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Ak, B - BREOETEERME LIEMBEOEEEKTHY, HAOMBEIZENWZ
Ry NI =0 R LR LEMEOEEREZHIE LTS, ZobMil, BLx0Y
A MIAROFNVEY, HRMEWE, BENFREOELELZELT, Saksibrifs
RERIZHIRL, BRI TWS. @, EaF0bMRMICBELREESECEZESI
i3, MR IO ORRAREHEEMBEREOEELZBLT, BEHBMNOLEBE - BT
SETWS. ZOX 5 REMEDOEMETHE - BEEET EERNTERSIZEbLS#ETF
BN A T TIIGE, EYREORELZ B9 DDS (Drug Delivery System : 3#5%
BEVAT L) OBBZDOLDEEZ BNS. MEIZARNICEEANORALDEHREZ v v
F L, FNITIH U ThRAZREBIERDE 2 0 BRRHC, HDERBETERL, BT 5%
Y, ¥Xi2DDS OEER HENIZETL TR AKTHE L1 3. BETDhTNS
HURERY, TNOHHEEORY NT—2 - RAZT ARV A ER LIIBEETHD o,
ESLTHERICADERAZDRIETZ Lick3. —F, BRIZS2IE, BETRERY
%, MfROWRERBMiTDZ itk iR 2Rl v L, FhzitHTAZ L
RE-THFESIREZHFTILOTHY, Hilgzh L TERBOBRERITI LI EKT,
WHIX Cell Therapy & DN REFH LWV X DEMBELTRRTDHZ LR aEEL i
5. AFEIZX EHERIZBWTDDS OF2%2EE L THh5HildOBEE2 S RRRIZFIA L
EbDTHY, ZOFKIZLBHBIZ, WHIETMEEAL IPEREFDLENE LS. Z
DX 5 RMBEHANIC X B2 EWHEX, ERIMIZBWTOREY L7 3 A G E R Y
RELEIEDRILNTERILY, ZOEABOHEGIZ2OHEEBRZ L0b, BBD
DDS #A L2 55bnEEXBNS.

L2L, ZOX 52BN THROBREZBH LY, BITT5dicid, MlRNICEER
REHE, RIF RRLOBS FUELERIGRET IEMN 2RI ILERDS. Ml
FEHFOEEREZHERTIZDICMIREL NI ANV T—2HFLTRY, MlRA~OES T+
WEOBITIIBBCHBAENTNS. ZRETHWORTWAHIA~OWE EAKIZE
2, =402V aDL s RMERRFEEANMALEY, LESE— - UHY
R, $UR - S 0BBREFALT, VY HY A SERZWESR, keS8
BE, =2 P A PV ARHTHIREANEZLEL Y LTBHH0THo. LHrL, Z0D
X ORFHETE, KEOHEZ —EITUETERNI L, MIRNEAMERS LAY ) —
ABRIZX > THEEZIT, MIREN~OMEBITRELLBITE LV RARSD -
Tz.

ZZTERIL, MREENOIANYT—%, MREEEEMES Ze2<, BRI
Y BT 5T ERTRRERE YV RY —AD0BBETo. VRY — A%, EBER
SOY VIREISRY, NHICEARMEZKEBIZHATESZ L5, Drug Delivery
System (DDS : 3WkES AT A) KB 2EWERME L L TRAHIREINLTHNS. L
PLERS, VRY —AIX ML OBERINENS 2, Ex, BRIk %
5L, BBAICHREERCEASSETYS, = RS b= ZRBTHRAIERYIAE
N5, DERORNHREA~OHERAZTERY. —7, BVFA VA NVAZIZT
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hetirrRu—7 - A NVAR, BRIV EBFOREFEHBRIZEAL, &S
LTHY, VRY—AREVEALS A NVAOBRERENEGTHZ ENTENR, EX
SVRBRY —ANOWBELHENICEETIZ ENTESEEZIHND.

KIHLTIE, BVEATAANARYIRY —L L HEETE LV HELZFA LT,
U REATALNREVRY —LADREICEVHIRE OBEEEEZET DU RY — & (S
URY — L) OBFEET- 7 (Figl). 51T, ERMAVRY —A2Z&BHL, Z0W
HALEROWE, PR ELEONMCT S E b, BEEYRY —AD0EHE, s
FEBARY Z—L LTOMWE, ZOEIRBE~DIBIZONWTRE L.

Sendai virus Liposome

{¥®

Liposome Fusogenic Y Fusion

Liposome
)

Endocytosis Fusion

ee ., Plasma

f Lysosome *+°* membrane

Cytoplasm ‘

O Direct injection
* — Nucleus
Degradation

Fig.1 Schematic representation of transfection of
liposome and fusogenic liposome




B2 BEREYRY-LORFR

¥ L & A 74 VA& (Sendai virus & B WiZ HVJ (hemagglutinating virus of Japan)) i3,
RGIVIIANRABIRBT I R —72HT5—FHEDO<A T AP RNA T A VR
THY, HBEIIIME L OEER L UEA %2 5 HN (hemagglutinin and neuraminidase)
BHE L F(fusion) BHEZHELTNS. EUE AL 94 NV ZAOMBA~DREYIY, HNEH
BIZ L D94V ADHKEA~DRE &, FRIZEIERNTRZ S FEAEIZ X 2MiEE L
OREIZ &V BIEFHIHEAIZBATSE Z LIRX > TRILT B, 2 F A T4 N RITT
LRI COBEENIEEIZ L (BBEN 1 HH720H 1 mg OBHETA NV ZAHBERTE ),
LBOVANAERPICBDZLNTE, $pHZEOTHEBANBERIND Z LR D,
M TEEAMOBRRIZIZ S o THOF O TH S.

1979 4, Uchida 5137, ¥V XA YA NV ADHNEHE ¢ FEHE.R Y VIFEFEIL
REEREATUEL, VAN ABHEZERARZETIIRY —L2BEBRIESZL
ZEVERL, Z20VRY —ABMRREDBAREEETIZLERLE. LAL, BHER
WZEOESLEZYRY —ATIE, VRY —LANBBICHATIVERRFBRHDZ L0, U
RY — A~OWEEH AENRERITBENT &, ERENEETH VERAESEE LR NE
Wo e RENRH o . X 5 1985 4F Nakanishi 5132, BV XA TA NV R E VRV — L%
37°CTCRIBERBZ LIzLY, WMENRL S X —IHKENICEE L, F0RMAeMMIiE
LEATXBILRRMHLE. 208, Bangham Hiz k> TR ENAMEDIZ LY
VEBLEZEEYRY —LEEVEATANAEREEE, RRIEOEVEAL TL NV A
EHZENERMECIVRELEE VAL TANAR - VR —A (BVEA T NVAIZ
Hemagglutination Virus of Japan (HVJ]) &IN5 72 HVI-URY —A Wbt T
%) REFE A N2, invivo DI~ DOAREZF OB LEE SN 5101D. L
PLERS, ZNHDYRY —ARBEINTELY, Mgl ORMEREREIRVEED
YRV —LEZEATNSES %, VRY —LABHOY A XEOWENFEELLAE—ThH o7
728, HIBENA~NOMEEANRELHOPIZTEZ EBAARETHoT. Fh, VRY—
ALLTEEBEYRY —22AVTWAERYD, VRY —LAR~OBIETHAGENESL,
BETREDROSLRIMENHETE . ERMESYRY —228K&NICE hORIET
BEZICHWD 2T, RN WEERBYEL, BHE - LZRNEESZEL TS L
R, BHLUTAREREYZHRE, BEENERBILTEIRERAREFEHICTLERDD
LEZBNS.

FITES, VRY —22—HEPLRY, ESXTFHEILES FUEICES ETHE
I MBEHATERZ LBRALN TV AU BEFBETHERLE. &b, VRY—AD
P A RERELIEBELVEATANAERBREE, REIEOEVEATANVAEYRY —
AERNT, —CHL OMEGEEEET S URY —A (EEAE Y RY — L) ORZETE
ICHESIT 2 2 2R AT, FRHZ, EEEY RY —A0WBELZNHEERZHOPCTS L
bz, REAEEDERRITo .

3-



B8 FER&YRY —L20KH

BUEATDANRAEYRY —L (BER200nm DIANE—5BLTHA X EFA2 T
D) i, VA XEEFELNWD, HERERRZZEBHAL, LR (Fig2). 22T,
HEOEEFHA LTV EATANARLYRY —AOBEM THIEMEY RY — 2 %5
EREHT B AR

¥, BRHINEVEATANREVRY —AOREM L EZ DNANHEIIC, B
A TANVAER, BIOYRY —AHROEKT ZEA TNEINPE 5 POEREZIT- T2
ZDW, BUEATANAHROERS OMERDTZHIZIE, HNEHEDERTH S
Neuraminidase {E¥21EEIC L, UV RY — ABHRORST OFERDTzHITIX, HAEPN CTHRE
NI K, VRY —AEIH U TRV [PH] cholesteryl hexadecyl ether 139G U
RY —ASALL, ZORGTEE2ISEICEEM L 7z,

SHIT, FEMEYRY —AN, Bt EATANAE VR —ABMHELTHNBEDT
3R<, BBIREIVELZODTHDZ LAEENIZHHTAZD, VRY —AICKY S
VVERAL BVEATUANALRIBERTTELEME ) RY —ADIYA N AEHE
%, SDS-RYVTZ7YNT I RFNVERIKE TN Lz, B2 EA AN RIZXERTIC
HNZEZEHHEL FEHELZAL, NHITIZIRNA, BEAETHD NPEHE, EOBT
LEABETHLE MEHE, RIVAS—FOPEHEREATNEY, NYUFLrvDk)
RESTWEIZ, BMTREIANVARNRICADZ LI TERNDT, BEE Y RY —LH
WOBHER N 7V OEREZTTHESRLTOIIE, BV AL TS NVREURY —
LABEE LIEEEN) Y URIANABHEBRER LI EBEZ DS,

EBRMEL L HE

(1) B EAL T4 N ADFE
t/&%ﬁ%na&zﬁﬂmﬁﬂ%ﬁ?%ﬁbt@%bxamﬁélmmﬁﬁﬁbt%
D) ZWL 10 BEO=U MY BHEINZ 0.1 ml FEREL, 4 HREI35.5°C THERB LK, 4°C
TSR ERE, BRELISREZEIRLE. B2 A TN ARERT S iz, K
BLEOREE 1,300 T100H@EL L, EER2AT Y 7HEZEANEEDL (50 %,
30 % (wiv) FEBE/BSS(-) (10 mM Tris, 150 mM NaCl, pH 7.6)) (R 7 <> SW28, 24,000
rom, 4°C, 1K), 50 % & 30 % BB OBERIZS B X4 4 VA ZBEIR L 7.
BUEA VAN RERED (22,0008, 4°C, 1K) LTBSS(-) IZBEL, 4°C THRETS
B, 5 10 % Dimethyl sulfoxide 727 F T -80 °C EL T THfERE LTz

(2) VRY —ADFHH
ERRAT77FINa) v (PO) (BAMAE), L-a-YIVRAMMAKATyFIUE
(PA) (BHAHIR), BEUaL A5 a—/1 (Chol) (FIeHiZk) #4:1:5(FEAK) It2Bd &
SRV ZFNT—FTN - Truna XE B (53:47 (V) ZEB» L, SHEREDOE
BT RURRE Y RY — A2 EH e, $hbb, IRERMK 1 ml % BSS(-) 03 ml &iE
&L, 77 BAY TS5 T 4 V& — (02 pm) (ADVANTEC) B L TEw A Y a3y
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PEHEL, v—&%Y— ZARL—F—2FHWTHERBBEEZRELEZ. Z0%, BSS(-)
Zlmlmz, RY I—KRKRx— b7 1 V& — (0.2 pm) (Nuclepore) ZHNWTH AL X%
fi L7ctk, AT v FHEFEEE AR (15 % REBE/BSS(-) (N> 7 <> SW28.1, 24,000
rpm, 4°C, 3043) IZTURY —AEEH L.
(3) B EALATANREYRY —AEDRIL

U EA T AR (OD540 (540 nm IZBIT A EE)=4.0)05ml & URY — A
(OD540=2.0) 1.0 ml Z{B& L, 37°C T2 S ¥ (L& PERIIEHTB). &Y
EATANRELYRY —ADREETHIERME Y RY —ADOBHEHRTH DT, K
% 50 % (2.5 ml), 30 % (6 ml), 12 % (6 ml) #EBE/BSS(-) » LIz dH:, 24,000 rpm,
4°C T2 (Ry 7= SW28.1) & LTz (RT v THEBBERAEELD). FO%, BE
DRWIEIZF 22— DEPS 20 D757 ¥ a3y (& 08ml) i24), ODsw ZHIELT.

DRY —ADIRE D F~)VkiziE, [PH] cholesteryl hexadecyl ether 1) (0.30 pCi/ml; &5
—{tF) ZHV.
( 4) Neuraminidase 3G DHIE

U Z A A NV AD Neuraminidase 7E#EIZ, Sodium (4-Methylumbelliferyl- @ -D-N-
acetylneuraminate) 228 & U TH Wz Potier 5 DF 0 % —HkE L THIE L.
(5) PUZYUVEAYVRY —A2ZRAVEEY AL TANVARE Y RY — LD DIERRLD

N7V HAYRY — AZKREE & LT BSS(-) (pH 8.0) #HW, Z Ziz 12,000
BAEE unit/ml @ b Y 73> (Worthington Biochemical) & 0.3 % MiET7T VT I Vv
(bovine serum albumin; BSA) ¥ L, RICBA_EZHEICTER L. READORNY 7
TULED (Ry <2 SW28.1, 24,000rpm, 4°C, 304) I CTHELE. MY AV UH
AVRY =B EBVEALATANAE3TC TlLRERIESE, ATy 7HEBEEAEGED
ZEVEVEALATANR - URY —LfiEHE (BEEEVRY —2) 2RELE. VRY —
AEEVEALATANVAORINE, VRV —APRBRHELEN) 7PV izl E 494
WABHIALEN B Z L2 <), HAZINERN) XY v e+ TE 580
soybean trypsin inhibitor (Sigma) FEF Tiro7. BHELEEVEATANR - YRY —
ARt EHE I HIZ37C T2RMRIEEE, BLEBETTI%SDS-RITZIUAT IR
PN ERKE 2oz, BRIKEH, commassie brilliant blue iZ THREZITV,
Macintosh (Apple) @ NIH Image verl.44 (NIH, Research Service Branch) iZCTA A —Y
v IR o T2,

» d

VRV —L, VRI—LEEVELTANADRE R, BIOEVEL TSN RE, R
Ty FREBEENIEOTRE L EDE TS5 7> 3> d 0Ds4 % Fig2 itRd. UR
V— A%, $95 % FEEEEEIHE (LLERN 1.02) THDE757v 3 1895 20
DTop 7527 avit, BYZA A NRIIK 40 % EEZEERERSE (HER 1.17) 0
75233y 3InbSOBottom 757y aviEELTWE. — K, VRY—ALEY
EALTANVADRKEINE, VERY —ABHEDTop 7577 aveerEA4 A VAHE
D Bottom 757 ¥ avigz, VRV —AEBUEATANADOHBIOR 22 % HEFEHE
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P One mililiter of liposomes with ODs40 of 2.0 was

o— Sendai virus incubated with 0.5 ml of Sendai virus with ODsa0

. of 4.0 at 37 °C for 2 h with gentle shaking. Then

= the solution was centrifuged by stepwise sucrose

8 gradient centrifugation (@). As a control, 1 ml of

o) liposomes with ODs40 of 2.0 (A) and 0.5 ml of

Sendai virus with ODs40 of 4.0 (O) were also
centrifuged. Each franction was collected from
the bottom of the tube and ODs40 was
measured.

"0 2 4 6 810 12 14 16 18 20
Fraction Number

EEESE (LER1.09) THBE 75733 1005 120 Middle 757 ¥ 3 Iz bhid
NEELTWE., ZRHORERIT, VRV —A L ZA TN ARRINERDZ LICE
D, VRY —ARLEBVEA VA NAREZHLNCRR TR FRELTNWBEZ ¢ %2RLT
Wb, BT, FfiZECEMIddle 7573 avidVRY =22V EALTALIVADD
) EhEORETHEZ D, VR —LEBVEALSTANANL: 1 DRTEHEL
TRAEEAA THAREENRIRINE. ERZOK, 7573 av 1005 12ICHFE
THDRFOEEIL, 2EOBED18% Tholk.

FZTRIZ, Middle 757 ¥ a VIZFETDRFD, URY —LLEEALTANA
DOREMTHINE S DETRDBED, ZOT75 73 a3 icVRY—ABIOEIVEA Y
A NVAHKDOEEDIBEENTNBENE S P ONTHRE L. Fig3id, XA 04
NVA, BEORIVRY—AE2VEALTANADRE %, AT 7 RS E A BlE L TUL
BLiLE D757 ard Neuraminidase iEME%, Figd iU RY —4, BEORUR
V=—AEe U EATANADOR RN, AT Y THEBEHEARELTUE L EZDRT
5733yl RV —AEDRO [PH] cholesteryl hexadecyl ether (2 3T 2 BTS2 R
L7ZbDTHhHB. U EAL A NADEE, Neuraminidase iEMH:IZ ODs40 PRBRH Sz
Bottom 757 ¥ a VILOABEINTZDOIIH L, VRY —AEEVZ AL TANVADOKIL
WMTIx, BUEAATANADED Bottom 75 7Y avé, VRY—ALEVEALTA )L
ADREHEEA TR EEZ BN Middle 757 a Vit bBBENZ. —F, VR
Y —AICHRT HHATEREIL, VRY —ABBTRIRY —LHEDOTop 757 a3y
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Middle
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s0b —o— Sendai virus

40
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ini

Neuram

10 12 14 16 18 20
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Fig.3 Neuraminidase activity of the fractions after
stepwise sucrose gradient centrifugation

One mililiter of liposomes with ODs40 of 2.0 was
incubated with 0.5 ml of Sendai virus with ODs40 of 4.0
at 37 °C for 2 h with gentle shaking. Then the solution
was centrifuged by stepwise sucrose gradient
centrifugation (@). As a control, 0.5 ml of Sendai
virus with ODs4o0 of 4.0 (O) were also centrifuged.
Each franction was collected from the bottom of the
tube and neuraminidase activity was measured.

(A)

Optical Density

Optical Density

1 2 3

[3H]-Cholesteryl hexadecyl ether (dpm / 0.8 ml)

Bottom Middle Top
— 1 1T 1
70000 LN LA AN AN L G R BN N R
65000 - —o— Liposome
60000 |-
4 £ 4
20000 |-

15000

10000

5000

Liposome +
Sendai virus

30000

25000 .

10000
7500
5000

2500

0 2 4 6 8 10 12 14 16 18 20
Fraction Number

Fig.4 Radioactivity of [3H]-cholesteryl hexadecyl
ether of the fractions after stepwise sucrose
gradient centrifugation

One mililiter of the liposomes labeled with [3H]-
cholesteryl hexadecyl ether with ODs4o of 2.0 was
incubated with 0.5 ml of Sendai virus with ODs40 of 4.0
at 37 °C for 2 h with gentle shaking. Then the solution
was centrifuged by stepwise sucrose gradient
centrifugation (@). As a control, 1 ml of liposomes
with ODsa4o0 of 2.0 (O) were also centrifuged. Each
franction was collected from the bottom of the tube
and radioactivity was measured.

(B)

1 P, HANA /1T F M/\
Distance moved —&
2)

F
NP M
HANA {\ /\
)

Distance moved —&

Fig. 5 Electrophoretic analysis of Sendai virus-liposome complex

Sendai virus was incubated with liposomes containing 12,000 BAEE units/ml of trypsin or
empty liposomes at 37 °C for 2 h. Sendai virus-liposome complex was purified by
stepwise sucrose gradient centrifugation. Then, 130 pg of protein of each sample was
applied to SDS-polyacrylamide gel (9 %) after boiling for 3 min in the presence of 2.5 % of
2-mercaptoethanol, and was stained with Coomassie Brilliant Blue (A). Densitography
analysis was performed by NIH-image attaching Apple Macintosh computer (B).

