meth-A tumor-
bearing mice were injected intravenously with 1010 particles of Ad or PEG-
Ad. After 48 h, each tissue was harvested, and luciferase activity was meas-
ured. Data are presented as means+S.E. (n=4, *p<{0.05 compared with
value for unmodified Ad). RLU, relative light units.

GBI ED invivo IZBITHBNLDHDHERMN
HELTWDLHDEEZOGND. F/-, EEBTE
b Emmn > - EM#E 100% @ PEG-Ad TlE,
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Fig. 5. Therapeutic Effectiveness of Systemically Injected
PEG-Ad-TNF« against Meth-A Tumors in Mice

PBS, 10'° particles of Ad expressing luciferase, or 10'° particles of Ad or
PEG-Ad (90% modification ratio) expressing TNF-a were injected into
Meth-A tumor-bearing mice (tumor diameter, about 8 mm). (A) Antitumor
effect of PEG-Ad after intravenous injection. Tumor volume was measured 2
or 3 times each week. Each point represents mean+S.E. (n=6 to 8, **p<C
0.01 compared with value for unmodified Ad). (B) Histopathologic analysis
of liver toxicity. Livers were harvested 48 h after injection of Ad, placed in
neutral 10% formalin, and then embedded in paraffin. Sections (5 um) were
prepared for hematoxylin and eosin staining and histopathologic examina-
tion. Original magnification, 300X. Arrows indicate vacuolation due to
hepatotoxicity.

ZRHW, NAFa>2a5— M Ad QIFEFEN AN
ONTERRE DY AIRIR I BT 2 IR REAM & 3l 2 7=
EHMNMAETIVTH S Meth-A HA A< ™7 XNk
9 %, Ad-TNFa Kk UMERZE 90% O PEG-Ad-TNFa
OHEBE R =B L7z (Fig. 5). Meth-A %A
XU, & Ad ZHEREHFIRNEG L, JEEERE
Z 3l U724 %, Ad-TNFo #5558 TlE, JEEHE
M2 hO—)LEEFR%ETH D HUEEENE<E
RINBM>7=DIZH L T, PEG-Ad-TNF« % 5%
Tl¥, Ad-TNFa %58 & ik U CF &7 E 5 8 H
KN ASN., SSITEEHAOREES LT A #
52 HH O EREMAESE BR L 2%, Ad-
TNFa 5B TIZZ < DY T AICBNT, HEED
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Y OB N AET IV T ZIZH LT, Ad-TNFa
J OME A2 90% @ PEG-Ad-TNFa O A H 1 2 &t
L. Ad Z228%5 1 ERRONMESE 10 = —%%
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O—)VEERH Rl TEBIn - —R3F LA E
B L 72 DIz L C, PEG-Ad-TNFa £ 58 Tl
BHE S O 0 Z— B OB A SNz (Data
not shown). DL EDERLD, bbb Wil
U 72 M35 B2 0 T fe it 7 IS B R 4 90 % @ PEG-Ad
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HDZENHLNERS T2 R, B A X
A9 2 mm & A AUTTEFR R ME FENREETHO
EPR I ENHFHTE2H 0D, 520 ZNETIZIHBE
MAITH LT EPR R R ZFEH L 7237w, L
o T, 5RIIEBEAD PEG-Ad BITHER E
s 2D D EEHIT, BIKTHRS/ME
ThdU NHESR EFZNDOEBNATTIVEE
DL —BOEBEBEROEMBNEEND. I 51T
1, BUEN BB TIREEKABR THAIN S B
BT HSVtk ©°, A MhA1 2 IL-12 Z W=tk
HbHiEDDET, A - ZeEMITXDENE
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— /T, ABRFZEEL, I6R5KEOLENLED
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1Z3X100 T AV AKF/RTATHD, EEAD
HHZEEZEE USSR, 3HL<ITIX10% U1 )L
ki1 /60kg &72%. 10" 71 )L 2K /60 kg T4
B E L -E4E, BamaiEER 248 < Eiikas
BINTWBHIEEEZDE, KDERBEETEDR)
RWCHUES R R & SRR IS T 2 BN D 2.
ZFDD, BED PEG-Ad I3Z#HMY —7 T 1 >
TWZXOGEEDREFKET2HDTH S0, fE
W5 —27 5 1 > 7 % e &9 2 RIS 4R 1 23 A+
B3N/ PEG-Ad OBFENEIN TS, A
BN S, Db e v TR A E R B PEG-
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RIF—=THHL FOTAINAXRNZ Y —L 2 FU
ANWARY H—=~OARY 7O0—F DiEH HHEEFICA
NTW5, X5, EFEAHICHFENED SN TN
% RIS VARIE T 1 )V A (IS MR BAYIC 3858 L C
Ml 2R RS %) NOEABEHI NS, EREER
TN ADBER, —EREDUA LA Z EFHHE
NEETHIEIZATENL, BITLETAILAMN
R A% CH O AR DR L, @R PiERE 2R
MHIRTESEVOIREEAL TS, 72 KRB
M5, EBEREY A I AT A7 T 0—F 0
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BENEDHDH LN, WD TEHEHENRBERETH S
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AR E T T8 5000 OE IR PEG 2@ L
727, PEG 2 FELEIRDEVIZK DIRNEIRESD
ERTRISEES R 2 T Foic TSI N
%, YIFRETIIBUE, AHFERRZEZEESLT,
RIz20T& - WIREHET 5 PEG [T X2tz
%I ETEMT % PEG ORI 2 Hig L2
KaEfEFTTHD., £/, A7 O —-FIIPEGIC
RS MOEms FIChINAERIENS, H5WY
LEENOHEANYHFEIND. YHIEETII,
Polyvinylpyrrolidone (PVP) 73 PEG X 0 H{EN /-
M Z2ET 5 2 &, 303 F 7= Bl Mg &
DR RICER T HHHET TZ2 D RNWHL T
WBHZEMS, W ERINGA TP Motk
EAEITL2EATEEATAHIET, K0EDME -
RMITENTEEENA AT 27— ME Ad
DFEMNHEEE BB EEZLNS. LIED>
T, G1%d 5 Q2T L THIIER & 7l g