(lane 1) Molecular weight marker

(lane 2) Complex of Sendai virus and liposomes containing trypsin
(lane 3) Complex of Sendai virus and empty liposomes
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KDAFELTWEDIZHRHL, VRY -2 EVEALTANVADORIRMITIX, Top 75
r¥ayv, Midde 75273y, BLXUBottom 7527 3 DR TOHEITHEELT
W, ZThbOFERIZ, Middle 757 avicid, BV EAL A NVRIZHEKT B L,
VRY —AICHKTEIRTDOHEELEATNEZ LERLTRY, ZOHEN, X4
TANREVRY —AOMAEKRTHIEMEY RY —LTHILARENEZ DT

Bottom 757 ¥ a ViZ U RY —AICHR T HIRHABEERA NI Z &I, T4 XD/D
EVYRY =N 02um D74 NVE—%BLTIYRY — LDV A XEFHH L THDEHR,
RERYRY —EADOVA X2BNWEFET T, 02um LTO/NIRIRY —AIZEATH
B)BVEATANALBEL, BABOHELLTREV AL TANVALEDEVEDDS
BRIP-STRTFEEATVWRILERB LD EEZ BT,

INETORENLD, Midde 7527 avd, VRY—LEEVEAL A NVADREE
BTHBHEMEY RY — L THILREENEI RRINTEA, TNBRYIZYRY -4k
TURATANADREHETHIPE FPIZOVTIZHLATIZRWY. Thbb, B3
WEDEASRTHDRENENEZ bNS. #2C Middle 757y arvRYRY —At
VU RA T NVADBERTH D PEPOBRE 21T o (Figs). ZOYVRY —A%EtEY
EATDANAERNERELEDOMiddle 757 Y avk, SDS-RUTZUAT I KL
BRXKETHRETSE L, BV EATANVADPEHE (F& 79,000, HNZEHE (4F
£ 72,000), NP EHE (4F& 60,000), F1EHE (4F& 51,500, MEHE (+E
34,000) ODNRY RHZ BN, MV TV VEBALEIRY —ALEBVEAL AN R
ERIGESRREETIE, VANVANTIZEFEETS P, NP, MEHERHEILINL TV .
BATWETHD N VL, @BEOREBTRIANANRIZANBRNZ L, URY —
ALt XL 74N AORISEKEFIZIX soybean trypsin inhibitor X4 ENTEY, U R
V—AOMINZIZALEHDODB N PV UVIFAENTOWRNWZ L 2E25 L, VRY —
LAAREAENTNB NIV UN, VRV —ALEVEAL VA NVADREILE >TYUA
NARTBIZAY, TANZARMOBHEIRKH LTHERLE DEEXBNS. ThED,
Middle 757 ¥ a VIZEENDR I, VRY —A LV XA TANVAOMERTHD
TEBNHLNER ST

HEDKR, EHFENREOCEZMATIZLIZEY, VRY —ALEVEA AN
ADISIPSEE LRI oIV RY — A LBV EAL TANAERE, BEOREETD
BIREE Y RY —ADHETRTERTDHZ LITRII L.

BE BEEEYRY —LA0WmE - LENEE

BIEicBNT, HEOBEWERFATEZ LIckY, BV EALTALNREYVRY —LDK
B, MEOMEERTHIBERHE Y RY — 2RI TAZ LRI LE. £Z
T, EREVRY —AOWHE - LBMEZHLPICT D, EVEAL AN, UR
Y —5A, BEEEVRY —LAONFRIAIE BIUETFEMRBERICIIBRHE2T L.
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KRR & H

(1) BFRRAIE

BUEATANR, —BIBEYVRY —A, BEOCEVEAS TS NRAL—KEYRY —AD
MERTHAERMEY RY —2%, L —P—KEFELE (Sub-micron particle analyzer
model N4SD; COULTER) Thi 2% EH LTz,

(2) BTHEMEEE

BUEATANA, IRV RY —A, BIXOEBEVRY —2%225% TN E—AT
NTE R/01IM Y VEBRER (pH7.4) T4°C, 2BEEREL, S 5I21%Uigibd Z3
7 A /0075M Y VERREENR (DH 7.4) T4°C, 2BBERE Lz, 10 % B kg < 5
Vet 2% BT S =)V CTHRE, 2KMAE L. =& ) — A Bk, =R3F AL,
ERBIE M CTHE L.

(3) ZDMDERRFE

RS YR — DBV EAL TANRIZHRTZEAERIL, FMET L7 I (BSA)
ZE¥EWE & U T Bio-Rad protein assay kit (Bio-Rad)# iV CHIE L.

BERA U RY —ADE VXA T4 N RICHET B RINBEEEMIT, Kato &OFHED
U THRE L.

Y g
i® >

Fig6iZ, VRY —&, BVEATANR, BIOEREYRY —LDNFEE, L—
P—HBELE TN LIEERZ2RT. URY —4, BEVEA 9L NV RAOEERTFRIZEN
Zi 304nm, 332nm THEHIDICH L, EEEY RY —ATHEN1:1 OLTEE L
EEZ6N33791m THoT.

INHONFR2BEFEMETERTS L (Fig7), BRIhZEME Y RY —ATEY
AL TANREEENRLTRY, BERMICITME L OFKE - BERITR 5 AN JEEN
BREIn. LaL, BVEAS AN AONRITIIHBRZRRZX 7V EFv v 7Y RBE
TELTWADIZH L, BERMEYRY —LAOWHIZIIX 7L EFy v 7Y RO—RBBBE X
NBbOD, KEMZVRY —AICHKRTEIEFRTLEDON TV .

INHORERPS, BRIEVRY =A%, BV EALATANARTFLYRY —AN1:1
DHTHME L TTERIZEH —RENRERTHRLTHY, FORMEIELTL VA
DANL VEBEZE LR L THDZ EBRHLNZR -T2

e, B EAL A NVANODs40=1.0 5721, 1.0mgml DEHEZEATNED|T
ML, HEEEYRY —A1Z0Ds40=1.0H7% v, 078 mgml DEHEEZAA Tz, RKifL
BRIBETRHEICOVWTIE, BEE Y RY —AXE U F A4 94 VR ER%D 15,000
hemagglutinating units (HAU)/ml 2R LTz. TINOHDFEERNLH D, BEEES Y RV —ARN
BURATANVAHARDANRAS VEABERBE LIEANFTHDZ ERRBENT.



Liposome

20 Av.d = 304 nm
15t

10

5t

0

- Sandal virus

Av.d =379 nm

20 Sendali virus
Av.d =332 nm

Number of particles (% of total)
=

100 200 400 600 1000
Diameter (nm)

Fig.6 Diameter of liposome, fusogenic liposome,
and Sendai virus

Diameter of the liposomes sized with 0.2 ym of
polycarbonate membrane, fusogenic liposomes, and
Sendai virus were measured with submicron particle
analyzer.

Fig.7 Structure of unilamellar liposome (A), unilamellar fusogenic
liposome (B) and Sendali virus (C). Scale bar, 100 nm.
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BEE UOTFIVTERTIIAY N ARAVE, BRIE Y RY — AR L Rt & RE
DA

BUEATANAE Y RY —AOBAICEVETU N F (BEREVRY —2) 2, &Y
EALTANAREFRRIZ, HE~OBETFEEEZB L TVARNE SPrE2FAD ), BERsY
R — AR VT7TITERIZTZ AV M A (DTA) (FFER 62,000) 2 A L, FHER
REFARD Z LIz & RALERE % 30 L /=

DTAWZ, V77 VTHIRE>TEEAINDIV 7FITHEEDATISITAVNTHY,
17 CTOHHBENIREAIINE, BHEARRORY R7F REEERF elongation
factor 2 (EF-2) %# ADP-U R WAL TR Z LItk o TEHEARZIHEL, MlEriEEX
BRI LW TELRNBBRETHABY), LrLend, 79520 AR, SRS
HHIE EOBRL 72 —%85 - B#;L, 757 A0 M A ZHMBNIEV AL E %
LTW3T75 7 A FBEROVTWS Y, BMTIIMENIZASZ ENRTERN. £
Dled, VRY —AZHASINTZ DTA L, ERSIZX Y MIENICEA SR TS
{BHEE2RERNZ LIZRD. ZDX5iT, DTARYRY —AIZ X 5MBEER~OWE
BAZIMTE~—b—¢ LTHEBENTHETHS.

¥, ERMEYRY —AOBEBAREN, BV EFA TS NADZ L Re—FEHETHS
HNZEHE L FEHEDBERKELIZ DD THAIPBPERRD 1D, BEHE U RY —
L2EVFFALVA b= (DTT) TRETSZZ Lick v HNEABDODE, MY 7YV T
MR Lick Y FEHEDZBIRNICAFEL L & Z OBEMARRIZ OV TR L.

X5, MARMRBIZNTABEREYRY —LDEAZHFEARSZLIcLY, Z0iERE
OREIEEY:, HMEEMIZOWTORE DN 2.

N
3y &y Y
£S

(1) Mk

< 7 AERHESERING L, b M FEEE Hela fil, Y% LMl LLCMK2, £ XBE
E#ile MDCK, t b Hep G2 fifgd (KRR R ZIFZHAR HkE, SINEREELY
#E5) 1% 10 % H-FEJRM7E (fetal calf serum; FCS) & e — 2V MEM H5#h ( = A1)
THERLRZ. v NG VA —<HIRIIE Ny agdif — 7 VigH (DMEM, =y X
1) (10 % FCS &H) TR LK. F¥ 4 =—ANAAZ—RHEESFME CHO 1% F12 B (
=y AA) THE L. b MEIFE NB-1 Mg, b b T HifgdhRH mH#E MOLT-4 1%
RPMI1640 ( = XA) (10 % FCS &4) TE#E L. U ¥ KENRESRIME N B
(Bovine aortic endothelial cells; BAEC) X #|#rE iz X W 2B L, DMEM (10 % FCS &F)
THER L. ERIZZS-THRREODDEZHWE. TSI EL &M%, simian
virus 40 (SV40) ThS U A7+ —A L, A —72 )V MEM #:#h (10 % FCS &°F) THE L.
b MRS RIER L, £ —2 ) MEM 54 (10 % FCS &) TE® L. b
NREIRIMEANZMEIZ 7 SR Er LGN d DR AV, E-GM UV £5#h (7 7R
) THEELZ. #IREERE MY U oNBRMIRIE, & PRSI X Y MONO-POLY Resolving
Medium (55 H ASL3E) % AV THEE 12324, RPMI 1640 (12 mM Hepes, 50 mM 2- X L4

-11-



7 R &/ —)V, 5 pug/mlPhaseolus vulgaris Agglutinin-P, 10 % FCS&H) TH#E L.
() VI7FVTHERZ7TFIT AV MA (DTA) OFRE

DTA 1%, Corynebacterium diphtheriae C7 (8) PZERE C7hm7210 (B22) BEKT S
TIFIVTERIFIAY A LRUEEDEREH CRM22 &, Uchida 505K %
—HEE LU THER L. C7Thm7210 (822) 1X, C7(822) ¥ (Modified C-Y i 2,000
ml / 50 % maltose 100 ml/ 1 mg/ml FeCk 1 ml) T3 L7z#, 10,000 rpm, 4 °C T 20 4
miL, EEZENEE (Mini-tan, Millipore, 4E4rFE 10,000) i TE#E L. Zh
#50%-80 % BT vESTARETHERL, F2FrternrrAy (EILFETH),
DEAE A BT 7 A2 (BAb2TE) TEE L. BRLEZEAEIR RVT27IAT7
RANVERIKE), 3L elongation factor 2 (EF2) ® ADP V) RV VALiEHEIZ T DTA T
LR L. AMLEDTARY 77V THEEEZAATORN LIX, BRIZAR
ZHD Vero MIfEIZR LT, 100 pg/ml OBEIZRNTH 2 MildFEEEz RIS/ &
LEEA L.

(3)DTA 2H A LERE Y RY —LADOFRE

DTA % 02 mg A7 BSS(-) 03 ml vy, F—Mic U FET—HIEYRY —A
EESEL, BV EA UM NARERINESETEREYRY —2%257k. ERICTAVWSERINT,
SHRRES (2,000)/m2) TARZLIZEVEVEALTALANVADRNA 2B FIE L. T D%
BTN, BV EA 94 NVADERERITIE EELZT b ol
(4) ERtEYRY —ADHN, F ZEHEOAREL

RSV RY — 2DV E A T NVAIZHKT D HN BEHEORNEIT, YFF AL
A F— (DTT) 3BT B Z LIz k0 fT-72202D, F72pt, BSS(-) (pH84) IZEE L=
JERES U RY — A (OD540=2.0) %, 1mMDTT T37°C, 30 rHME L. JERME D R
V—AL DTTIZ, FAEREB (777 v 7 A G25) ThHlkLT.

A U RY —AD FEHEOARERZ, M7V VRETEZ iz v 7ok,
72 H, BSS(-) (pH 7.6) IZEE LRt & Y R Y — A (ODs40=2.0) %, 150 BAEE
unit/ml @ b Y 73> (Worthington Biochemical) ¢ 37°C, 2 BB Lz, RinEIRIT,
soybean trypsin inhibitor (Sigma) Mz 5 Z L2 L VT, EHREBL Ry IV
SW28.1, 24,000rpm, 4°C, 30 X VERMEVRY — A& EH Lz

(5) ARMUERPAE ML IE M

TR A TA N AORMEREMIERIT Hsu HOFED 2 —HUELTTo2. Thb
b, Bkt FRIMERE BSSCG) BB L (1 %, v~v), B EA T4 )V A (final
OD540=0.02) & 4°C T 15[, #D# 37°C T30 4B L7z, 1,500g, 4°C T15%>
fhEL L, EEOANES v BRI E 540 nm TR 3K ELAET S Z Lic &k
YR L Tz,

(6) 2w =—TBRRHEIZ & B Ml O

L #ifE% 35-mm 51 > =257V 500 [A#BRE L, 12 KEA#&IZ BSS(+) (BSS(-) i€ 2mM
CaCh Nz 72 b D) THil A2 L, BSS(+) IZBE Ly 7 efildicinzg iz, #
Wi% 4°C T304, FD#37°C T30 ENEL, MEM THt# L7, MEM (10 %
FCS&4%E) C1HEEER L. Mgt 70% A%/ —VTEEL, 001% 7 U XZNANAL

-12-



FLy NETHRELLE, an=——FEHELX.

(7) BHARKBEDHIE

KM% 24 RV — M2 5 X 105 [HIBRE L, 24 B> S % E30(6) OFEICEDL
TYER S ® 7. 4 MER LR, M2 XFI=28FR 0 MEM %L, 1-20
uCi/ml @ [33S] AF3F = (Amersham) Z&¢e MEM T37°C T1ERIAAV AL, R
7 o aFBEAEEESICEEN S BAERE, BES LV FL—var oy 2—THIEL
Iz.

2B, FOMDERFHEIZOWTIE, RifiE Tz ORI -T2

IS N
L >

Fig.8 iz L Mifgizxt3 % DTA 2HA LEEBE Y RY —A0F L, av=—BHE
TR LEEREZRT. FARBHITIZ LI >TIALA NV ARNA 2R IE L2V X
ATA4NVA, BIXUDTAR2HALEZEED) RY —ATIXL BEEZRERP -T2,
DTA ##H A LKERIA Y RY —ATIXBEKFNIZ e =—HoRIBEAD LN,
OD540=0.003 SL_EDEE TIX, 100 % £ TOHMMEIZ DTA 2EA T3 Z LATETH - 2.
7z, RS U RY —AIZX RNA 2A7EE L TR intact RV X A 71 L&A E ODs40
BATIZEALFR—DOHFEEZRLE. BRIV RY —AZEVZA A VALIREFR K
EXITHDZ LIS (Fig6), RTOEENFILRLIZF CEORN FREFET S LIRET
5L, BEREVRY —AIZEVEATANALIZEFABEOEMAEEZE LTS LisH
Nz, &T, intact BRELVE AL TANADRBRYEIZ LV 50 % ORIFAREHT B L X, &’
WriziZ 3x 106 DT A WABELET B Z RSN TS, DTA 2E A LZEREY
RY — A, 50 % O EZFEHRES TS L&D ODs40 1% 0.0002 THBDT, FEREY R
Y — AD ODs40=1.0 DEHEHIZIZA 1010 fl/ml ORIfE & & TE AR FRELEL TN
LHEEINT.

EEE U RY —AREHTAED, URY —ADQIREEMIBEESE T RISTEE I
DNWTRELZLZ S, BERMEDATT IUAT IVEEARLIRY —50, BXWIZE
D PC & Chol ZU 522V RY —LBANVEEZ LD D, PA, PC, Chol 5725
DY RY —ADFRK 10 FHEEREP o2 (F— 2 —3REF). FZTEHRIZB
WTiX, PA, PC Chol bR 5BHEREZHUOLYRY —A2AWVWTHEGHEE U RY — A
PEETEZ LT

Wiz, TDX57%DTA ZHALLEFERME Y RY —ADEBEREN, VXL TAL VA
DTN —7EHEOHNEHE L FEHEOMEAEDERIKELEDDTH S
NE S pEBRE L (Fig9). BV A T4 NVAO HNZEHEIX, 2 FEYAN T4 R
ETHTFEBFE—D, HEINELAEZE LW T 2=y MBS LAY d<w—2¢ LT
FHELTEY, ZoESIE SH KInEORE TH D DTT EOBICANC X Y BRSOl
N, FOEMENETH DML OEEE L Neuraminidase iEME2HEETD Z L0845
NTn3202D. %72 DTT Z0E AT T 2 RZ X, HNEHEOFBRFEHEE LY
Hi<, HNEBHEDOEMZBIRMIZERS D Z ENTMEETH B2, —F, FEHE (&
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1201

100 Fig.8 Effect of fusogenic liposomes containing DTA on colony
formation of mouse L cells

Five hundred L cells were seeded in 35-mm dishes. Ten hours later,
the medium was removed, and the cells were treated with various
concentrations of fusogenic liposomes containing DTA (@),
liposomes containing DTA (A), UV-inactivated Sendai virus (D) or
intact Sendai virus (O) at 4 °C for 30 min. Then the cells were
further treated at 37 °C for 30 min, and were washed once with
chilled medium. The cells were cultured in fresh medium for one
week, fixed with methanol, and stained with crystal violet for
counting the number of colonies. Viabilities are indicated as % of
control. Number of colonies are shown as average of duplicate
assays.

80

Viability (% of control)

Table 1. Effect of DTT and trypsin on neuraminidase and hemolysis activity
of Sendai virus

Treatment Neuraminidase Activity Hemolysis Activity
(% of intact) (% of intact)
DTT1mM 0.5 0.7
Trypsin 74.2 0.0
150 BAEEunits / ml

Sendai virus (ODs«0=2.0) were treated with 1 mM of dithiothreitol (DTT) at 37 °C for 30 min, or
with 150 BAEE units/mi of trypsin at 37 °C for 2 h. Neuraminidase and hemolysis activities of
Sendai virus were determined. Data are indicated as % of intact Sendai virus. Each datum
represents average of duplicate assays.

120 T

I Fig.9 Fusion activity of fusogenic liposomes depends
= 100 M n on the bioactivity of HN and F protein
] ! A Fusogenic liposomes were treated with 1 mM of
t dithiothreitot (DTT) to inactivate HN protein, or with 150
8 80 [ BAEE units/mi of trypsin to inactivate F protein.
- 1 Cytotoxicity of fusogenic liposomes containing DTA was
?, 60l measured by the colony formation assay in L cells
e described in Fig.8.
> —e— Intact fusogenic liposome
= 0r —m— Fusogenic liposome treated with 1 mM of DTT
] ] —a&— Fusogenic liposome treated
S 20 b with 150 BAEE units/mi of trypsin

! Number of colonies are shown as average of duplicate

assays.
0 ¢

10 103 102 10!
ODsa0

T8 66,000) 1%, MilgsoBEEZESEEEZELTNS L BEHE (4P FE51,000) &£, B2
BEHE (DFR15000) L2 5R-TVEH, FIEHBEIZMN FYricky Fu (TR
32,000) & Fib (4FE 19,000) i8I &3, AEWigte2 k5> Z 2 BH5h T30, E1,
MY Py izt 3 RREZMtE, FEHEOFNHNEHE LY 8L, FEHEOERE:
BRI IHR SR Z L BFRETH B0, 22T, ¥ F AL ULV A%, DTT THRET
5ZLizXy HNEHE.R, N7V TRETAZ Lizk Y FEAEZBRNIIAE
3B LR TEBRINLE 5P %, FNFN Neuraminidase iEHE, R IMBRESMIEH: % HIE
FTB5ZLickV®ET L (Table 1). ZO/ER, £ XA 74 VA% DTT 1 mM TRLE$
% Z LIz X Y Neuraminidase fEHEIZSZRICHER L. T ORFORMEREMIEYE 5520
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HRLTWRES, RORBMERIHNEHE L FEOEOD total DE®RTH Y,
Neuraminidase iGEHERHEE LT 2 OICRIMERBMEE DEER LI ENELBNDS. £Z
T, BUE AL T NAREFMBEREZ/NERFELESR (wheat germ agglutininy WGA) TZERE
ERIL A, RMREMFESBEREIN, ZOXBETEBVWTII FEAEOAYEL
EFTHRLTWRNWZ LBRERSNE (F—F —3mET). £k, BV EA I VRE
N U ¥ > 150 BAEE units/ml THLE$ 3 Z Lz &k ¥, Neuraminidase {EHEIZRE L T
BN (ary ha—D 742 %), RMIRBMEEHIZZECHEEISEIZ BT .
FIT, ZOLIBRFZEHTDTAHAERMSY RY —2% DIT, BEXTM) 7T UM
HL, MlR~OBAERIZRIET HNERE L FEAEOAWEREOZEIZ ONTRE
L7z (Fig9). ZOfR, HNEHHE L FEREOE L LI —HOEMBEENRERL TH
Th, DTAZBALLEEVEAL TALNR « URY —AREHIZLL BERESHEREI R
of. FEHEDOAEZAFEL LB AT NVAR - URY —Ai&HTIE, HNEHE
DOEEIZ L > TRBRNICHBERMICESTEELELONSDN, Z0X5BREHFTIIZBY
THHlEFEEERERP oI LI, TOVRY—ABEzTY R4 b —3 ATl
WIZEVAENTD, DTAIZMBERNICIEBIT LRP 2 TZZEERLTNS. ThHD
RIS, KAV RY —AZIZOHAYEE, EVEAAVAMNVAOHNEHELFE
FHEOHMEHBENMBEIZE > T, BIARIVEEHRENIZEAL TS Z LBHLP L
otz

WIT, BAZHBMEICN LT DTA 28 A LEEMAE Y RY —22/EHEE, BEHA
FRFLEEETARD Z LIz X VERE Y RY — ADERBIZ OWTRE L. BRESY R
Y — AOERAOBIERMEIZOWT, b b (HeLa), #1 (LLCMK2), V¥ (IR AE)
ARSI ), 4 X (MDCK), =7 & (L), v b (Cs 'V F—=), NARX—
(CHO), ¥ (SV40 transformed hepatocyte) OFifZ AN THEE L Z 5, BRZHD
BT TR 23 LEBITNENVDDOTH o7z (Fig.10). £7, b boMilEzAWTH
BIERMIIZOWTRE Lz L Z 5, EaA U RY — AIXFETE (HeLa), iFHE (Hep G2),
FRMESERINE (FIACHE 28 B R MESEAIRR), I N ECHIRR (RIS R KEARILE N B HINE),

Y 28 (MOLT-4), #¥EZHEE (NB-1) iZxf L TIEE A FRICEETHET 5 T LAVHE
L7z (Fig.11). =0k 5 BIEVEEMZ, BV AL TANADLESZ =, VTILER
ALEABEHEL VI EENRME THIZLERB LTS bDLEX bR, X
2R 0 ME— DBMNITFAIERE RY VU RBRTH Y, K70 % ORIfERERZEEZRE> TR
MPofe. ZOBHIZOWTIERBEALA TRV, BV A TANVRRZ T NVEREETHE
BEEATELESZ—L LTWADIT TRV 25 (B EAL TANVADLETS X
—iX, BHERZBWTOERIZIZDP > TR 23D, v NV ERREVE AL T VA
DERDLEFE—2ROTNBEZ ENEZLND. FLWAI=XARZDONTIEIFHRD
MERETH 5. A :
LI ATZOEME Y RY — A, REBBELTHEBZENREZE LTV, K
AV RY —AIL, BUEA AN R ERRIGELMRETER L TOEROETIREZ S
¥, 4°C THRETIUT 1 BB EZEERRETH o (T—F—IIRET). ¥, 10
% T AFNANT +FY K (DMSO) FFEL THRAZE R THEERE L T &L HEME
TFLRP ok (F—Z—3REP). 2ok 5BHEIHAL LTOREENP DA THE
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(% of control)

[35S]Methionine Incorporation
[\
(3]

0 10+ 107 102 10"

Fig.10 Species specific fusion of fusogenic liposomes
Fusogenic liposomes containing DTA were incubated with
various cells at 4 °C for 30 min, and 37 °C for 30 min. The
cells were washed once with chilled medium, and cultured with
normal medium for 24 h. Then the celis were pulse-labeled
with [358] methionine, and [35S] counts incorporated into TCA-
precipitable materials were examined.
0O, Human (HeLa); M, Monkey (LLCMK?2); A , Bovine
(primary bovine aortic endothelial cells); © , Canine (MDCK);
®, Mouse (L); A, Rat(Ce); O, Hamster (CHO); X , Rabbit
(SV40 transformed hepatocytes)
Each point represents average of duplicate assays.

[35S]Methionine Incorporation
(% of control)

100

-
o

N
L]

0 104 102 10-2 101
ODs49

Fig.11 Tissue specific fusion of fusogenic liposomes
Fusogenic liposomes containing DTA were incubated with
various cells at 4 °C for 30 min, and 37 °C for 30 min. The cells
were washed once with chilled medium, and cultured with
normal medium for 24 h. Then the cells were pulse-labeled with
[35S] methionine, and {358] counts incorporated into TCA-
precipitable materials were examined.

0O, Hela (epitheloid carcinoma, cervix); ©, HepG 2 (human
hepatoblastoma); B, Fibroblast (primary human skin
fibroblast); @, Endothelial celis (primary human aortic
endothelial cells); A , MOLT-4 (human iymphoma); A, NB-1
(human neuroblastoma); X , Lymphocyte (primary human
lymphocyte)

Each point represents average of duplicate assays.

BTEZbDTHDHLEEZDBNS.

EBUUEi  NE

B BAL A NADZ R —EBAEEZMNALCHEE OMARAIEZE LY RY —
ADBAFIZ, Uchida 5213 UHBARE SN TNE2ST8101412153240) F 7z, XA
TYANALRBL RO —F T VATHEIA VIV FIAL VADT Ly Nu—T7EH
BERAALEREEEE LY RY — A BRI TNBEB40, Zh b3 FiclgEE
Lo Ru—7ERER2REEEFITUEL, KAiCREERAN2BREL T Rn—
BHE 2 FEBICERER S 85 H 9734353740, IR X > T A )V ADREIZ—
BRI R B BT, AMOWEE T A NV AOHREBIZEATEHFEDTHELRTWE. Lk
LZINHDFETIE, VRY —2AWICEATIHEICHRESHZZ RV RY —LAD
WE O AMERIEEIBENT &, BENMEMTDH D ERBEESEE LRV EWV 2R A
PHELTNHED,

AETIE BVEATANAETIRY —A2%1:1OTHEIRDLZLIZEY, BV
AL TANADBEERERE LEEBMEVRY —22RFE L, ZOTLEBE, WELEN
HWHE OB, MEA~NOWEBAGEEORFZTo%k. ZOXIRFETEREGY R —
AEVEETARZLIZE ST, VRY —A~OWEHAREL LR X5 DIEHAEE
THERLE—BIRY RY —AZHNWBRZENRTEBZ L, BV XA T4 NVADHNEH
BLFEHEDOYRY —AHTOFERDE, ZRIANVABE L TNWSEE LF—IZR
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v, BEELLS DEOIVERE Y RY —AMMERTEBZ X 5ckoz. &Ebiz, BH—
B F RN TEZ LItk o TIEEROEERILNTREL 22V, KEEA U RY —A0Hfa
NAOYIBEAFERIZICD THLPZR ST,

A7y THEEBENERERMEZAVTREIEOE Y E AL TA VALY RY — AERE,
SABMEINEERE Y RY —AZ, BUVEALTA VAL VPR REWEREN 379nm T
HV, BREICIZEVEATANADAR, VEHEZE LTV, DTA 2E@A& Y R
Y —ARZE AL, FOMBEEBEZERCEREEEREERF LCL A, BREURY —4
1% intact 2B U F A YA N A LIFERZEDOEERE L, ODs40=1.0 DEHHizidH 1010
fB/ml ORIFE L BEAE TEBRIREEL TCWDE LD LRENE. &bz, FOBERATE
M, TR YRR MY U RBHE— DI L LT, BOHEMRERDT, 1EEA
LRILThoTk. i, BEEEYRY —LAOHBEA~OWEEAGE L, BEREICELET
B EATANADHNEHE L FEHERKELEZDDOTHY, FEREVRY —A
3 EAL AN ADBEMETEREZFOEERFLEOOTHLZ EBHLP LR ST

HEEN~NOWEEAZIT ) dDF ¥ V7 —E LTiE, ERHAYRY — A
Huang & OBA% L7 pH B2 Y R — A (pH-sensitive liposome) 238 5414, Z DY
RBY —AlE TV RS b=V ARETHRICERVAENZH, =2 Y — A0S H
TTYRY —ADBEENILN, HAWESHRENICBITTD L5 ICEiTEzboT
»3. LHL, DTA ZHA L THlEOEASKIAEREZIFE L L THIEEA~DOME
BAMKREFARLLZ A, BEEURY —ATIRHEEEIZBN TS 100 % X TOHiE
IZDTA BEATRZENTEXROIZA L (Fig9), pH EZMURY —ATiX, #ASKE
D OBEEBEIZBNTD, 100 % OEASREEEEZE HNT (50-70 %), BFEEA U R
YV — AZHARPR VBN, 2 DX 5z, YA NAORLEEFAL, X 5ICERS
BaLBE S LB URY —ABEIZEVEAA YA NADZy R —FEHE2N ST
BZENTEBRABRAY RY — AL, pHERZMEVRY —AD X 5 2ALPHRIGTERICE
R, EEIZHERIN ERHELNCRT.

ZZCLBOETIE, AEBEYRY —AHIZDTAZHAL, ZOEBRADINMH,
SIZITBRETRERRY Z—L LTORHE, ISR YW TRE L.
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B UoFYTEETSS AL M ADTA) REA LERE ) K —
A DFERFEA~DINA

BE, BALFEREIZBOTEIZAVWLON T AHESNT, BRI 2580 ERMR
HBHKMHE, EEHEBICHLTCOIERAZRT 2D, BHEAZRTREEIZbR>TNS. IR
V—ARZINH0EMOENERELESEE T ENTE, TheDRKRMITEMRITS
FTRHMREERHBEESRDILICLY, ENERAEENEGTIZLRTEDZ LRERPD,
DDS {2331 2 BYhERA L L TRARRE SN TWAEY. LirLeddb, Zhbn IR
V—A®D invivo BT BHBESHRIIFREINLEZDOL VPR VEY. ZZER, VU
RY — AN ERICBIT LT NI &0, BEEEBONENEMREONY T —%
URY — ARBBRTERNI L), EHIZIFBZYRY —2RZY R M= ATHIRIZ
ROAENDEDEINTA VY —ABRIZLVMEEZITEZ LIZE oTNED),

—7%, DTA DX 5 RBREROERIT, BRALBMEEREZAELTRY, filkiEER
BREASERA LI FXVVIE, IFANVEEE LTHEBZBUTHSYSD, LiL,
IOLA) RFVUHTY RS b=V ATHIRRIZRVAEN D72, TOEADHIFS
NIEIEEB LRV, Zn 5D I RY —beA L NV OMERBRTDT2DIT
X, BEREOEMEPEENRENCEATE VAT AORBRLELEZ BILD.

Bz BT, DTA 2HA LIRS Y RY — A28, BA OMMHII S L THERS
ik v DTA #HIBENICEA L, BOBMSIREZRTIEAHLP LR, T,
BEZEZSBLAVEEN, EREYVRY —LE2MTHIEILEST, =V R A b=
AT EEFOEAETHAMBENICEAIN DI ELENODOTHD,
FRIZRLEYVRY —AEL L PRV ORERBRIEZREENRDSD. £ZZ TEAE
Tix, DTA 2HA LEZERE U RY —ADEBE~DIGRHIZOWTERE L.

B DTA ZHA LBERE Y RY — 2 OBKEICHT S HIEREMR

DTA Z# A LEERES U RBY — ADOHBEEMRIZOWTHRNS D, <TAD
Sarcoma-180 (S-180) BE/KIEDEFNIZBWT, BEEENEMIRIZNT 2 EBEORIEM, B
X O ZADIEREIRIZDONWTRET LTz

N
% %ii\g;l ! : ﬁ\g
i

(1) EREY &M

FERFYNT 5B O ddY ik~ R (EKERME) 2 Ve, #ilgiX Sarcoma-180
(S-180) HEfa % Fiv 2. S-180 MEfaI%, ddY i~ ADOMAE L L THRBRE LD O
ZRAWE.

(2) DTA # ABRELE Y RY — L OFH
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DTA #t ABRA Y RY —AZE—F, FSHICECTHRELEZ. BERaVRY —48
FCBBEDYRY —AZHAENTWS DTA BOERIT, VRY — A% Triton X-100
YR, elongation factor 2 (EF2) @ ADP V)V R WALIEH 2RI T B Z iz k vk 253,
AEBRIZBNTIE, DTAZHALEEREYV RY —A L LT, DTA ZEME& VY RY — A
OD540=1.0 729 0.52 ug/ml DBETHAZ DD, FLBEEDIVRY—ALLELTIZ
FOR) T HERD 3.61 ug/ml DEETHAZI RS DEERITH L.

(3) EF2 ® ADP U R¥ VALIEHDHIE

EF2 /% Takamatsu & DKWY, ZRIFEL VA LE. Thbb, ZREER
%, FFEZERL, 025MERE /3 mM PMSF/2mM DTT THREVRA kL. #iED
(Ry 7= SWI19, 18,000 rpm, 37°C, 204) TREMZBR N, 33 % - 65 % WHET
VESYAGETENRL, BTy A AS00 (k¥ T E) THRELE.

EF2 ® ADP V) RV VALiEH ORIEIX, [14Cl-nicotinamide adenine dinucleotide (NAD)
(B—1L2E) 2V, Carroll H5OHEIICEEL Tiiofk. Thbb, 10 ul O DTA 24T
¥ 7N % Pro-y -NAD ik (EF-2 40,000 cpm NAD acceptor, 0.04 M kU X (pH 8.0),
12%%7 Vtu—n, 80mMDTT, 2mg/mlBSA) 100 ul & 37°C T 10 RRE S ¥, 10
% bV 7 v afEERE 200 pl X, ABEEEMICE ENDIBHEEEEZBES FL—T 3
vhy v E—THIE L.

(4) DTA # ABERIES U RY — A D S-180 Mz x4 3 in vitro TORMINLH R

ddY =7 RN & v [ U7z S-180 Mg (1 X 10° f#) % BSS(+) 200 pul i\ L,
DTA #HAJERE Y RY — A 50 ul & 37°C T30 0RWERA S B2, Mz 3miNe TR L,
MEM (10 % FCS &-8) T 20 FFfisss U, Hlas: Y RV T — Rk i
THIE L.

(5) DTA # AJERLE Y RY — LD S-180 BE/AKBIZHN T 2 HilEER R

ddY =7 Rz S-180 MifE (1 X 106 ) ZREMENFE L, 24 BRI BSS(-) iIKE® L7z
DTA & A LZEREEY RY —A, DTAZEHALEZEEDOVRY — A, ZBOEMEY R
V—5&, HBNWEBSS(-) ZENFN 250 ul BN S LTz, EEOBRMBESIREZHAS
Tediz, P75 48 iR IciEEN & © S-180 Mgz MU L, AMifadEilE L.
¥, HEVVTINERE LI~ T ADEGFRIZOVTHAN, BWEAOEEL LT2HE
WHEZRELE. '

JEEORAEEL BEEBEL TS 90 HERZBWTHLEEDOHE LA DRNH D
LEELZ.

> NS
i

DTA 2#H A LZBERE Y BY —L5 S-180 il LB L, M2 REE3Z L
ATE B0 E 5Pk invitro DELET TRE Lz (Fig.12). TORE, DTA 2H ALK
A& Y RY — A%, S-180 MR 2 BEKENIZEE L, ODs40=0.1 DRETIZ 100 %
RTOMRZRTZ LN TER. ZOK, DTAR2HALELBEEDOUYRY —A
(OD540=0.1) L DRSS U FY — A (OD540=0.1) Ti3L HHIIBEINT, ERS
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Fig.12 In vitro cytotoxicity of fusogenic liposomes containing DTA against
S-180 suspension cells

Two hundred microliter of serum-free MEM containing 1 X 108 S-180 cells was
incubated with 50 pl of BSS(-), liposomes containing DTA (ODs40=0.1), empty
fusogenic liposomes (ODs40=0.1) or fusogenic liposomes containing DTA (ODs40
=0.1, 0.01, 0.001) at 37 °C for 30 min. Then, 250 i of MEM supplemented with
10 % FCS was added, and cultured for 20 h at 37 °C in a 95 % air-5 % CO2
humidified atmosphere. The viability of S-180 cells was assayed by the
exclusion of trypan blue. Data are expressed as means + S.D. for three
experiments.

Table 2. Number of S-180 cells in ascites after the administration of
fusogenic liposomes containing DTA

Treatment Dose Cell Number
(ODsa40) (x105cells)
BSS(-) - 14.0+ 3.8
Liposome containing DTA 1.0 17.7x 2.1
Empty fusogenic liposome 1.0 148 +5.2
Fusogenic liposome containing DTA 1.0 <0.06

ddY Mice were inoculated i.p. with 1x108 S-180 cells and injected with each material on day 1.
After 2 days, S-180 cells in ascites were recovered and number of the alive cells was measured.
Data are expressed as means = S.D. for three experiments.

Fig.13 Survival of ddY mice inoculated with S-180 cells
and injected with fusogenic liposomes containing DTA
ddY Mice were inoculated i.p. with 1X10 & S-180 cells. After
24 h, the mice were freated with a single i.p. injection of 250
4l of BSS(-), liposomes containing DTA with OD s of 1.0,

74 . empty fusogenic liposomes with ODs40 of 1.0, or fusogenic
liposomes containing DTA with OD s« of 1.0, 0.5, 0.25, or 0.1.

\ H. O BSS()
@ Liposome containing DTA (ODs40=1.0)

0 Empty fusogenic liposome (OD s40=1.0)

4 ® Fusogenic liposome containing DTA (OD s40=1.0)
A Fusogenic liposome containing DTA (OD s40=0.5)
A Fusogenic liposome containing DTA (OD s40=0.25)
X Fusogenic liposome containing DTA (OD 54=0.1)

1 & //// 1
0 10 20 30 40 50 90

Days after tumor inoculation
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Table 3. Anti-tumor effect of fusogenic liposomes containing DTA on S-180 cells
transplanted i.p. into ddY mice

Treatment Dose s) Survival perlod® _T/C 9 Complete Protein DTA
ODs40 (days) (%) regressiond) ?ont?nt)s (ug/mil)
mg/m
—BsEy - TIETTIo 7000 0% o
Liposome 1.0 15.0x1.8 116.9 0/6 ) 0 3.61
containing DTA
Empty fusogenic 1.0 14.8+2.3 115.6 0/6 0.78 0
liposome
Fusogenic liposome 1.0 >52.0 >405.3 4/6, 0.78 0.52
containing DTA
0.5 >48.5 >378.0 3/6 0.39 0.26
0.25 38.124.0 297.5 0/6 0.20 0.13
0.1 22.3x+3.8 1741 0/6 0.078 0.052

dd¥ Mice were inoculated i.p. with 1X106 S-180 cells and injected with each material on day 1.
a) Administration of 250 ul/mouse
b) Days after tumor inoculation

¢) Survival period (days) of sample / Survival period (days) of controt x 100
d) Complete regression was defined as survival period exceeding 60 days.