IRNAF AP 2l — ME Ad Z3EHT 2121, E
RIZEEEE ST EZERL L LT, BRi%—in
vitro 1 fr T F8 BUIE PE—1f v i 84 1 — KL 7 0 i —in
vivo Ba T FIBE O M A E#E &2 F i 5 Z &
HELEZOND.,

5. EMFIEMMESFZEH5 L7 PEG-Ad DEIR
& HeRERT

AR, EG M CREMICHRIT 507152 <
FEIN, TNHICNT 25— T 1 T FaH
W I IVEEICHfENTFE N TWS, LR
> T, PEG-Ad ® PEG $H i 1 55 i i A B0 49
FicdT 25 =754 2T nTeMETENL,
EPR R IC K 2 G EMEME DM E/x £ PEG EAidD
FlRzf L DD, EEMLERNSEENSY —7 T
A UM ARRICR D EEZSNS. LM LENS,
PEG-Ad IZEFREMIRE &2 £ 5 L 2 filid D 7e <, ¥ —
T4 275 F O PEG AN DRE S KB ED
EERToBERETHD. T TET bbb,
FERY$E ML PEG-Ad O GBI [ 7= et & U
T, PEG#HEHmIZA > 727U izx U TR RN
iM% A9 %5 RGD X7F K (YGGRGDTP) 3436
%#ff5 L 7z PEG-Ad (RGD-PEG-Ad) D{E# %
B, ATV ARAERY ¥ —E L TOELETIE
B EmETdT 52 ETAY 7O0—F O HAMEZRT
L7z, 71 70%x7F > HRKRGCD X7 F R,
MAMIEZZ D% < OMIERIICEBT 51 > T
U2 EIEEITHEWEATEEZRL, T2 RYA h—
VARELORMOIAENS Z ENHSENTNS.
PEG %0~ D RGD X7 F RO#EHKEEL T
VX, TR I B TR D E TR EE & A T S I R b g PR A
PEG (5 ZHAWdHikENMENTNS
2, ABFFETIE PEG SO/ HOERHITHL T2 D
@D RGD X7 F RAERIN, WHOERENT I/
HAg A PEVE ML T & % N-hydoxy succinimidyl ester
(NHS) #4&79 %5 H » RGD-PEG-NHS Z L% &
F L7-. 7 RGD-PEG-NHS Tl, £HENIERT S
RTFRENWAED 2METH DI EM5, IR
fLEEN X V<G N2 b0 EMEINS. PEG
&Rl & FFRRIC Ad DINERSY XD ED ) 2 2 IRHE K
ONRKWMY I HEEZENELT, BiR36%D
RGD-PEG-Ad Z/E# L, CAR #HEDHE S 2
TR O ML 2 W TR T2 N LB BT
S ME AT 2 i A /- (Fig. 6). CAR [KFEH - 1
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-4 - unmodified-Ad

—6- PEG-Ad

Luciferase activity
(RLUjwell)

o 5000 10000 0 5000 10000
particles/cell

Fig. 6. Transduction Efficiency of RGD-PEG-Ad into A549
Cells and B16BL6 Cells
(A) A549 (2X10¢ cells) cells and (B) B16BL6 cells (2X10¢ cells) were
transduced with 300, 1000, 3000 or 10000 particles/cell of unmodified-Ad,
PEG-Ad, RGD-PEG-Ad or Ad-RGD, respectively. Luciferase expression
was measured after 24 h. Each point represents the mean+S.D. (n=3).

T EmFEHE O BI6BL6 M IC BWT, K&
fii Ad TIXERFHRIEEIZME <, PEG-Ad TiE&
S5IZWEEZ/RT— 5T, RGD-PEG-Ad 1F, #®
& Ad D7 100 %, PEG-Ad & 0 B EEE WilR
FRBEMEZ R L. 512, RGD-PEG-Ad 13
Ad DAV EREERT 5 7 7 A /)N—# 12 RGD B %
EHATZHIET, 42770 B/ LT
EWELE TR ZERARER T 7 A N—2—F >
~ Ad-RGD*¥% L[AED{E%ZEH T2 Z & AV
L7-. %7, RGD-PEG-Ad IZ &% & W\WEEFHEH
TEEIL, CAR &FE - A>T 7 U @B D A549
MRIZ BN THRRICHEZR SN /=, CAR KFEDLH
fizkt U T ZF EEmWBLR T RIS 2R T WG
A<, BEAERRIME D T2 Ad RIS BIER S
LAY 7O0—F0, BETEA - BERRITHERE
WENEHERTHD I ENRB NS, £, B
FE D RGD X7 F REIE FICBIT 2 H O HEFER
12X U, RGD-PEG-Ad 7 CAR &£ DfEHITL S
T, AT UEBERICHEAL GEETEAT S
Z LML TWS (Data not shown). AMf%ET
7= RGD-PEG-Ad I3, 25 OMRICHET 51
ST EBENE LU ENEREET )L Ad TH
D728, invitro BT D EBRFNTITEL TW5
HDD, invivo 2HHGITHB T HEKRNEREICET
LEHITERN, L LA, MHRERNRES
MZEET2ENEAES FEARY 7O0—F AT
%HZET, Ao - BEWITENENIERIE Ad
ZER UG5 ATReEDVRIB I 7z,

X7z, ARETIREHFEL 40% O RGD-PEG-Ad
EZRHWTWSA, bbbl RGD-PEG &A% D

KR, CAR (KA IS T 5 E T FHE
EMENMET 22 LR L TWD, ZOFEHETW
12, RGD-PEG ZH W T XD EWERIRD Ad Z21E
UL, YA RAYZD D RGD 43 FH < 2R
INDH T EITRD, RO T ENLE
BEETEANED AT HREMZREL Tna,
Iabb, BN FEMGELENM a2 D
27— Mt Ad DBEITIE, BREROBEKIZHEWN,
iR T OERANRS HN D210 TR,
Ad IZHT B HFIPUADN S DELGRAESH KT 2 &5
ABND T END, AFHEGTHENZE LR FRE
Ny —ELTRIETESREEEERL TS, £
7=, AW TIE#LL 7= RGD-PEG-Ad I3, EN/-iE
TEA - BEEEEZEL TV ZENS, EWfE
FEETIVE L TOEADAHIR 5T, Bin EEH
RNy H—=ELLTOHEMABAEETH 5. RGD-PEG-
Ad %, HRPUARELEEZEL DD, RGD &2/t L
THHOLHMBITEETEAVRETHD I EMND,
T - fR g - BB 52 E OB HICB W T,
kA Ad > Ad-RGD & b L THBIEOM LS
THICRIAD S EMEEIN 5.