All surviving mice shown in this table were free from tumor even at day 0.
e) Means xS.E.

DRV — AL S-180 MILIZ BNV T ORI R L AE L, BIERAZRTIENHLN LR,

ZZ T, S-180 Mk~ RZHERENE L, BAEER D o< RizH LTHERLE Y
RY — ABEMEANRE Lz L ZOBBEBEMRICOWTRE Lz (Table 2). 1 X 108 ffd
S-180 Mifa & FEREANE- L, D 24 BffE#2IZ DTA 28 A LZEE Y RY — 2%
(ODs540=1.0, 250 ul) 5 L7z L Z A, #5 2 HHEIZBWTHEREA® S-180 Ml iiE5s
2IZHRLTWe, DTAZHALZEEDVRY —ALEBOBME ) RY — b2 5L
L&z, a> ba—n D BSS(-) 25 Lk L& LIEFEAND S-180 Ml oIz
bbbz Lk, ERIA Y ERY —AlZinvivo ORIfIZH LT HatdtEsRL, DTA %
HENICEATEZ LIz > THEESRZRTZ LKL 2.

DTA #HAJERA Y RY — L 2#E LT RDEMHRIZONVWTREI LIZEZ A
(Fig.13), BEKRGFHNZREGFHROERSED HI, ODs4w0=1.0 %5 T 6L 4 ILD5E
U, ODs4ao=05 £ EH Tt 3PLORLABEIBEIN. DTARZHALLE
FOURY —AREDOERE Y RY —ATRELIEGATREILAD b o7z, Table 3
IZiZ< T ADEQTFRIZONTE L.

in vitro, invivo DWERIZBNT, WEHEOVRY — AITIIERHES Y BY —ADHK) 7%
BO DTA #H A X872 (Table 3) iz bBH T, 2{EHUERIBRIP oI LT, VR
V=N bz YA b= ATHIRRICERVAEN TS, DTARZIZEA FHIEEIZ
BRBITLEP oI EERLTWD. i, BROZ L5, DTA (10 ug) Bz <
AZ#E L THRLHEENRIIRAD bh kb oT.

RIZ, ZDX 57 DTA 2HA LZBERE ) RY — AOFIEEMNRN, BEWERAZ2E-k
bDTHE0 BT, <7 AOEEEIIZ OV TR (Fig.14). DTA HAJK
ALE U RY — A D ODs40=1.0 5 TIE, BHE5BRICETORERIBBDONES, &
WERTIEN AL SNz ODs40=05 HEHIZBN T KERDZBD R P o, ¥,
BEOENSPBER EOEWERZE BRI P o7z, K Bk B &8 B
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130T

Fig. 14 Body weight change of the mice inoculated with
120 fusogenic liposomes containing DTA
Body weight was measured at intervals of 2 or 3 days after
sample administration.

+ Non-treatment
110} O BSS(?)
@ Liposome containing DTA (ODs«0=1.0)
O Empty fusogenic liposome (ODs40=1.0)
100} B Fusogenic liposome containing DTA (OD s«=1.0)

A\ Fusogenic liposome containing DTA (OD s40=0.5)
Each data point represents mean x S.E. of six mice.

Body weight change (%)

0 2 4 6 8

Days after tumor inoculation

B (=, Z85, BE, 55 %5 ER), Bt o TOREZENRBR2ITo
2, BEIIARDHT, DTAHABEBE Y RY —ARIFEALEERZRTZ &R, &
NrEFEENRSRTZEAHELI LR o, BWER LD - i RERIZ OV T
B S TIIRVA, BRI Y RY —A5 S-180 Mgzt U THREMIZER L, 5
W ESE BRI T 2 EHZAE U RERE 2 bs. £, Bi#EGYRY —
2Tz BITT 5 LRBRIZ L D HBESHCHEEIND 2D (T—F —IR3S ),
2B DOERIZIIBITTET, EEHEMITER LRIz bEILNS.

— iz, BERIZBOTH IS HEAEIN TV RHEA TSI, bl Y CHLEDH
BEMEORBEETY &, 1 b/ CTIZDTAHABRE Y RY —A LESDOR)
BAEBBHITIZ 255 5.0meke bORBEDORERBETH o (F—F —IIRE
). ZOR, <7 RIZS5 % U EOKERD L REBORENCRE, BOWHRREPBE
SNBVEWER 2T D THoTe. TROHDOER» B D, DTA 2HA LEREY
Y — A3, BEAEOHREICN LTEWERZRT I LR BERLIEENREZRTI LR
BHLP LRV, BHRELR S OREICH L TOEDEZRTRRENSE X b,

B BEAE~DODTAEABOEER

Bz BT, DTA HAJEFES Y RY — ABEAKEORECH LTERRZENTHD
ZEMNELNPER ST, FZTAH TR EEEYRY —AIZLY S-180 MfRIZEASIL
7 DTABYEEB Tz Licky, BEEHEMENFHIIHELINDS DTAERKRDTZ.

™,

(1) S-180 MifiZ FEA Ehic DTA BOHIE
in vitro DEBRIZBVWTIX, DTA ZH A LA Y RY — A (ODs40=0.1) %, Hifi
(4) IT¥ETTS-180 ML & R S ¥ 7. 30 RIS S itk Mgk L7e BSS(-) T

2.



3EEE L. /=5y b P40 2 HWTHINEZREEE L, EF2 D ADP U R A ALiEH %3l
E L7253, ,
invivo DERIZBNTIiX, DTA 2H A LERES Y RY —A (ODs540=1.0) 250 ul %,
Bifi (5) OBIEEITR > THERNZRS Lz, 30 281N S S-180 Mgz Eu L,
K& L7z BSS(-) T3EEE# L. /=5 b P-40 ZAWTHIlEZAEEEL, EF2 ® ADP
U R ALER 2 HE LS. ‘
2B, ZOMOERSEIZONWTIE, BifiE TIZEROBIERLRIZE - .

Y g
N

DTA %3 A USRS U R — AR, invitro T S-180 i 1 X 108 L& TR EBE L
BEETH S Fig12 @ ODs540=0.1 IZBWTIE, 0.64 ng ® DTA »3 S-180 HifgIicEBA Xh
TEY (Table 4), ZIIIHIME E KIS I EBERE Y RY — AR D total D DTAHAER
(2.6ng) DRI25% THotz. EREY RY —AZLETORFIMELEES - @8 T5Z
LBTEBDT, EbizEEL EFNE, £2TODTA ZHIZEATAZ L b AREL &
5B, —F, invivo DEBRIZBWTIL, 6LH 4 LDRAEBRAEA DI, Table2 T
BWTEBES N1 X 106 0 S-180 MFLDIF L A EA30%k L BE TH B ODs40=1.0
Ti%, 0.52ng @ DTA 23 S-180 HHAIZEA SN T\ (Table 4). TR 5& (130 ng)
D04 %ITHLE LTz, DTA ZHALLZBHED VU RY — A TiX S-180 #ifEN D DTA
IRHEINRPr o, ZTNHDORENPD, invivo Tit in vitro DA TIZHN, # 60 %
JERRS U R Y — A% S-180 Mz H L THERORERE B Z &, i invitro BE T in
vivo Di&BAT & D, 1 X 106 fio S-180 Mila 222 W I ¥ 5121, #06ng D
DTA SHIfIZBASNIIF D THE Z L AL LR o T, invivo DEH TIZBNT,
S-180 MUMLIZVER Lo KA S Y RY — AL DTABE D X 5 RkNERE L o7 -
OPORFHIT > TWRWVAE, BE L KB OBEE Y RY — AXMERSIC L Y 20#F
Xh, DTABRYRY —22HRHLEbDEEZ BNE. LA L, DTAREMTIX in
Vivo BV TH L ERERERP272DT, BWERAERRTI NP okdbDEELD
n5.

Table 4. Amount of DTA delivered into S-180 cells by fusogenic

liposomes
DTA content delivered into S-180 cells
(ng DTA/1x1068 cells)
in vitro 0.64
in vivo 0.52

Fifty microliter of fusogenic liposomes containing DTA with ODs40 of 0.1 was treated
with 1X106 of S-180 cells in vitro . For in vivo experiments, the mice were received i.p.
with 1X108 of S-180 cells, and on the next day 250 yi of fusogenic liposomes
containing DTA with ODs40 of 1.0 was injected i.p. After 30 min, amount of DTA into
S-180 cells was determined by measuring NAD:EF2-ADPR activity. Data were the
average of two independent experiments.
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B=H DTA ZHALLEREY RY —ADERRICHN$DHEERR

FERIOBEEN~DORFEIE, FEREICHT3RECROEENRFETHS. L
LA b, BRFROTERIOSRS, EXEENICEERSE LT, RERM»LES
MZEET B, EEEBN THRESRNEND R E+REMBE 2T HZ L1
RETIZRWY. 20k, BB FTEHiTIZ LRI VREFITOREEE2EDD Z
LBfThN TR Y, ZOERNDEDITERARBRFEDFY VT — Y AT LRSS
EhTN3B59,

INETOHIZBWT, DTA 2 A LBERE Y RY — ARBEAKEDOHBIZBNT,
BIVERZMES Z &7, BERTIEEDRERTIENHEHLPER TN, ZOVRY —
A EBBRICES L, BET3Z L LEENICEBEREINZGEAITE, EEM
Jiz B DTA 2EA L, MRLZERIRIZILBTERLELONS. FZTAHI T,
S-180 FEEICH LT, DTA 2EHA LEEME Y RY — A2 EEHBAICEERE L
& X DOPLEERIRIZ DWW THRE L.

>,
& v,

(1) DTA HAERE Y RY — A D S-180 BRI AT B HIEERE

ddY #tt~w R (5384 OBEEEAIZIZ S-180 Hik (5 X 105 #) 24 L, EBEENS
mm B kiz3E L7 7,8,9 HBIZ, BSS(-) IZ#E L7z DTA 2HH A LAY RY — A,
DTA ZEH A L@ EDOY RY — A, ZOFREEYRY —Ah, HBWEBSS(-) 50 pl % 27
F—T OEEERWTEENICEERS L. BB 1 AMIZ 2 &, Rk
TEEEBLZARE L, 1HHEBBETE OEEKRBEILERDT.
(BEAR) = 12 X (B x (ERK%)?

72, HY U TINERE LT ROEGHRIZONVTHEN, BIEHOEEL LTy
ADBEEILERE L .

HE DRI, BEEZBHEL TS 120 FRRZBWTHEEOHEREZRADBLND D
LREFELT.

SRR L IEAR R OB R E ML, Student ttest iIZ X VIT o7z,

BB, FOMOERFEICLOWTIE, RIfiE CRREROBIEEIIHK -

- o
o

Fig.15 Iz S-180 ETWE DIEENIZ DTA HAERME Y RY — AR5 Lz & X OEEHAK
BOEILiZOWTRLEZ. DTAHABERBAE Y RY — A, BEKRENICERBE OS]
FRL. —F, ZOBEBEVRY —LPLDTARBALEZBEDY RY —ATIIEEH
WIZEE AL, o, EGFRICHOVTHEOERE Y RY —AR DTA ZH AL
BEDOURY —ATIIEBEIALN RPN, DTAHABEGEY RY —LHBEHT
BEEREREAROEENRA b (Table 5). £z, DTAHAKEE Y RY —AD
OD540=50 570 2L, ODs40=1.0#G#HT7lH 1 Lo, ODs40=02 5
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Relative tumor volume

Fig.15 Tumor growth inhibition by the treatment
with fusogenic liposome containing DTA

S-180 cells (5X10s cells) were intradermally
inoculated into the abdomen of ddY mice on day O,
and 50 pl of each sample was intratumorally injected
ondays 7, 8and 9. Tumor growth was monitored by
calculating the tumor volume. Each point represents
means + S.E. of 6 to 8 mice. Statistical significance
compared with BSS(-)-control group: * P<0.05.

O BSS(-)

@® Simple liposome containing DTA (ODs«=5.0)

O Empty fusogenic liposome (ODs«.0=5.0)

B Fusogenic liposome containing DTA (ODs4=5.0)
A Fusogenic_liposome containing DTA (ODs«=1.0)
A Fusogenic liposome containing DTA (ODs«0=0.2)

4“ ‘ : Administration

Days after tumor inoculation

Table 5. In vivo anti-tumor activity of fusogenic liposomes containing DTA against S-180 solid
tumors

Treatment Dose Survival T/C Complete Body weight
ODs40 @ of mice (%) c) regressiond) atday 12 (g)®
(days) b)
T BS5(Y) 0 50.7z 5.5 100.0 076 28.421.5
Liposome 5.0 51.2+10.3 101.0 0/6 28.1+0.9
containing DTA
Empty fusogenic 5.0 53.5+ 9.1 105.6 0/6 29.3+2.2
liposome
Fusogenic liposome 5.0 *81.9+ 9.9 >161.5 2/7 28.8x1.7
containing DTA
1.0 *74.9+ 6.9 >147.7 1/7 29.2+1.8
0.2 *76.2+ 6.5 >150.2 1/8 27.91.0

ddY Mice were intradermally inoculated with S-180 cells (5X105 cells) and 50 ul of samples was intratumorally injected at
days 7,8 and 9.
a) Administration 50 pl x 3 / mouse
b) Days after tumor inoculation
Means + S.E. ; *: Significant difference from the BSS(-)-control group (P<0.05).
c) (Survival days of sample) / (Survival days of control, BSS(-)) x 100
d) Complete regression was defined as a tumor-free mouse surviving more than 120 days.
e) Body weight at day 7 was 27.3 + 0.8 (g). ; Means + S.D.

Fig.16 Photograph of two mice, bearing S-180 cells, injected with BSS(-)
(A) or with fusogenic liposomes containing DTA (B)

S-180 cells (5X10s cells) were intradermally inoculated into the abdomen of
ddY mice, and 50 pI of fusogenic liposomes containing DTA with ODs4o of 1.0
was intratumorally injected on days 7, 8 and 9. Both photographs were taken
on day 27.
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BECTIg 1 IEDRELBRNEONZ. Figl6 iz DL EDEEOKRTE R LEEETH
%. DTAHHABRES Y RY — 2285 Lz~ ROBEIL, R TH B hHERE
2IZEE L TWLEHERERISETEY, RUiRoREERALNE. —F, arya—
& LTBSS(-) 25 Lz~ ATIXEERSEITIEN > Tz,

BIVEROHEEL LT ROBREOEILZHIE LD, DTAHAEBEY RV —LD
BEIZ X > TEMZED B o7 (Table 5). Ei, AR EIZOWTHI 5ELITE
BinT, 2<BEWERRAONEP o, ZTRNHORER LY, DTA HAERMES Y RY —
ADEENLEGIT, BWERAZMES Z 22, BNiEERERTZENHLL LS
Iz.

EPUE MERRS U RY —ADREBE~OHEEARDOER

RIEIZBNT, DTA HAREE Y RY — ADOEEN#EIC & v BEE B HEE OIFH
BHRONBZERHLP R, THNIEENIZERSG INEHEY RY — AN DTA
ZIEGHIEAICEAL, MREZERIELLZDRZLELENEIDOTHS. FZTAHET
i, EERA Y RY — ABEMTIIMENIZERVIAENRS Z DRV PH] A X U V9%
AL, BEENZESHO S-180 MlENOBEEEZHET S itk - T, EMEYRY —
AZHASNIWEN L OBREEEHIICE Y A EN TP OV TRE L .

M| N
5

(1)PBHIA XV U EHA UZERE Y RY — ADEENR 540 S-180 Mgk o [3H] A
X v OBEHESE '

BH]I A XV ¥ (1 mCiml) F—1t2) 28AREREYVRY -5 —8H, F=MicE
UCHRE L. ZOBEREY RY —A4 (ODs540=1.0) 50 ul %, Riffiic¥E U CHEERM 7 H
B2 10 Z2FRIZ U CIEENICIR S Uiz, 1 BEREIEE 2 L, MY L7z, 60 um
DAYy 2%B L THEBEREEZ. N7 AR THES 3 2% Lz, 1 NNaOH
T—BERNLEL, BHEEERE L.

a N
I!

Table 61X [PH] A X U & H A UERLE U RY — A% S-180 ERMENICEG L o8,
S-180 MIRIZER VAENTZ PHI A XV > DA v v &2, HERBIZHTIEETRLED
DTHB. A XY VIZEMTIIHRRNIIZERYAEND Z L3N0 T, HENIZBY
% [PH] A X U > OgHEREL, BEEE ) RY — Ak > THRBENIZBAShZ DL
ZEZ2BZLEMTES. BEOVRY —AIZPHI A XV EHALZSDOTIE, HEEOD
HF50.53 % L S-180 MR VA ke o e DizHt L, RS Y RY —ATIRE
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Table 6. The radioactivity of [3H]inulin associated with S-180 cells after
the intratumor injection of fusogenic liposomes containing [ *HJinulin

Radioactivity

Treatment (% of injected dose)
Fusogenic liposome 7.74 +0.49
Simple liposome 0.53 £0.01

Fifty microliter of fusogenic liposomes containing [3H]inulin was intratumoraily
administered. One hour later, the tumor sites were cut away, and the single cell
suspensions were prepared by mechanical methods. The levels of radioactivity
in the cells were measured. (means = SD, n=4)

DRI IS ERD 7.8 % BHIRIZEVIAEN TV, BEOURY —ai LB S-180 HIfE~
DA XY VOBAEZ, FA4VYV—ALABERICLE D720 Factor 2BAL, =¥ K¥A b—
VR L BHBR~DEAZHELZBETHY, 4 XUV OHMBEARA~DORTIE, &5
R AL TWBRbDEEZOND. ZNHLOHELY, EREY RY —AIEREOHK
NIZHE IS HAYMERZBEATEDZENHLPLERY, DTAHAE#REY RV —AD
PUBEERIRIZ DTA % S-180 MifENIZ R IS BA L Db baNizbD L EL b
hz. '

BHET /ME

DTA X B CIZHBEAICA S Z ERTERNVE, ~2FTHHRENIZEA SRIE
2R ET A LNTELIRBETHY, DEOLIVHIFREAN~DT ) NY —HEBRERRS
Wi, BARERERYS2DDLELZHNZED), BERMAYRY —AZEFDNLS
REAMIZELEZXY VT —TbY, DTAZHA LKA Y RY — ADERBE~DILA
ZONWT, =7 RADS-180 HifaEEFNIT, BAKE L BEBEIZOWTRE L.

DTA # AERE& Y RY — AiX, S-180EAKEEZF LIy RITH LT, KERIDOBK
£, BOWEEKREOEWERZMNES Z <, BNIEEMREZRL, FEEU O R
PRABBISERIENTER. 2, <=1 =AYy Clizk > CRBOHEERIR
B3 EDICIMLUNCEWER 2 -T2 D L IINBRTH o, Fiz, S-180 MilRIZEA S
Nz DTABREETAZ &ickY, 1 X 100 S-180 M2 RIS ¥ B ITIT,
#10.6ng @ DTA PHfIZBAININE T THAIZ LAHELNPER . THHOER
X, BEESYRY —ainvivo DRifaE dRIERLIEE L, HEAMELHBRENICEA
TEBRZLAEZRLTEY, invitro D&HZ 5T in vivo DHIEN~DEN 7= drug carrier &
RV 5B EBRRBENTE. |

S-180 [EEEIT A 5 DTA #H ABRAE U RY — ADEENBRFIZBVWTOHERER
B OMFIRAR SN, BERESDORFEGIZBNTIE, £To S-180 #MifdAiz DTA
REATDZ LAY, REREREOBMHIBIZLATERP . - T,
B DEBHEICH L TIE, 2 TOEMIICBIETBEAINRS THRRSYFTE S
A b IA VBEFERAWEIBEEREEER EOMOBELE L OMAEDLERLELEZ
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bhb.
ZrCRETIE, ERESYRY —AIZSFAI Y KDNAEZEHAL, EREIRY —A
DBIEFEARY Z— L LTOREIZOW TR EITo 2.
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FB=E EEESYRY—-LsE2AVCHlE~DORIFEA

EEDS FHIIEDZDZE LNESIT, BETZODOST VF RV AEKBREREE
L LTHI BETFHRELVWOIBORBEDRRBREZEEDDDIZLDoH B0, Bzt
BELIE, BEFORBLTWAMBRIZEERETF2HE LY, M L 2EeE2 At
E437dic, ARBGTFEZEATEZ LIZEVBEFLNNVTERREOBELTT S HRET
BThd. LIAL, ZOHRBEEOHIOEDIZIE, SWHEONRICRIZFEEATIH
WABRTADNERDD. EEEPERLTHWSHEAOMILL, MEEEVWIANY T —%F
LTBY, BEFREOESTUEIIHMEEEZZRTEZ RV, 20D, TON)T—%
BT 3 720icit, BHRARCBWTERAIRIYEFOREFE2HERNIZEALTNHNSEY
ANADBLEEELFRTEIDP, ~f/ufr Vs varvcl /7 buRr—val,
HBENZY VEBIAY Y ARSRISESEOWE - LN HERRAT B LERDB.

BE kEE2DPLE LEREFREOBKRERTHOWOLNTNWEIRZ Z—iX, FikUA
NADRBRLEEEZFHALEZL b NART X =T F ) TA NARY & —, ERlEER
BRWEDIFE=v 7 « YRV —ARETHBIM, LrLnd, ThboRrx—
OBETEA - BEHE, Re&MIZONVWTIETSLENVREL, FFLOLERIZE SV
Ry Z—QRFBSEERBELR->TWS. ZITEAETE, FERMEVRY —ARTSFRX
2 v KDNA RE AL, BEEESYRY —L2DBEFEARY Z—L LTORHEIZONT,
FETANARZ Z—L LTRBELANONTNWE I FF =7 - URY —ALDURT =
7 F O i LR bR 2T o T

B S5 AIv FDNAZHALEEREY RY —A0RIRFREANZ—V

ERES Y RY — AL, EFAVBEFELT=UNIB-TI/FTuE—&—L¥A b
AFBTIANARLUNAV Y —2RLNY 72 5—BRETST ATy FpCAL2 ZH AL,
kMM transfect L7z & & DR ANRBIETFRBEIZOWTRE L. Rk, BIET
REMRICRIETTIERLE Y BY — & LHIE & 0B OZEIZ ONTOR bfTo .

EEAE & IR

(DAY 7=25—FHEF5AI v KpCAL2 DHEE

5 v ZAREEY A /LA (Rous sarcoma virus; RSV) long terminal repeat 7 @€ —% —%
BONYT 5 —BRHETSS AIy KpRSVL D HindIll /Smal 75 7 A v b &,
pBV1 ® HindIII / BamHI (Klenow fragment of DNA polymerase T Kui4k) TRMLIiz 7
AL, pCALl1 #%7. pBV1iXpBYl DFEE S ZAI vy RKTHY 67), pGEM-5Zf(+)
(Fu AH) iz, pCAGGS OHHKD=T M) B-T 7 F v /nE—F—LY¥ A hAHuvA
VAU N —, BX T SV40 early gene poly (A) signal ZHA LD THB. V¥
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7 =25 —¥ D coding frame &, B-T I/ FVAZ—"a RVDTISTFRICEHRERED 2D,
FVIX7 1 FF K (STTCCTCCGCAGCCAGCCATGGAAGACGGCAAAAA3) 275
A =—& LTHWT Kunkel HDEFENZHEY, site-directed mutagenesis & {71,
pCAL2 (6.4 Kb) 2447z (Fig.17). 5 SEBERIEBROBIZFBLFIZ, Sanger 5D EZHE
Wsequence TAHZ LIZ X VRER LTz

pCAL2 i3 L #If2iIc BT, pCALL, pRSVL L HEL, #NEN 20, 40EDONLT T =
S—ERFAER LI (F—F—I13ZREF). EBRIZIZ pCAL2 # Az
(2) 75Xy FDNA 2H A LE@EE Y RY — ADOFHH

pCAL2 (10 mg/ml) % 10 mM Tris (pH 7.6) / 150 mM NaCl /10 mM EDTA iZ%&& L, £
—E, F—HcECEFETHBEVRY —22E8LE. ZEL, VRY—LDPA X
% 04 pum ORY I —HRK— M7 1 V& — (Nucleopore) 2383 Z iz L VR LTz,
ZDVRY —L%, DOPUDENRRATIZLIZE > TSNV ARNA ZBiRE L
BUEATANAERANTE &, FHCELLFETHRBEYRY — 22T L.

JERE U RY —ARRHAINTWS DNARIZ, DNA%R 7=/ =), Tx/)—N /|7
2 ofRVATHH LEE, 35-U7 I REBEBR (THI5A4TA2) V& NEDI X
VHIlE L. BREE Y RY —AlZ, ODs520=10 %720 2.0 ug/ml ® DNA ZH A LTz,
(3) pCAL2 ZEH A LEBEREA Y RY — A2 S MlROBREFREL/L

35-mm 74 v ¥ 2z L% 1 % 10° AR L, 24 Rz Hia 2 BSS(+) T L
7e#%, BSS(+) TRE L7z pCAL2 ZH A LIS U RY — A (ODs40=0.1) %, 37°C
TO0 HEA S ¥z, MEM THIEZ2ZEiE: Lict, BEOERETERL, BAMNICY
V7 x5 —BiERERIE L.
(4) ERtE Y RY — AOBREFRIUCKIETHINE & OBMFEROZE

35-mm 74 v ¥ =2z L% 1 X 10° SRR L, 24 BEfRICHIfE % BSS(+) TH#EL
Tc#k, BSS(+) TRE L7c pCAL2 2 A LJERLE Y RY — A (ODs40=0.25) % 37°C T
1, 10, 30, 90 ZrHVEHI S ¥7. MEM THlilla% 2 EEgki: L7ctk, @EOEBETHEEL,
A FEMRIIN V7 = 5 — B2 HIE L .
(5) VY7 =25 —BEEORIE

N7 =5 —EiEHIR, luciferase assay system (E Yy P —2V) BEUNVI ) A—Z—
(Lumat LB9501, Berthold) ZHWTHIE L7z, &I relative light units (RLU)/ug
protein, HBWI RLUABS-mMm 54 v ¥ 2 L TELE.

Y g
N

N7 27 —BRESF Ay KpCAL2 2E A LEERE Y RY — A (ODs40=0.1) %
L Ml 37°C T 0 SXEfEA &8, ZORBINGRBIETFRBEAZ -V ERELIEL TS,
N7z 5 —BIERITIRIEFEAD2 HRIZEKRZRL, 4 HEE TRWEREZHE L
%, 6 HRIZIIBRKRIEEDORKI 3 00 1 12 Lk (Fig.18). Z D & 5 —BH DRI F3
Bix, 79 A3 v KDNABLEERIZHAAENT, RECHE - RELEZEZDEEZLD
hiz.
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p-actin intron

chicken g-actin

luciferase

SV40 poly(A)

pUC ori

Fig.17 Structure of luciferase
expression plasmid pCAL2
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Fig.18 Effect of duration of culture on luciferase activity in
L cells transfected by fusogenic liposomes

L cells were incubated with fusogenic liposomes containing
PCAL2 with ODsw of 0.1 (0.2 ug DNA/mI) at 37 °C for 90 min.
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Fig.19 Effect of incubation time on transfection efficiency
L cells were incubated with fusogenic liposomes containing
PCAL2 with ODs«o of 0.25 at 37 °C for various lengths of time.
Then the cells were washed twice with chilled medium. After
48 hin culture, luciferase activity was measured. Each point

Each point represents the mean + S.D. of three experiments.
represents the mean + S.D. of three experiments.

ET, BUEA VA NARZ L DEFESIEOTRIBZ ERANLN TR YO, Tz
LSURY —AFT R —FEHEOEE CHIRICEBNICHEAETERZ 2D, Vi
MOHIME & DEMEFFIICBVWTORWEETREZ RTAREENRZX DN, 22T #
EFRBERIZ RIS TGS U RY — A LRl & OB OZEIZ O N TR L
(Fig.19). FO#ER, BEEES Y RY —Aixbd2 1 Mol L OR8N TD, 904
BMEDLED 5% bDONY 7 =T —EiEEERL, EREOMIEE OBMIZBNTD
BEWBEIRERRTZENHOM LR . ZOX 5 RWEIZ, KEHEY RY —ahit
VEATANADBNREMAREZDOEERF LTI LERBILEDDOLEEZ BN

Tz.

-31-



B BREEIRY—LLeHFF=v I VRY —LORIBETHREEDOLLE

JERE Y RY — AOBRIEBETFIHERANY 2 — L LTORFMIZ OV THRS b, BizF+%
SR, MiaEEd, LEFEELETOREFRBIZOVT, EVANARY X —DhTE
HIESAONBNTNAIFA=v 7 URY —ADYRT =7 F 05 L il L Hikdt
Ziiol.

(1) ERLE U RY — A2 AV~ DB EA

JERLE Y RY — A LI OEMFFE OBIEZFRE~OEBE LA ERIZB N T,
35-mm F4 vy 2z LBX U HeLa fllz% 1 X 10° [HBEL, $=3, E—Hiic#ELk
FHECHEBAS Y £ — A (ODs540=0.25) # 37°C T1, 10, 30 Ve &S H 7z,
BBEORY 2 — 2R S 2ERICBO TS, BERE U RY — A (ODs40=3.0,
1.0, 03, 0.1) % 37°C T90 rREHEE .

BETFEA 48 BBy 7 =5 —8iEl, BIUOMREEELAIRE L.

(2) AFF=y 27 URY—A - DNABEEEEANTEZEHRE~OREFEA
BFF=v 7 )R —5L LT N-[1-(2,3-dioleyloxy)propyl]-N,N,N-trimethylammonium-
chloride & dioleoyl phosphatidylethanolamine DS (1:1 (W) THAIVRT = 7 F
(GIBCO) %z, pCAL2(B.0pg) LV RT7 =7 F > (150 ug) ZFNFH 100 pl D
EMFEMEM IZBB L. HERZESL, BETIS oKD 2%, EIE MEM T
BERNBERFRLE. Zhi, EMSGYVRY —LLEEOY R b a— LV CHRIZ/ERSE
Iz.

HFF=v 7 YRy —hE DNADOHEL 5:1(w) ObDORBIEFRENENEHET
Y (F—E2—IRET), ERIIIZOREDOLDER V.

(3) MikaEEEORIE

HIafEE#1T Bio-Rad protein assay kit (Bio-Rad) 2T, HIBEOBHERHIET S
ZLIZEXVEE L. ARIZBNT, BHBRHET S Z &Iz & 2SN oM
13, ARiFaEE MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide) ¥573)
EVHlR LD D LHBL TV .

(4) MBEHFEEALTORIETFEA

35-mm 74 v ¥ =i LAEE 1 X 10° ERE L, 24 RRR%IcHIfE2 BSS(+) TRk L
24, HOHPUH 37°CIziadiz10, 20, 40, 80 % FCS %4 MEM % 0.5 ml il z 7z.
37°C Iz{E - L7 MEM (2 8838 L7z pCAL2 2 A L7zBEREES U R Y — A
(ODs540=0.5; DNA 1.0 ug/ml), HB3WEATFF=v 7 VRY —A - DNAEEE (T
=v 7 UV —A50ug/ml, DNA 1.0 ug/mi) 0.5 ml ZHIFIZIN%, 37°C T 30 2R
X877 (B FCSEEE 5, 10, 20, 40 %). MEM CHIE 2 BE48, EH OIERK TR
L, 48 BBz S 7 =5 —EiEEHIE L.

7B, FOMOREBFTEIZOWTIE, FifiE TIEEROBIEEICH - 72.
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I =~
iy

L B XU HelLa iz BN, BRIV RY —AEhFF=v 7 URY—A +-DNAK
eth%, BADOKBERASEREEZXZDORETRIGRICONTHER LEFKRE Fig20 i
AT, ZOWE, invivo OMIFRICEERE T (R & —) 2BATIHEICIT, Ml
& —NERR intact REEEATAIZ LIZZEX DRV &5, MilE OrERRREIZ
30 R0 & COHEBMEVERIZ O THRE L. £/, DNABERZ, bhFiF=v IR
Y — A + DNA &S HEERZITEA ERE P o2 05 ug/ml ZHE—LTiiok
(IFF=> 7 VRV —5 - DNABEEHN, BETFEARICHRGEEZMES Z Lidkid
T3). BbRAZIOFETTIE, BEA Y RY —r3LeMagEtErRIRPr o k.

ERA YR —ADBAIE, LBEXU HeLafifde d 1005 10 2HOEATLEND
N7 =25 —PiEERELNEDIZHL, hFF=y 7 VRY —A - DNAEHAKTIZN
UV ANV DEREEBS DIZiE 300 HOERRBETH o . T, 10 4 E TOER
Tt BRESVRY —2AR@ZIFF=v 7 VRY —A - DNABEKIZESR, 44505 100
B EoEEERL, ERE Y RY — AIFERIZEORE THRIZBIZTFEATESZ L
BEELM LR, ZRREFEVRY —2RB, BEVEATANADEyRu—FEHE
OB X CTREBNIZHEIZES L, Atk - TREFEEEMRENICEATSEDIZAL,
HFF=v 7 VRY—A - DNABEHRIZEIZHIZHESE L, iy R9A b=V
2 THIEPRIZER Y A EN B 74 i GREE CId B IEFEBATERNW DD L E X
bhiz. .

wiz, BEFRERLHMBEZHCRIETHERS X —DRBREOEE L OWTREHLE
(Fig.21). BARBEOR Z—% LRIz 00 2BVERERRZEZ A, RIZ2—L D
BEKENREEFRELZR L. BEEE Y RY — 5755 DNARE 0.2 pg/ml ORIREIC
BOTHEWIAY 72T —BEEERLEDIZHL, IFA=vy 7 VR —A -DNAK
SEIIFCEBETIXZED 4SO 1 UTOFEE LIRERP . & HIZERE D DNA
0.005 ug/ml IZRNTiX, BFF=v 7 URY —A - DNAEEHM 1.1 RLU/pg protein D
EHELPRERPoTDIZH L, BEE Y RY —ATIZEDHK 30 £5D 29.5 RLU/ug
protein DIFELER L (F—F —iFZm&ET). ¥k, hFF=v /7 UK/ —A  -DNAK
BHRNEREE Y RY — A LFEOEREERTDHIZIZ, DNA 2.0 ug/ml EL_EDEEREH &
BETHY, POFOFKETTRRMgEELEERTZ LITBTFONRPoT. —7F, ERLE

URY — Al FIBE (ODs4w0=3.0; DNA 6.0 ug/ml) i8N Th e MiluBEEkZ RS2
Potr. TNOHDERPS, B AL ANV ADERMERELFIH LIZERES Y RY — A,
HFF=v 7 URY—5b - DNABEESED L 5 2 - {L2NEEEEFIHT S HEICH
R, BETHERIKARBELLZ2EBA - BREIEDIZLATELIZLBHLP LR ST,

&TC, invivo OMMBHIE~OEEDOBRIZTEAZZ XL TLRE, ABNITITEEFEAZ
T AEARBHEREDODRFNEETAZIERELONS. £ T, BRI X —0D&s
FHRBIZRIETMBEOZEIZ OV TRE Lz (Fig22). BEREE Y RY — AZMBEFELIZ
BOWTHBETEATE, 40 % MEFEILIZBNTHMEEEEILDOELEDT0% b D
BEFRBER L. —F, hFAF=v 7 URY—A - DNAEAEKIZX5BIETEAD
MEDOELEIZ L Vi HEEN, T 5% OMBEBNFLE LT T 99 % Ll EiEHESHE
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§ @ 1000 g 500 é/’
3&E 500 / 250 /
% .

1 10 30 1 10 30

Incubation Time (min) Incubation Time (min)

Fig.20 Effect of the time for incubating cells with fusogenic liposomes or cationic
liposomes on gene transfer

L (A) and Hela (B) cells were incubated with fusogenic liposomes containing pCAL2 ( F4 )
with ODsao of 0.25 (DNA 0.5 pg/mi) or complexes of cationic liposomes and pCAL2 (cationic
liposomes 2.5 ug/mi, DNA 0.5 pg/mi) ( []) at 37 °C for 1, 10, or 30 min. After 48 hin
cuiture, luciferase activity was determined. Each point represents the mean + S.D. of three
experiments for fusogenic liposomes and of four experiments for complexes of cationic

Luciferase Activity

liposomes and DNA.
(A)Fusogenic liposome (B)Cationic liposome
D 100 F = I I .z 160 { D100 . T 18.0
% 80 F /’} -4,_55.'-~ %80' T . 4 6.0
e~
3 o[ 2 22 Sef
5 ,{/ 130<3 3 {40
L w1 283 2 a0 f
2 of 15 295 g d 20
3 20F T8 E 7T ,}/ '
S 3= 2 o]
> 0 0 0 0
ODs49 01 03 10 3.0 lipid conc.(ug/mi) 1.0 3.0 10 30
DNA conc.(ug/ml) 0.2 06 20 6.0 DNA conc.(ug/ml) 0.2 06 20 6.0

Fig.21 Effect of the concentration of vectors on gene transfer activity and toxicity

L cells seeded on 35-mm dishes were incubated with various concentration of fusogenic liposomes
containing pCAL2 (A) and complexes of cationic liposomes and pCAL2 (B) at 37 °C for 90 min. After 48 h in
culture, the cells were harvested and the luciferase activity and the amount of extractable protein were
determined. Each point represents the mean + S.D. of three experiments for fusogenic liposomes and of
four experiments for complexes of cationic liposomes and DNA.

2000
Fig.22 Etfect of serum proteins in the medium on
1500 F gene transfer activity

. L cells seeded on 35-mm dish were treated with 0.5
mi of MEM supplemented with 10, 20, 40, or 80 %
FCS, and were transfected with 0.5 ml of serum-free
suspensions of fusogenic liposomes containing
pCAL2 with ODs« of 0.5 (final ODs«=0.25, DNA 0.5 ¢
g/ml) ( @) or complexes of cationic liposomes and
pCAL2 (cationic liposomes 5.0 pg/ml, DNA 1.0 pg/mi)
500 | ( ©) at 37 °C for 30 min (final FCS concentration is 5,
10, 20, or 40 %). After 48 h in culture, luciferase
activity was measured. Each point represents the
mean = S.D. of four experiments.

1000

Luciferase Activity
(RLU/ ug protein)

0= ) Q@ 7 Q
0 10 20 30 - 40
FCS Conc. (%)
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KLl Zhii, IFF=v27VRY—As - DNAEAEKDOEEIZ, DNARBYRY —A
RIZHAZINTWBEDOTIERL, BIZEABEER L TWAEITROT, DNARBXZ L
T =PRI VDRBRES TFEDOERBTONBRNI L, HAINZIIFI=v 7 U RY — LD
ABRMEEABRIVEELZZT D LEZONS. EMEY RY —ADBEIZII,
DNAZ U RY —ARIZBHBAINTNBI DX I VT —BIREXD53EPHEMTESZ
L9, BRSTEEANEENEOEERIZLA EZTRP o kdicBEEELTH#EE
FEATEZIDLEZ LN

INHORRPS, HEEE Y RY — ATERET, BVRBETHERFEATE, »o
MBOEERIILALEZTRNZ ENRHELP LR, R in vivo ORI~ DOEED
BEFEARBNWTERENTRS Z—L2Y 5 3EEREX b, £Z TRERZRBY
TiX, BERLE Y RY — A%V invivo BIEFEAIZOWTRHFAZT - T2

B ERA Y RY — ARV ABEKEAD invivo BEEREFEA

JERRE V) RY — A ZHW invivo BIEFEAIZOWT, Sarcoma-180 (S-180) fEkiE~
Y 2128 UT pCAL2 HAERES U RY —AZBEEALREL, S-180 oL 7 25—
PREAEZFARD Z ik kit ifTo .

N
& v,

(1) S-180 BE/KSERIIE~D in vivo E L THA

S-180 #fE (1 x 106 ) % ddY it~ R (5 BEF) ITEEA#E L, 5 HERiZ pCAL2
HAPEREA U BV — A (OD540=1.0; DNA 1.5 ug/ml ), BXUOHFF=v 27 IRV —Ah -
DNA %44k (DNA 1.50r 40 pg/ml; DNA: hFF=v 7 YR —A =1:5(w)) 1ml 2
JERE G Lie. 48 BEE#RIC S-180 MEREZIEREN K D EIRL, AP 7 =5 —EEERHE
L7z.