Ad ITEMIELEEZ T 59 AL, INET
WHRA IR BHIETHRHNINTHEO, Ad & CAR &
DFEGZEHED 7 7 A IN—5 2N BTk & IR b
RTF RZ2BET LHEAITHAAD HIEDN R B A
BNTER. LLABNs, ZOHETEXRTFR
WIS U THZIZ AD 27 LB S 1R 2 JE M
JITHAT, #idE EoMENS A1 IV A EL TR
INTIBWEARBZ N, ISHIIRTF RAKDHE
EIEME S HEL THMENR T 57 — X HFHFE
U, WHHEOR CHEZIIATNWS. —7F, ARk
77 O—FIF, LFEMIZE KL ZENTE R PEG
ZHGED Ad EfEEESE 2 E W IEEITIAMEICE
NHETHS., £z, EIEXRTF Kb BRI E
BPEICE ATIREECTRURFIBEIR 2 & 5, TEMEIKT
HECEHWEEZSND, ABEANS S, EEEIW
H—=TF4 2B ENA AT Yar— 3>
DR, ALR770—-FThHHEEA5.

=TT 2TREAET D Ad EZHFET S ETHR
HEELON, ENEAES FOERTHD, 20
RICEALTIE, 77—V REEREZRRME U /2R R
PEDEWEER U TT > R o F ORI 7R PRR 15 e it
ThBEEZZ5NS. Ruoslahti 1%, AFHEITL
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D IEBFRAMERTF R, WBITHERTF RaEkkx
ISR 2 T 52X T F REBRIC L8 E
LTHD, 840 RY TO—FANHEGICHAEET
Hd. IoT, EWEAESTFELTHR (B0
mé$ﬁ#%)%ﬂ%?mi fE 7] - FRRMEIC
[BENZENERE ADd 288 TE2HDEEZ5
N5, ZOHE, ¥ I)NVEE PEG ez
BN ERT 5 Z SRR /=, RS S D
PEG MW, £94% 2 /\7E& PEG 2GS d /-
Db, ZOEAKRE Ad EGS®DZEERD.
AHEFICEL TS, WEEHSL L2 HERIZan
2, BELHRRICBNTHRAZED TWS, Z
NS EMFRAES T 2 5 L7z PEG-Ad 1E, E%
M - HHAR IR B RIER OB, RHENAPIERE
MATE EITH T DEEEAMEITIMA T, U2 T +—
RIS EDMERRD AR EZ2R SR E L ZBIETS
BADIGHBRREE D &G, BENKRERLRTF
BERANXY 5 =12 0155 HEZBO TS, L
Mo THEIL, M - MR RS AT
ZEEIRME D FERR L, Ak U2 BRI
IS E AR K 90% D PEG-Ad I T 5 & &6
IZ, PEG B —ERiR S THRRE—IRNE)
RE—E G T RSO AEEEZHSNCT DI L
T, BEENNY —7 T 1 > 7 IR EN AL Ad
NAMTEZ2HDEMFBEINS.

6. HHYIC

RAN =0 T ZARREDZ, HHERT O
HEMREAM SR I HICHED 2 & T, BEER T OE
WFRGHICHEMT 52 2 ENTHREINS. ZOLIRE
BNS, SROBLETREOERLE —~EOHIEIC
M CORKOEIL, BWketz2HEL oD, H
HELT 2L BRI BRI <HEAL, “ELT
RS EHDLBEETEAFN (X775 —) ORFEIC
HDHEEZD. AT, AdoONIFa> P
F—3 3 VICET BIRRIREITICE D, ALV
NI H—=ZBWTHR R Ee b, ZE8NY—T T«
D EEEML Ad DRIBIZRIIL, X5
AR 7 — %ML UREBINSY —7 51 > 712
B LEMEREZRLEZ. ZOXDBHFHRRY H —
%%%uﬁbt%%%@%%ﬁ%%ﬁ BT JS
U 7= fiii 72 DDS (fR N @& -Eh?%ﬁ%@)%
FIELIEDNT Y —FREHIATRTH D, THITX
0 W) TIRMRHIE 2 I T A B s (5 PRI YR

HTZ2b0EBZEZ26N5. E£z, AFFEEARID
PEG D AIZ & E & 6Tk & I REME B i 5 40 71
HAWETHD, BEFHERAD (774 N—=3
a—4 > b Ad-gutless Ad 72 &) , L hOowAa
WARYD & —, BIZERIE Ad R EDEHIE N
& —IZR U TR RER BN TH 5. S5
BATIE - R ITENZENE TS T2 2R L,
FRAYFR A 59 ?@F#E@mﬁm%abtébﬁé
HEFHMEZK D, ISICELETHREICLDZRY Y —
PIFEHEIE ST 52 8T, 50 SHEEENE
L 15 % B 72 R FR MM Ad OBAFEFIREIC/R 5
b LHIFINS.

BEE O ARFZEICKE L, RGD-PEG %t 5.JHW\=
T 2 58 K22 IR — 202, i G100 AR R B
LET.
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