2B, FOMOERGEICONWTIX, Bifli E TIZRRBROBRIERERIZHE > .

IS >
N

1.5 ug ® pCAL2 ZH A LA Y RY — &% S-180 EABMEEZE Lic~ U Rt
e 5 Lzl 25, S-180 MificEm WAL Y 7 = 5 —BIEHNEE® bivik (Table 7). —7,
HFF=v 7 URY—5 + DNABEESKDODNA 1S ug BETRIFEAENT 725 —F
EMAERES, DNA4O ug OBFIZBNTHIEAIE Y RY —AD DNA 15 pg D & E DK
850D 1 DIFEH LI RERP o, DK, BRI Z—%HE5E Ly XL bEERD
LOBWERIZRE o, ¥, BEEROMIEED BSS(-) 285 LU X LELIX
hote. ZTNHORERIT, BEEE Y RY —AlZinvivo OFIfZIZR LT EERE T
BATEXBRZLERLTRY, ZOEHIIREGERZOERIIANDS L, IFF=v 7 IR
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Y —2A - DNA#EAHE L, 1,000 fEEL LIRS I N LML 2.

Table 7. Comparison of in vivo gene transfer activity of
fusogenic liposomes and cationic liposomes

DNA Conc. Luciferase Activity
Treatment (ug/mouse) (RLU/107 cells)
Fusogenic liposome 2 1.5 8013 +809
Cationic liposome b 1.5 49+ 07
40.0 922+ 18.5

S-180 (1X106) cells were i.p. injected into male ddY mice at day 0. At 5 days,
fusogenic liposomes containing pCAL2 or complexes of cationic liposomes
and pCAL2 were given i.p. At 7 days, S-180 cells were recovered and
luciferase activity was measured.

a); Fusogenic liposomes containing 1.5 ug of pCAL2 were injected i.p.

b): Complexes of cationic liposomes and 1.5 or 40.0 pg of pCAL2 (DNA :
cationic liposomes = 1 : 5 (w)) were injected i.p.
Means+S.D.;n=3

BUET /N

JERRE U RY —ADBIZTFEARY Z—L LTOWEIZONT, ETVANARZ 22—
LTEL OO TWARIFF =y 7 URY —ADYRT = 7 F P LB LN bRk
HLz BEREVRY —A1X 1005 10 2 OERE ORI L oIz BN THEETS
BATEREORML, IFF=v 27 URY—A - DNABEEK TR +oRBEFEELS
BT 0 0B EOVERABRKNETH -2, £, hFF=v 7 VRV —Ai -DNA
BEEIZ, BEEE Y RY —L LRABREOREFRELZB I OIITMBEEEE2ES Z L
DT SN oeDizH L, BEHMEY RY —AIFEEBEIZBWV TS (ODs40=3.0; DNA
6.0 ug/ml) &< MR ER 2 RSB, EBI, FEEEY RY —AZMEFELIZR
WTHBIRTFEARTETHY, T HOWEE KM L T invivo D S-180 #lifaizxf LT,
MBI BIETFEATEZLRHAETH . —F, WFF=v 27 IURY—As  -DNAHE
SHE, BERASY BRY —AD 25 5L O DNABREEL TOhFMRERLIVRES,
JERIA Y RY —AZHF A=y 7 YRV —h - DNAEEH L Hlg LT 1,000 520 Exhz
X< invivo DHIfIZBIEFEATEZ S Z L HBH L.

SEIEBRICANWCEIZFIL, MEATEEASERSIAI Y FTHLLH—BEDRIR
FRELPRERP o (Fig.18). BEE& Y RY — AT BEEFE2HRNICHENICEST
DORY Z—DRENZRBELTVWBEDTHY, —BROBRRETFRELIPRIRP>TER
i, BEEA U RY —AOBETRERL, BASNCBETZEOLOOMETHS. Tt
BiE, kEEZPLE LEBEBEFHEOHIKERTRHVWOLNTNEIYANARI Z—DL b
BTANARY Z—=RTF ) IANVAR Z— LI RESHER2RIZTIHETHS. 7
bbb, Lo AART Z—RT 5 ) UL VAR ¥ —TiX, BEFOBROEDORE
BREAIR7 Z—HEOWBIZEKELLZDDOTHY, BAShIBIETOEREIZIERI
B, —7F, ERS Y RY —20%41iE, $lxiE Eptein-Barr Virus (EBV) 79:80%
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bovine papilloma virus (BPV) 80-83), simian virus 40 (SV40) 84, human papovavirus (BKV)
85,80) 72 ¥ D EN Itk N T A4S DNA & UCHEBIRIRER 7S A3y RBERWAZ LiT
kKR BEFRERZBHIZEDHELEEZIONS. T, BERIE Y RY — L)
TR IFF = I VR —LBREDETANVARY Z—ZBOWMETH BN, AHZE
THORERSTZESIT, WFAF=v 7 VR —ABREOYHE - (LZNEESKEFATS
EEMBNRFTETIE, BEFORBREFRLONT UV R2ITHL, MRESEEE2RTZ
LR BN BIEFHRRLEBDIZ LRASTIERY. EREYRY —L08E1F. U4
N ADRBRGBE R MR A L TRLR, DRI BBEF2HRNICEATE, &b
in vivo OHIfE~DOBRIEZEFTEBALTETHS. ZDOXSIZEREYRY —AIL, YA NVRE
ETANADHEAOWEEF LIENA TV Y MR Z—THY, A NARI Z—LIE
TANARY B—DEFREEbRRE R Z—Thd L2 5.

T, EREYRY —AEBEDTETANARY Z— it BOMELSL LT, Mgz
BASNEREFPRICBITTAHEENRRN 104 LEFRRBNE VLI ERBT NS
15870, Zd 104 L WO EFIR, HER—RINIZHEKT 2 EMbOEEME 2 AV icgsEt
ZEVBHLPZENZODOTHY, MRSAZTT> TORWHIRIZBNTIE, X biTE~
OBTIIFIREINDB Z iz b, TR, KEs oS 22 % L TWRY in vivo
ORIFA~DEZDOBIZFEAICBICIZERICRERMELRS. MlaNIcEBAIhZEE
FiT—iz, BRIEETS RNARY A5 —PRREDEERZITTHHTHRREIN, &
HELRBADTHEIPE, BEFEERETAI LRI~ THENRODIEHELZBS -
DIZiE, BEFRENCETELRINIERIIRIRVWZ Lizd. 240, flas
HEOEEEZE-STDIT, HMEEZE L THWB 0 LFRIZ, i DL DR R
DI DITHENEEL, HE L BA~NOWEOERIIRFICFHEINLTNS. Z0D
%1%, BEFOHNOBITZLEORICLTLERSES ), H 20V OREE
T 57Dz, MEENTERRETFREZITO VAT AORENEERMARELRD.

MEN CHEREIREIEBVAFLADOVEDR, X257V F 77—V TTRER
NHSN TRV, BELTTREAREZAVWERFZEBLTNS. TRbL, N7
FUF 77—V TIRNARY AS—EOBRL, T7 7aE—&—OFIET TR T3S
#3575 AI v KDNA L ZFFFZEME Y RY — A2V THIRIZEATS ENS b
DTH5. EESVRY —LIBIEFRET TR, BHEREYVRY —AZHATESD
DTHIUTE OREWE TOMEAICEAT S Z LATRBROT, RAREEERIETC
METEBRRY, "7 Z2—DUYRIZEALTORRMIZIEE IRV EREDbNIS.
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#PUE  Tumor Necrosis Factor-a (TNF-a ) Bz F&#E A LIRS U RY
— A DEERE R EFIEEA~DIL A

YA M A VEBIEFEEMBIZEAL, BEXOESRERILDOE®REZ TS 8EF
BRI, BEWEBICHT AR LWIEEE L LTHRERTNE%2S), KX, £2ToRE
MR B FEATERS THHEEAERINZ/DIILENTEL LEXDND I LD,
BN EERIEFEZEBATS invivo 7 72 —FIZBNT ORI RBEIHTES. L
ML, BADYA MA L i#i5+% invitro TEMIRIZEA L, FOMKE% in vivo IZBHE
T3 exvivo 7 7B —FIZ L BERIZBNTIZ, %< DEMRIZBW THIEE®ER LD
FBENHR BN D DITH L4100, 4TIz invivo IZFE L TWAEMNIZ, EEfRET2E
ATBZ LI E>THEDREZRZ WO BEITEEIZDRY. ZTHX, B2V A
A VEERS Z—REEAICEREL, HEEAERISE—RFETELLLTD, EEN
HIBEORE S EBINE, BEEEOMFIZELIZLARETHIZLERLTNS.
FDY, BETIIERDOY A MM UV BIETEHAGDE TRERDI LSR5 1EHRLE
Uz 107.108), 1 N A Vst & BRBRIEF2MASDREFEREBRHEEINT
VBRI, ZOEBPRVOBERTHY, 2FLVHFRAPSOT 7 —FRAREL
2z2bh5. BT 28EFHRE F0, B, BEIRELTOEAPD, invivoE
BERETEARIDIFENREE LW LIZHHADOHETSH S A, in vivo BIZFHREIZBNT
PHEESENEHFTEDIRY Z—V A7 ADORRBNIEEICHEE R 2, S RIEENZE
BELRoTNAS.

JEE A T a (Tumor necrosis factor- a ; TNF-a ) IXEIZxT 3 BIEFHBEIZB N T
BOIESHAREINTHE YA MM VBEFO—D2THY, EHRSCEREREY > 3Kz
invitro TRIEFHAL, ZOHIEE invivo BT S Z Lick > T, HEBRERILNE
FETEXDZ LBHEINTNE9106110) X 3z, TNF-a BFEEMEZEEEOR E
1D, EEmENEMROEELFIER I3 L0114, Bl &N Rl CEEME
@ ICAM-1 (intercellular adhesion molecule-1), ELAM-1 (endothelial leukocyte adhesion
molecule 1; E selectin) EDEELS TORFZFETI Dz en8mbhTns. ¥k, &
LR OMBASREHMICIRET 5 )it ETEENEANKMRIZERTILERDS.
INHDT Lw#ERTHE, TNF-a %EEMB Lo ME P B REE &N i
CEAIEDZ Lizk o THEEMMO TNF-a BEZERNICED, BEORR S TIEE
MBENEHIIIZS TNF-a BERA LY 3V AT AREET DI LIRE VAEROFENZ
EHALB R ON D FTREMR D 5.

FIZTAETIX, BEBEIZNT S invivo BIEFHRBEOH LW E UT, EEXES
RNIZE b TNF-a OBEFZEEEATS Z Lizk o THEEMES EROMEN KM
EEMENEMEIZE N TNF-a 2EESYE, BEEBEEOMFBINALND P E 5 P a2RE
L7z
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B MENEMIE~O TNF-a BIEFOEA

JERLE VRY — Ak b TNF-a BB 75 A3 v KpCATNF2 ## AL, H#7SKH
AR PN B2 (BAEC) IZVEFl S 872 & & D TNF-a OEBEBIZOVWTRE LK. %1,
S-180 #E % footpad IZBHE LTz~ 7 ADEE X ESIRTH 3 KB RA Iz H
pCATNF2 f AJERE Y RY — 2285 L, KBRS X OBEE A (footpad) D TNF-
a DREBUZ OV TR L.

EBRME L

(1)TNF-a RB 75 A v K pCATNF2 DkEE

t k TNF-a cDNA 0% pBR322 @ Pstl SALIZBA L2/ 5 A I v K (KB A&k
RSFLIUHEREE XL VES) OPstl 755 A2 M, pGEM-3Z{(+) (a2 AH) @
Pstl SWALIZIEA L. E£EUR S5 Ay RO Hindlll 754 2> M %, pBV1® HindlIl
ALz A L, pCAINF1 %2457. pBV1iXpBYl OFE S5 Ay KTH V), pGEM-
5Zf(+) (71 A H) IZ pCAGGS K D=U NY B-T I/ FoFuET—R =¥ A R XK
A NVAT N —, BX U SV40 early gene poly (A) signal 2FA L7z b DTHB.
TNF-a ® coding frame &, B-T 7 F LV AZ— P a RV DTS T RIZEHEZED 2D,
VX7 LFF R(TTCCTCCGCAGCCAGCCATGAGCACTGAAAGCAT?) #7754
<— & LTHV kunkel & DFEN TRV, site-directed mutagenesis 217V, pCATNE2
%7z (Fig.23). 5 JERNERSAB OBz FHELFUIX, Sanger & DHEZHEW sequence T 5
ZLIZEVHER L. pCATNR2 2 X VA INSEHENEEDOH B b TNF-a TH
5z 2%, 1929 #ifa% FAv /2 Bioassay 110 %475 Z iz X WRERA LTz,

pCATNF2 iZ L iz BT, pCATNF1 LHEEL, 155D TNF-a OB LZRLE
(F—&—I3RET). FEBRIZIZ pCATNF2 2 vz
(2)75 A3 v KDNA & A L7ZERE Y RY — A DFHH

t b TNF-a BH 75 X3 v KpCATNF2 2H\, $£=%8, H—HIicELHE Tk
HVRY —ABFERLI.

hTNF-a

g-actin intron

SV40 poly(A)

chicken g-actin
promoter/
CMV enhancer

PCATNF2
5.4 kb

¢ pUC ori

Amp'’

Fig.23 Structure of human TNF-c
expression plasmid pCATNF2
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(3) ¥#7 v KEARILE A MG (BAEC) iz} 5 TNF-a F#E

35-mm 5+ v ¥ =2 BAEC % 1 X 10° {8 L, 24 ReRICHIREZ BSS(+) TH# L
7244, BSS(+) TR L7z pCATNE2 2E A L7z & U R Y — A (ODs40=0.25; DNA
0.5 ug/ml) % 37°C T 90 #rfE/EH S ¥7z. DMEM THIfEZ¥E%%, BHEORERIK THE
L, BEREBIZHWMEINT TNF-a OE4 8% ELISA (Enzyme Linked Immunosorbent
Assay, BioSource International) ¥ CHIE L7z, ARBEIZBIF 5 BHERIX, 0.112 pg/ml T
Hotr.
(4= ZKBREYIRIN AN BRI~ D in vivo EERIEFEAIZ XD TNF-a 5

ddy ket~ 2 (5 584) OEM footpad iz S-180 M (1 X 106 ff) 2 L, footpad
OEEASmm L EGERIZFN 2mm) iTE L 7 BRI, EHABEREZEHSE, 27
F—U O EFANT, pCATNF2 2 A LRELES Y R Y — A (OD540=6.0) % 30 pl
(DNA 0.36 ug) KEBBNIRMICEERE Uiz, 10 2R ZER Lk, 7T e 77y (2
#) TMEORESIE, MFELERESE. 48Kk, M% 1 cm & footpad DEE %
B L, BSS(-) CTRE LAY L7zth, HHSRUREZ 3EEVIE L. #EOIT TRl Z LB
X%, LiEk&END INF-a OE% ELISA B CHIE L.

I N
» ~

t N TNF-a B 75 A3 > K pCATNF2 Z##H A L zEad U R Y — A% BAEC IZE
A&z A, Bk bR BAEC X V2SN TNF-a 8RB 5, ZORME
PEAEEIIRINE 106 Az v 18T 381 pg iTE LTz (Fig24). TNF-a O 24 WfiidH e @
BEREEIZ, BETEA 24 S5 48 Bl £ TORD 116 pg/10° Mifa TH - 7z.

wRIZ, =W AD in vivo DIUEN EHIA~DOBETFEAIZONWTRET B 2, footpad
12 S-180 M AR L, footpad DE XA 5Smm LLEIZE Lz 7 B pCATNF2 # A K
A&V RY —AZBEEXEDIRTH 5 KBEEIRNIZERE L (Fig.25). invitro T BAEC
CBIETFEALLEEIZEE®D TNF-a OEEZR L 48 RERICERE Y RY — 2%
BELEZNE (1cm), BEITFOTHRIZBHIN TN S S-180 fifaz B L, TNF-a @
FI ATz (Table 8). FDOHEHE, IMFIZIBWT 3703 pg DD TNF-a DELENED
N, BEEASYRY —AEHANVEZ Lizk o Tw ZAOKBEIRILE AN RHEA~NDOEZ DR
EFEANRTETH . ZIIERE D RY —208, EREOMEE o8z L >TH
FoRBEFEANTES LV HE (Fig20) #EMmLEzbDEEX BN, kT,
TNF-a OFHZ footpad B S NIZBEHMITBNTHED b1 (689 pe), JEEXE
BIRTH B KEEBIRD HB G SNERHES Y RY — A1, —HEEBMETEZEL, &
FHREA LD OLEZ DR, EERMOMEITEEEBOME ICHEEWEEME 2R
T2 ERAMBNTNBRIUELD, JRY — ARBEBRTE B1ZETRRNWED, EER
MizBT 5RIEFREZIFCEENENEMRIZE ~TEEESNLD D LEEZ . 2
B, =Y ADMHIZIZE b TNF-a XD SNRP o (F— & —IImET).
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TNF-c. production
(pg/108 cells)

400

300

2001

100

Fig.24 TNF-o production from cultured bovine aortic
endothelial cells (BAEC) transfected by fusogenic
liposomes containing pCATNF2

Cultured BAEC were incubated with fusogenic liposomes
containing pCATNF2 with ODs« of 0.25 at 37 °C for 90 min.

Medium was recovered every 24 h, and the amount of TNF-a
was measured by ELISA. Data was expressed as total TNF-a
production. Each point represents the mean + S.D. of three
experiments.

NN

N

24

& RaNaH

72 96 120 144 168
Time (h)

Fusogenic liposomes
containing TNF-a
expression plasmid,
pCATNF2

/ Femoral artery

Tumor Femoral vein

Fig.25 Diagram of the introduction of hTNF-a gene into the mouse
artery controlling tumors

Table 8. In vivo expression of human TNF-« in the artery vessels and tumors of
the mouse after direct transfection of fusogenic liposomes containing pCATNF2

Human TNF-a production

artery vessels (pg/cm vessels) 370.3 +134.7
tumor (pg/site) - 689+ 19.6

S-180 cells (1 x 108 celis) were inoculated into the footpad of ddY mice. On day 7, 30 ul of
fusogenic liposomes containing pCATNF2 with ODs40 of 6.0, which contained 0.36 pg of DNA,
was injected into the femoral artery using a 27-gauge needle. Blood flow was stopped for 10
min to transfect the artery. After incubation, the needle hole was closed with an adhesive
agentand blood flow was restored. Fourty eight hours later, the femoral artery (1 cm)
transfected with fusogenic liposomes containing pPCATNF2 and S-180 cells were recovered
and human TNF-« levels were measured by ELISA. Data represents mean = S.D. of four
experiments.
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BOE ERLA U RY — AR~ AKBERNICERE U L & OHAMEOKAS

Biffiic BT, pCATNF2 ZE A LAY RY — A2 EEXHEIRNICERETDHZ
LizkoT, MEBLVBEERIIZ TNF-a OREBALNDZ ENHLPERST. £
AT, EEE Y RY — k<7 ADOKBEERS S 5% O AME OMEN R
AR A~DJFTEIZOWT, Fluorescein-isothiaonate (FITC)-7¥ A b F v (FAR &
71,200) ZFERIE U RY —AIEAL, BEIEMSEBRTIZ LI TRA L. ¥,
pCATNF?2 #t AJERI S U RY — A& 5% D pCATNF2 ODERNF I ONTIHRRD 2,

A st > pCATNF2 D JRTE% Polymerase Chain Reaction (PCR) #4795 Z iz K W KREF
L7z.

N
& v

(1) FITC-FX A b5 #H A LZERME Y RY — AORBEEBIRA~DEE
o, B—MicE U FETFITC-FX A 5y (F44F& 71,200) (300 mg/mi)
(Sigma) ZHALE—KEY BY —22EHL, NELEVEASTANRALRIESE TR
AUV RY —a2B(Ek.
ddyY k< X (53B4S) ORBEHIREZFEHIE, 275/ -V OEH#HEZHANWT, FITC-
FRZ NS URHALLERE Y RY — A (ODs540=6.0) % 30 pl KEBEIRAICEEREG L
Te. 10 AyBEILFE %80T Licss, 27—V Okt 2 VT BSS(-) 2% 5452 &Ity
MAENZEE%E L, KEBEIRE X OKBEEARERS 2 [EUR L TQ#EA] (TISSUE-TEK; Miles)
AL, BEERTHBZEE LS, 7V AEZ Yy NTHEWR Z/ERL (15 pm),
WHEEMEEIL L Y ME~D FITC-FF A NSV OREZEE L.
( 2)PCR iz & % pCATNE2 DR G DRt
pCATNF2 2# A LI @& Y RY — 2%, FHE, FMicB T FETHERLE.
ddyY < R (5 384) O footpad Iz S-180 HHME (1 X 100 i) #HE L, FIE,
B fc ¥ U HEEC pCATNER2 2 H A LS U RY — A 25 L. 48 R,
EHABEEINR (1 cm), MEE, W BoiR M OB FE BE EEzERL, 20mM
F Y Z (pH 8.3) /0.5 % Tween 20/ 1.5 mM MgClz / 25 mM KCI/ 1 mM EDTA T 10 % €
PRA Mok, ZZit7urAF—F K& 01lmg/mlizied X 5Tz, 56°C T2
B SERZ. 95°C TI0MRIEERDZ 2LV TIuFAF—E¥ KEZRESYE,
12,000 rpm, 54fh&ELLE. EEODNA%R2 72/ —N, 7=/ —N/780KVAT
W%, =&/ —AikB%EiT, DNA100ng 2 PCR AY-> 7t L.
t h TNF-a OBEEZEFEIEOLZDDPCRDFS5A<—i, WOLHIRXTFTFA > Lk
t h TNF-a £> X754 <—, 5-ACCTCTCTCTAATCAGCCCTCT-3, 7Y Ftv R
54 <—, 5-GTTGAGGGTGTCTGAAGGAGG-3 (g7 57 2> b3 A X, 585bp).
2B, ZOF54<—I< T ATNF-a LIIRELRVWIZ LEEA LK. PCRIZIB3CT
2 5 FENE LUTet, 93°C T1 4%, 61°C T1aMo7T=—0>7, 2°CT1H
RIDIER % 40 1 2 VT oTe. RIBETH, 20 % 7Ha— RS VEKKE 2170,
TFTy AT u<wf KTDNA LB L.
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Fig.26 In vivo dellvery of FITC-dextran into the artery vesells by intraarterial administration of
fusogenic liposomes

Thirty microliter of fusogenic liposomes containing FITC-dextran (Mw. 71,200) with ODs40 of
6.0 was injected into the femoral artery using a 27-gauge needle, and blood flow was
stopped for 10 min. Then BSS(-) was injected into the artery to wash free fusogenic
liposomes. Tissues were isolated and quick frozen, embedded in O.C.T., sectioned at 15
pm, and set onto glass slides. Sections were examined by fluorescent microscopy. Right
vesell indicates aorta, and left vesell dose vein.

1353 bp
1078 bp
872 bp

603 bp

310 bp

1234567 8 910111213

Fig.27 Tissue distribution of vector DNA after intraarterial administration of fusogenic
liposomes containing pCATNF2

Fusogenic liposomes containing pCATNF2 were administrated as described in Table 8. Two
days later, each tissue was recovered and treated with 0.1 mg/ml proteinase K, 0.5 % Tween 20,
1.5 mM MgClz, 25 mM KCI, 20 mM Tris (pH 8.3) at 56 °C for 2 h, and then at 95 °C for 10 min.
Then genomic DNA was prepared by phenol and chloroform extraction. A PCR was performed
by using 100 ng genomic DNA for 40 cycles of denaturation (93 °C, 1 min), annealing (62 °C, 1
min), and polymerization (72 °C, 1 min). Samples were analyzed by ethidium bromide staining
on a 2.0 % agarose gel.

BRIE U RY — A%< AKBEIRICREGTHZ LIk, HAVELEARIMBEN M
FUZBEA SN TNWBZ L 2R T B0, FITC-FF R M5y (CEHHT& 71,200) 2EH A
LAY RY —22HANT, MEA~D FITC-FF R h 5 ¥ DO RTELE R NFEME T8
£ LT (Fig26). FITC-7X A N T VEAERBE Y RY — 22 KBEHIRICES L, BRES
X OEIRER > ORI R 2 ER L e & 2 A, FIRMENLHMIRIZIZ FITC-FXF A R0
ﬁ%?ﬁ?immy} Hi, H%FET\A DR — ALi%ﬁ)&;il‘]&%’g%ml%klj\]ﬁfﬂ]ﬂ@l’ﬂkﬁl LTW3%
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DLEZ N, —F, HROENRMIIZIZZL BEERAD LN, KEBEHIR» %G
SINFEMES Y RY — AT, FIRSHAOMENEMBICEE L, WEEATESLD
LEZ N

wiz, & FTNF-a 875 A3 v FpCATNF2 2 A U ERLE Y R Y — b % KEEE)
kA S5 LTz & & D pCATNF2 Dligsr i %, PCR %175 Z &Iz X W& LTz (Fig.27).
KBEEIIRE 53T BV Tl pCATNF2 OFEFEERRT 585bp DAY RBEH LN, —HED
T D footpad IZBHE SNTZEERAMIC DB SN, T, Table 8 IZBWTHE L
TS & BRESAID TNF-a OFEEZRM LD TH o, —7, IME L EEHMIAN
DOIEERHBIZBNTIX, AFETTIREIRY FEEAD N, KEBER»SHREINE
BERE Y RY — A%, B EZFOTHOMMBTH S EEHMBRICHENICRIETZ2EALRZ
bDLEZ LN, T, ERE YU RY — AR THEBRESPIZHMHEIN S )T
(F—&—IRET), BEINTGEEOHBMOMM L IZRETEXE DD, Mok OH
L IZRETRZLRDEVRP oD EEL DN, ¥, KHBERIMEN LRI
B} 3 pCATNF2 OFFEIR, 2 b5 16 HRIZBWTHHERTZ Z (F—&—ik
REF).

B BEREER~O TNF-o BIEFEAR X 5HEENR

pCATNF2 Z#t A LS U RY — AR EE X EBHIRTH 2 KBERNICRGT5Z
Lizk v, KBBEIIRE X O footpad IZHEHE & iz S-180 MR DOHIFLIZ TNF-a &Ein 23
BAZN, & NTNF-a BELEINDIZERHALIER . ZFZTARETIE, EAIN
7z TNF-a 12 & T S-180 Mg DREFASMH I NE 0 E 5 2R L. £72, TNF-a

Xk BEEBEDA =X AEAZBRNE LT, i CD4, CD8Pilk%E#EE L, T Hifgss
— BRI LT~ T ZA2AWT, EEEEMEIEIRIZB XIET CD4, BLUCDS & T #
JaDBRH Iz DWW TRE LTz,

>,
N Y
i

(1)TNF-a Bi=FEAIZ L3 S-180 EREICHT 2 HifEERR

pCATNE2 Z# A LZBERE YV RY — A%, FHE, F—MIcBLCLFETAY <Y
ADORBBEIRICES L. arvbe—1 e LT £8, BIUOA Y753 —EBRE ST X
I v RpCAL2 ZHA LIZBEEE YV RY — 225 L. £/, pCATNR2 HAJERLA Y
RY — A%, S-180 HIFAZ M LIz & A0 (B OXBEIRCZRE LERAI OV

THRE L.
EE RS BER T2, 34 BT footpad DEZZHIEL, HEFHBRTE D
footpad DEEZ D ZERDT-.

JEE R DFEFE L 72 5 footpad DE X DR EREZ DML, Student t-test IT
L irot.
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(72, RUADBEREEERY L NS 20 HRIZEBE L.
(2)EBEEFEHEIZ RIETHiE N TNF-a JikozhR

<Y AP b TNF-a Pk (Genzyme) 122123 0.1 mg %, TNF-q BIEZT-H A JERE
BUVRY —2E#BELEH, BXUZED3 HRICEENZRS L, BEEEMGICRIETH
REBE L.

ayhu—LEe LT, fik bA v E—u A F2 6 (IL-6) fHIFE (SK2) (B3R
SHRERIEREL VHE) 12901 me 2, BEHEANKZE LE.
(3)EBERREMEIZ RIS T MldoE

S v M~ R CD4 itk (GK1.5 ; HAS S 7 VR REE 4 X v it 5) 129
05mg, BLUT v Mi<v X CD8Filk (243 ; B Lk - fifktr X —LjtihBE LY
fft5) 126 0.5 mg %, TNF-a BIEFEABRA D RY — L2855 3 24 BRI BB IR
#E5 L, BERENEIZRIETHREZBR L. JikRE 24 RS, 5R<EB10H
%m < ADCD4BIUCDS G THIFENEERL TS Z L%, 7 —HPA h A~
—(Z7NA=IT)ICE VR L.

&k,%®M®£%ﬁ£kome BIEN & TR OBIEEIZR o 2.

P N
i® ~

Fig.28 iz, footpad IZ#HE L7z S-180 MR DIEFEIZ R LT, pCATNF2 #f A JERE& D R
Y — AEEEXEBIRTH 2 KEBHIRANESERE L L 0BT O TRE LR
%R, pCATNF2 Z# A L& Y RY — AR BT, ARZEEREOMENE
BEN, 110Ed 4 E35ELIZBEEREEK L. TNF-a 130 < O»OEEIZ BT HiMmEE
WEFEL, BELEBEIS®DZ LNALN TS R122127130), KRG H I EE5E 1T
LB o, HoT, ARRIZBIFBEEDEIEX, TNF-a 2 X 3BEME
NEHIE~OHEEEROZDIZ DL ENE LD TRRNZ BRI ¥,
TNF-a 13352 S-180 Hifa~DBJEEHE RS RP o L6 (F—F —IIRET),
TNF-a 12 X2 EEOHBEEEMRIZ LY S-180 DEBELBEB I NI Tidhn e & A3
B el o7z, Fig29 3% OlD footpad DIEREDHFOEETHY, TNF-a Bizt%
BE L~ RAFE2I1C S-180 EHIIENSHBEE L TWADITR L, 2> ha—LorRg#E
TlX S-180 JEMIFL DIEFED T2, footpad WA E {JENTWk. %, ZLHEEERLE
<7 AT, S-180 MM Z A L Tz & ot D@ footpad iz S-180 Hlif (1 X 106 )
ZEBHELTD S-180 M3 AEERT, S-180 Ml x+ A HEEAENFE I TS
AR TR ENZ. —F, av he—A L L TAY 725—FRHEFSSAIv R
pCAL2 Z#H A LIRSV RY — 225 L~ AT, £ EEEMOMENIIA D
Nixh otz (Fig28). ZDZ &b, pCATNF2 3 ABREES U RY —ADBEIZ L~ TH
LN IEEHEEOMENL, ERE Y RY —AHEFOERATIIRL, BIEFEAOKERE
ENTz TNF-a T X2 bDTHAAREMNE X bivie. £z, TNF-a HEE LRMEN
BB X OBEMEN R L > TEEENS Z R, HBEENROREHIZLETH
BIE 5 POV TRENT B8, S-180 Ml 2B L2l & Kt OO KB RIC
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Fig. 28 Tumor growth after the direct gene transfer
into the femoral artery

S-180 cells (1 x 10s cells) were inoculated into the left
footpad of ddY mice. On day 7, 30 ! of fusogenic
liposomes containing pPCATNF2 (O) with ODs« of 6.0,
which contained 0.36 g of DNA, was then injected into
the femoral artery controlling tumors using a 27-gauge
needle. As a control, mice were treated in the same
fashion with an identical quantity of fusogenic liposomes
containing pCAL2 (H), which was expression plasmid for
firefly luciferase, or saline (A). Fusogenic liposomes
containing pPCATNF2 was also injected into the femoral
artery of the right legs without tumors (X). Blood flow
was stopped for 10 min to transfect the artery. After
incubation, the needle hole was closed with an adhesive
agent and blood flow was restored. The thickness of
footpad was measured every 3 or 4 days to monitor the
tumor growth. Each point represents the mean + S.E. of
11 to 13 mice. Statistical significance compared with
saline-control group: *P<0.0001, **P<0.05.

Fig.29 Photograph of two mice, bearing S-180 cells, injected with saline (A)
or with fusogenic liposomes containing pCATNF2 (B)

Fusogenic liposomes containing pPCATNF2 were injected as described in Table 8.
Photographs were taken on day 27.

1.0

Relative tumor thickness

1 1 1

0.6
7 12 17 22

Days after tumor inoculation

Fig.30 Anti-human TNF-a antibody blocks the anti-tumor
effect of fusogenic liposomes containing pCATNF2

Mice were injected i.p. with 0.1 mg of mAb against human TNF-a
at day 0 and 3 after the administration of fusogenic liposomes.
As a control, mice were treated in the same fashion with an
identical quantity of isotype-matched irrelevant antibody (mouse
anti-human IL-6; SK2). The thickness of footpad was measured
every 4 days to monitor the tumor growth.

O, non-treatment; M, anti-human TNF-o; @, anti-human IL-6
Each point represents the mean + S.E. of 7 to 9 mice.

Relative tumor thickness
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Fig.31 CD4+ and CD8+ T-cell involvement in suppression
of S-180 solid tumor by fusogenic liposomes containing
pCATNF2

Mice were injected i.v. with 0.5 mg of either anti-CD4 or anti-
CD8 mAb on the day before the administration of fusogenic
liposomes containing pPCATNF2. The thickness of footpad
was measured every 4 days to monitor the tumor growth.

O, non-treatment ; @, anti-CD4; A, anti-CD8

Each point represents the mean + S.E. of 6 or 7 mice.



pCATNF2 H AERE Y RY — A28 5 Lz (Fig28). LALAREL, ZDX5R&H4T
TRESHEMOMFNIBEINT, FEESRRRICIZ, TNF-a NEEXEIHRB IO
[EEARROMBUC EE I NZDERDDZ LBRHLM LR .

£ Z T, pCATNF2 # ABERE U RY — A OPIEEES, KYiz<7 AD invivo THE
AINTE P INF-a XD bDTHEZ 2L T B, Hik b TNF-a ffi
#H122129) e 53252 LItk Y, BEREOMBEIMNNETEIY 5 2Rt L (Fig.30).
ZORER, arv bua—n L LTHE MIL6 299 fHike2iRE5 1T, £< pCATNF #
ANERRE Y RY — ADHEBDRICEEN 2P o120z L, Hik b TNF-a HfiHiko
#ETIX, EEEENTRIRNTE2ICEELE. TNHOEREP S, pCATNF2 &£ A &5
BIRY — 2%, BEXHIRTH S KBBRN~NEERETSZ Lick>THALNEH
JEBEZIRIT, pCATNF2 MEE X ELEIR T 5 KIEEIRCIEEA B O M P Ml Lz
BAZIH, BEINZE P TINF-a XV (5 ENLDTHBZ LBHELP LR T,

RIZ, FREZBITIEEBEOA =X AERZENL LT, BEDO THEEOES
OWTERARTe. <7 RizHi= v R CD4 Hifk (GK1.5) 129, % 33~ 7 A CDS8 Hitk
(243) 20% 51, FRZNh CD4 53\ CD8 B T Milaa Lk Lz~ A2 HWNT,
TNF-a BIEFEAR X B3HEESRIZOWNTRE Lz (Fig31). Z0OEER, CD4H30
i3 CD8 [5G4 T MIfEZ R Lic~ 7 A TiX, 5ELIC TNF-a BEFEAIZ X 3ENER
SNl o, TNHOHRLY, BIrFEASh, EAEESNKE TNF-q iz X3 S-180
JEBEEFEOMFHENZIZ, TBED CD4 BLU CD8 BBt T HMilsn M & NEEARZE 2 LT
5bDLEZ BN,

ARERIZBUS BIEEBMEOHMR A =X AMEHIZ OV TS BROEERHRRECTH
55, IME%M LT TINF-a BEF2EAL, BEMBEE T TIX2 < EEIE AN Mz
b TNF-a BMER LBA AR AT AL, ﬂwuzéﬁ%%mmtrméh%ﬁ%kkmf
2L LVWEREZERRLEDDEEZ BNS.

DUt /hE

TNF-a 13%%, ERMEEEET S L2, B EBRNCEBETIWEL LT
RREN, ZORABFESEENS SEOFUER L LTEEZEDLEYA "I ThD
131133 L LRSS, 28B5IBIT5 TNF-a OEMEIZ5 % ik L s k< E
PBRERICKDboTNS. ZhiX, BHERDEDICREBRFEES R MR T 58S
EBPICTFESTWBEDEEZ BN TNBI2LIAIS) _F TNF-a OEENEESE)
PR ¥ ORFRE TIZRVEDERB LN D Z LAH Hh L2 136141, jopmsymee
HIZiZ TNF-a OEBRFICBI 3 BEZ N PICEDIPAREERBEL R > TN S,

TNF-a BIZF %W CORBSIIESEEEE Y o {BRiz TNF-a 2%ES$3E0OMET
aRRIZ96-99,106,110), I SRRz 3317 % TNF-o M2 BRNICE D, EEMiE~oBEm
RSB LBHETERZ LMD, BICHTIH LVGEEL LTHESh TN 3.
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LAL, BEETREEEIN TS TNF-a BiaF2AVWEORIRFAEEICET 8%
KRR ERIY, B+ % invitro TEAL, ZOHIfE2 in vivo IZBERET 5 exvivo D
ZTHbALTWS. 20, EBOBRIZBNTE, K AKRFhEBAZETDIZ L
APEEN, FRIITIZ L v R, invivo OMBMIIIZES: TNF-a 23U &T54%
A "NhA VEOBRBEFEBATS invivo BIEFHENERIZRD EEZIOND. LT A
25, invivo T TIREEBE L TWARICH LT, EEEEFE2EAL, BESRZELZ LV
5 MEIZFEE IR, BHEORFIZBWTD, ddY ~ 7 ADEHMEANIZEBE SN S-
180 EHEIZ, pCATNF2 #f AEEA Y RY —AZBEERNKZS LT, 2L fESHEIT
Bonholz. #-T, BREICHTS invivo BETHEBEIZBONTIE, 2<HLnE
P LOT 7 —FBHLELEX bk, 2T, TNF-a OEEIMENEHR~DOVEM
EE DIy Ne LT 7a—FTokRFETok. $72bb, TNF-a 2EE LR
DMEN EHECEEMEN M EESRDZ LIk > T, TNF-a 2RHFRENICES
MAENEME-CEEMICEASE, LVERLISABEROMBEEELI IR, T
TIRAEEBE L TWAEIZH L THHEESRAEOLNDOTIIRVIrLERX, ERETok.

EFII LU HIT, footpad iz S-180 Ml ZBHE LTe~ 7 ADEE XECEIIRTH 5 KEEH Ik
WIZERE U RY — LB HAWTpCATNF2 ZE AL, & h TNF-a 23HIE5Z LH
BEPE I PIZOVWTHRET L. #5 48 Rffiitk, PCR TR L7z & Z A, #HBEIHAOKREE
FRE & OF 0T S T HROMMR T H 5 BEEMRICIZ pCATNF2 OFENEDH b, I HIT
t k TNF-a OFEBRbA LNz,

FIT, BEEANZE N TNF-a 2 & - T S-180 FEREDOHESHFH ENE 1L 5%
Bat L7z, Z08R, pCATNE2 HAERIE U RY — L2 5 LIt AZBN T,
ERBEREOMEINAD I, 111G 4 NFEEDRLEBEEZR LE. avy ha—u
CLTAY 725 —FRE TS Ay RpCAL2 #HA LEZEME Y RY —228 5Lk
< ACBNTIR, BEEEBEOMFINRELBD SN &, pCATNF2 £ ABEREE Y K
Y —AOFIRMN, Hik b TNF-a FHIEOREIZ L > TRAREE LEZ 1S, BA
Shizk F TNF-a BIEFIc XV RELEZE N TNF-a K> THEESIRRIALNED
DeEZ BN, 72, TNF-a BIETF% S-180 il 2 BH Lol & Kk OB O K85 Ik
ZHRELTHRBERALNRNWZ L2 5, BE LRB X CHEEMESEL Y TNF-a 23FHEH
ZHmERdZ &2, BEEEOMEICIINE TSI ENELP RS, I BT, Bl
CD4, CD8 HitkD# iz X T, #NF CD4, CDS [5G Tl AZHER Lz~ RIZH
WTC, TNF-a BEFBEARIITNEESENZ2ICEELEZ 1D, BEO T MO
BEPEERBEOMENCIZEERBRELREL TCNBZ EBRREEINE. £, EEMN
SEARZHER LT AT, S-180 Mg E#E L TOEEDPERIZALNT, BEEMER
INRBEENTHWAABEERE X b, RARICBIT B EREREOFEMR X =X AfEA
ZOWTRESBOEERMERETH S0, BEEHEM EROMEN ZME-CEREME N K
ML LEEESNTE TNF-a 12X - T, EENEANRMREDOD VREREIZIULD LT IR
EH VM OBE 2RI EESFEOREN LR L, 4EHRYHEOEEMS~DREL
FELILSFELTHATEESEZEZ2 bND. E5I12, TNF-a 3ARGERGERL2E
L, =& a7y —142-144) NK (natural killer) #FE14S, FhEROEMAL10, T #ED
BFAIEEL), VU RBRDA v Z—u A F2 2(IL-2) L& 7 & —FHH)EM D MHC
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(major histocompatibility complex) class I FBUER149), fiDYA b B A 2 DFEI0-154),
LAK (lymphokine-activated killer cells) 159, CTL (cytotoxic T lymphocyte) 13615072 & i
R =/ 2 —HilBOBERZERTIZ ENASNTNEZ &b, TNF-a ZEEMH
RUTHIE LY 70— b LIl S OTEBEE L R L T3 Z LB X itk

TNHORERIZ, TNF-a 2EE EFROMBENEMESEEME N R, SEES Y
5ZLitL»T, TNF-a DEEEFEEZED, I 5HIBEEMEOARR L TEEMBSNE
Mgz b & —7y heTHZLickY, BREHEENRPEONLILEZRLTNAS.
BT DRFTCY A M AA VBIZF2EEZRE L, SUEENREREBIN LV 5 #i&EIZ
ZLAERVOPBERTHY, MEEMN U TEEHBICY A NI ALV BIEFREATEA
VAT A, EREOBEFREICE L TEH LVEBREZERLZLD L Ebh, 4%
DEBIETFIRBIC —DDIEs 2 525 b D EE X b,
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e 1

1) ERE Y RY —LADBR L ZDRLREH

O THIREMFEDE LWRRIZE Y, BE < OFEKROBRETF LN TOWREEN
BRENSDOHY, FNLOEKRIA LT, BEFOLNVTHREANSHELZTT S BI5T
IBENEERPEONELDIZR Y D05 5. ZHITEDHERCB S, SAIX, MifEO#
BEAEEFOL N T - BEESRDIZ LI~ TEBEFEEMERE2EAIE, Hle
X BEROBEETY LWHEKT, W5 723X Cell Therapy & d U5 REH LIEE
BRI LD EMRFEOBBIZ S ORB DD DTHS.

LAL, Z0k5RGEEORRBEICIE, MIENICERII, $RIKEEFRZEILDHLET
AEHE, X7F RREOEBELSTFOWEZBATIEMEHRTILENRDS. £ THA
22 CIE, BARMERDRESHBENICEATE I LNRTEEIRY X —Th 5 — B
HVRY —AOBEER T, BEEVRY —2ZEVEATANVADZ N —TEH
BREREICELEYVRY —LTHY, VAL UL N ARG T 5 BEOMIEE &
DRGEEEZDEENGE LN TTHD.

PERE U RY — BBV EL A NALE Y RY —AEBIZ37°C TRIESE, BASE
B Lic X VIERITE S, MEORIGHI L OEMEY RY —ADKEHIZ, #VF4 U4
WAL VRY —AOVA RZIFEHE LV, HENERZZ L2HAL, BEFEDGE
DEIZZVToTe. BRLZEREY RY —AOFHR1EZ, B FA4 TNV A (332
nm) LURY—AGBMmm) AB1:1 OETHELELEEZBNS 391 THY, BFHE
WETEHETA L, FOEKRAIZIZEVEATANADAAL 7EABER LTV, B
WTITHBENIZAS Z ERTERVE, —2FCTHHRERNCEASHIUIHREEZRTZ
LIMTEBRTIFUTHEREISIAL M ADTA) 2EMEVRY —AITHAL, ZORE
OB RS LTe L 2 A, EREURY —AIZEVEA TANVAORBREIZHEEAEL T 50
HAU/ml (OD540=0.003) &L EDEEEIZ BT 100 % 2 CTOMEIZ DTA 28A L, Mz
HRSBDZLRTARETHo. £, ZOEBMARIT, ELEA VAN ADZ N —
7EHETHS HNEHEL FEHEOREHREDEEICKELZDDTH . &b
iz, HEHRBICHIESTAEREEEAVZERP L, ERAVRY —ARZE s - FL T
VAR TR Ty b NBRE— - T FEROBRA RMMGIZE U TIZER U#hE
TERATEBZENHIALE. 2BV EAS TANVADLETE =B, YTIVEREND
MR BRI EEL TWAMETHEZ LR LEbnEEx bk, FANER
VME—DFIMTFIRE RV ABRTH Y, #1170 % OMBENERHE Y RY —AL@EE LR
Pote.

2) DTA & ABRE UV RY — ADEHRBEA~DILH

DTA i B CIREIBEANIZASL Z LB TERVWEHLERERERLVE, —2FTH
HERIZAS LEHEREZEEL, MEZRTIENTEIRNRERTHY, DTA%R
MBI PN ~EET B 72 D delivery system BEEFE XU, BAOLRPEAILERZV 55D D
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LEZLND. EEAEVURY —ARMBEIEBNICEAL, BRI VHAWELEE
MERNICEATERZZ LS, ZRNOHOENIREDBE L X7 Z—ThHY, DTAHA
JEREE U RY — A DEHRBE~DIRRIZOWTRE L.

DTA ¥ ABERES U RY —AlZ, <=7 AD Sarcoma-180 (S-180) fE/KEIZHR LT, HE
BAOEDEHERZMES T R BNIEHEENREZRL, ¥HU Eo= T ANELERE
ML, ZOE52%RIZT, ZOFRMEYRY —L0, DTAZHALEEDY RY —
ATRALNRZNZ &5, DTA HABFERA Y RY — Al in vivo D S-180 MKIZ A LT
bElAREEZ ML, DTA 2HIlENICEA LELER, JEERE2FBELED DL ELD
nr.

Fie, <7 AOBEBENICBE I S-180 BEIZH LTS, DTA HARE#HE Y R
YV — AREERNEET3 LEERBEERBEOMBINA L. BEEITHEIIERYAENDS
ZEORVWPHIA XY v 2ERE Y RY —AiZEH AL, S-180 FBEICIEEANRS L
LA, BEBDTS%MNS-180 MIfIZIVAENTWE. —F, PHIA XY UV 2HAL
TEBEDOYRY —ATIEZOTH 053 % L S-180 iz lRVAEN TR ST, ERLEY
RY —AZEERNBREICIVERLIIHAYMESZ S- 180 HIfENICEATES Z LML
2. LA LR, TRTOS-180 #ifaiz DTA 2 BA T3 Z LIIATEBERODOT, BAE
DFELHR, HEST ADRBWELERELBDLZ LIXTERP -,

3) A Y RY —ADBEBRFEARZ Z—L LTOHHA

JEREURY —AIN Y 72 5—BRE ST AI v KpCAL2 ZHA L, BEFEAX
72— LTORBERBREFRESRIZONT, ETVAMNARY Z—L LTELANLN
TWBAIFF=v 7 VR —ADIVRT7 =7 F L LHBLBR LR 2Tk, ERAEY
BY —A12 1 225 10 05 &V 5 G oM L OERZBRN T EVAY 7 25—
PrElERL, BEEOERS Y RY —A (ODs540=3.0; DNA 6.0 ug/ml) Z/EASETDH
S MREENR L RERP ok, —F, hFF=v 7 URY—A - DNABEESEDOFEIZ
%, BEFEAZAR LD 30 EOHMEE OERRFEZE L, DNA2.0ugml &L E
DIEHEETIZ 30 % L EOMREBERE 2R L. Zhid, bF4=v2URY—A - DNA
BEKEDR, iz R¥A b= ATHIZER VA END 7=DICBIEFEARRS 25
BZOIZHL, BHEEYRY —AZBENICHEIZES L, ALV ERETEETFZE
ATEBZ L, ¥TANVAOEREREZHALZEMZNRGTEIX #FF=vy 7 IR
Y —Ah - DNABAED X 5 RIFEVMNRFHEIZESR, BETHEBRRNVWI LEZRL T
3. '

&bz, IFF=v 7 VRY—A  -DNAEAEIZ HTH5% OMBEIFEELTDH 99
% DL EEW RS Olzxt L, ERE D RY — A0 40 % OIMBEFEEIZBNTH MBS
DL & LHELTTI0% bOERERELTVWE. 20k 5 RERE Y RY —2ok
BEiX, invivo DHIE~DOEZEOBREFEADRGSZIIFZEMNITR I ELDN, < TR
D S-180 E/KIE~DBIZFEBATIX, BREYRY —LR@3IFF=v 7 VR —Ah -
DNA &L s L, 1,000 f5LL ESHERBE P o7z,

ZDE5IT, BEREVRY —AZITA NVADEMEREZFAL TS D, hFt=y
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7 URY —A - DNAEAKLHBEL THERI HNRBEFEMHENICEATELZ LA
BN ERoT. Lid, TANARIZ—DL S5 CEBATE SRIZTORR, WEHIZD
WTOFRNIIRL, FOXIRBEFTHLHMENICEATIZLNTES. 0WHiL, VA1
NWARY B—LIET AL NARY & —DHEDEFREEDLERESINA TV v RX7 2 —
THHLEE2S. EREVRY —AiZ, BREFLEAEBORNEAR EBARGTFITRL
RIEZPTRAZENTEBRLEZLNDZ LD, FOREBFHERARIZ—LLTOR
KEFFEFRIZENERDNS.

4) TNF-a #EFEHA LZERE Y RY — AOBEBERE FHE~DIEA

TNF-a 13, [EEBMNRAMCER IS Z LN TENTRARIIEES RS TE S
b, BEHEOEESEY O NRIZ TNF-a Bz FE2EAT 3 RIzFHEN, BEHE
ERZHTAH LWEEEE LTEHERTWS. LAL, BEETIRHBEINLTVLS
TNF-a Z0¥% 4 b A VBEFEAVZEORIZFEEIL T exvivo BIZFHETO
BHTHY, invivo BETFREIZBWTIE, T TREELTWSERECEENICESR
TNF-a BERI X —%2HBELTDH, BHEDRE2ESZ LRERZD, BEMIZIZEA
LHRVWORERTHD. 20k, TNF-a BizFiAWEREICHT S invivo Bix
FREBEIZBNW TR 2EBRSHELEZ BND.

Z 2 CARZRTIZ, i) TNF-a AEEMEN IS T2 RENREEEREET D
7 &, i) TNF-a 1ZEEME N EM-CEEMIZIZ & L T ICAM-1 (intercellular adhesion
molecule-1) ZEDEES FORBAFETE B2 &, ii) AEROHIENENBIZEZETS
izt FTERENSNEMBICERTILERD S Z LIZEH L, BEMAR LROM
SR X OEEMSHEHIIZ TNF-a 2R S8, FRMICERILEN KRR
IZ TNF-a 2V E8iUL, SRNIEBHRERTESOTIRVWPLEZ .

ddY = Z® footpad Iz S-180 #fi %K L, footpad DEENSmm L LiZE LKL 7
HIZE k TNF-a ¥H 75 23 v K pCATNF2 # AERE U RY — AZEEXEEIKT
BB RBEEIRNICERE L. ZORE, #5652 HBRBWTABER B L CEERAT
TNF-a OREBERAD LN, 2 CEEEMIZRIETREFAZL TS, pCATNEF2
#AJERA Y BY — AOHRERTIZEEE S-180 DBERA LN, —FK, 2 ha—N
LLTRELEANY 725—FBRB S5 Ay KpCAL2 Z2H A LKEREY RY —AT
134:< S-180 DIFEICEE I A bR oz, ¥72, footpad iZ S-180 2 L 2 DK
st O KBIBARIC pPCATNF2 3 AERA Y RY —A2#HE5 LTS, S-180 DBHICHE
BHRLNBNZ & LY, BEEXEHIRCEEMBROMIIC X o T TNF-a BSEAEASNRY
it FEESRIIBENRRNI EBHLN LR, A biT, pCATNF2 3 ARELS U R
Y — AOPEERIZ, Hit b TNF-a iy, BXOHi~7 X CD4, CDS8 HilkDk
Blzk->THELEZ P D, ZOMBIIHENMCEEFBAOKREA SN TNF-a I
IdEbEnNeboTHY, BEOEECIIBED THlEOE X NEE KRB 2R
LTWAHZ EBRALRER ST

ZDX 5z, TNF-a ZEEHRS EHREOMEN M-SR E AN EHla» b EESE
B2tk T, invivo BIETFIREIC X B ERIEOIRRNBREL 72 o T, [EEMERN M
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fazb&Z—4y NeTB3EA7 Y —FiF, BEREIZNTS invivo BEFRECF LTS
KHLWHERERRTERZLDLRbI, $BDERETBEIL—DDEHPEL DD
DEEX L.
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i A
TV EA AN ROBERATEERE LIERA Y £ —AZBRL, UTOMREEL

1. BV EATANALE—HEYRY — L ZpEEE2ZLiIcEY, BVEALATANAD
TR —7EABREERIIE LZBEMES U RY — A 2ERL, 2otk
Tz,

2. BERAURY —AlXintact BTV EAL TANALECETHREMET DI LENT
X, BARE MEEMEcHS L TIREFR CHETHETE 5.

3. UISUTEETIIAY N AREALZERE Y RY — A%, Sarcoma-180 B,
BEREICN UCEWERZMES Z L BhEhEESRER LE. ZhiX, BREHER
DT LWEBIRED T EiRziRrid 5 & L bic, BEE Y RY —ABRF~D drug
delivery DD DBENTZRI7 Z— L7 5B LRIk,

4. 75 AIv KDNA ZHALLEFHEVRY — &%, ETVANARS Z—L LTI
AObhTWARIFFA =y 7 IR —LDYVR7 =7 F L EHBELT, ERETOERIET
BA, BWVEERFEEDE, EOMREEESLIVCMEFELTOLRREFEANTELZ D
STEEEELTWE. 2R OLOMEZ KL T, invivo ORIfa~DOEEORIZFEAIZ
BT, ERESYRY—LB3hFE=v 7 VRY—A  -DNAEAEK LB LT, 1,000
fELl EDREER L, FHT invivo BIEFHREDTLDDENTERI X —THDLEZL DN
7e.

5. B b Tumor Necrosis Factor-a (TNF-a ) BizFZ2EH A LZE#HE Y RY — A ZEE
FEEIRAICRES Lz 25, #E5HMOMER X OMEERAIZ TNF-a OFRENBES
n, BEEORMIIEZCHHENZ. ZEESHEBO EROMENEMESEREnEN
BRI VB2 TOWENS TNF-a R > THEBMRNBBEINZZLEZRLTEDY,
BEIEIZ 55 in vivo BIZFIBRICBVW T2 FHLWHERZRRTERLDDEEZX D
.

Mk, MEORVEIBEA~OWEERATHIFRMEY XY —L2%EL, EHECHE
BFEARS Z2—L LTOEMERZALN L L.

-54-



o

RERZDIHTY, BRIEBENPNIEE, HEELRY LB, KRKEEEHRHE
% ESBBEAEICRELEVIEERIBERERLET.

¥z, AMRTHY, BAHIEE LHBIE 2THE £ L KBRS M AEISIFFATB K
%, PEEANEECEH T LET

EHiz, BADBERHBZS 2BV £ L RERKERES LB, PIITELE, KX
PIPIEBT, AR—BRE, BEREE, 75T ARAEMERMRTFEE, FH
HFE AR N ELET.

¥, REAEVRY —AOBFHEMEEEORY LIFRTIZE LR LEErHE &
LA BRZESZETHERLE, NAROAICIZE LA LSS HEXE LER
HRZLLHHARIE=E4E, PCRIZBEALU THIEE FEWE LEARRKNERSHFEER
Sed, AREBEFLENEMZBE L THBIS2THE £ LERRKEESET - b itt,
DTA H#AERE Y RY — 22 5 Lz~ AORHEAMBZRICE LA LAk TE
2 F Lt KAREBERALHEEEEE, RETETEE, Hiew X CD8Hilk (243)%
B GTRE, ARR2EHEEZHE X LEEMH - Rt ¥ — il B# v
LET.

X 5T, & FINF-a cDNA 2t 5THE £ Uiz K HASEERLSIUHEERESE, b
NHYE Hep G2 il 2t 5 THE £ L KBRS R ed, S)ERESE, £
REPRMENEME2 S ETEE £ Lt SRUKRLE, Hi< v R CD4 Hifk (GKL.5)
PR EIREE LEAAS S 7 Y BRALEEE %4, Hit b IL-6 Hifk (SK2) flft 5
HZ ¥ LSRRttt A B I BE Wz LET.

(7, AMEEZRTTHIChlvEphe2EZE LERE—BL, dHERHst, &)
ekt AEEREL SEBERL HEBEELZIIUD LT3 RRAFEETES
PHZBOERIIEH N Z LET.

BRRIT, AMZRIcH UTHE2TEE £ L BAZMIRES I ESH Wz LET.



1)
2)
3)
4)

5)

6)
7

8)
9)

10)

11)

12)

13)

14)
15)

16)

17)
18)
19)

20)
21)
22)
23)

2 TR

Kundrot, C. E., Spangler, E. A, Kendall, D. A., Macdonald, R. C., and Macdonald,
R. 1. Proc. Natl. Acad. Sci. USA, 80, 1608-1612, 1983.

Nakanishi, M., Uchida, T., Sugawa, H., Ishiura, M., and Okada, Y. Exp. Cell Res,,
159, 399-409, 1985.

Citovsky, V., and Loyter, A. J. Biol. Chem., 260, 12072-12077, 1985.

Klappe, K., Wilschut, J., Nir, S., and Hoekstra, D. Biochemistry, 25, 8252-8260, 1986.
Nakanishi, M., and Okada, Y. In Liposome Technology , G. Gregoriadis (eds), pp
249-260, CRC Press, USA, 1993.

Okada, Y. Curr. To. Membr. Transp., 32, 297-336, 1988.

Uchida, T., Kim, J., Yamaizumi, M., Miyake, Y., and Okada, Y. J. Cell Biol,, 80, 10-20,
1979.

Bangham, A. D., Standish, M., and Watkins, J. C. J. Mol. Biol., 13, 238-252, 1965.
Kato, K., Nakanishi, M., Kaneda, Y., Uchida, T., and Okada, Y. J. Biol. Chem., 266,
3361-3364, 1991.

Kato, K., Kaneda, Y., Sakurai, M. Nakanishi, M., and Okada, Y. J. Biol. Chem., 266,
22071-22074, 1991.

Tomita, N., Higaki, J., Morishita, R., Kato, K., Mikami, H., Kaneda, Y., and Ogihara,
T. Biochem. Biophys. Res. Commun., 186, 129-134, 1992.

Kato, K., Dohi, Y., Yoneda, Y., Yamamura, K., Okada, Y., and Nakanishi, M.
Biochim. Biophys. Acta., 1183, 283-290, 1993.

Derksen, J. T. P., Morselt, H. W. M., and Scherphof, G. L. Biochim. Biophys. Acta.,
971, 127-136, 1988.

Szoka, F., and Papahadjopoulos, D. Proc. Natl. Acad. Sci. USA, 75, 4194-4198, 1978.
Nakanishi, M., Ashihara, K., Senda, T., Kondo, T., Kato, K., and Mayumi, T. In
Trends and Future Perspectives in Peptide and Protein Drug Delivery, V. H. L. Lee,
M. Hashida and Y. Mizushima (eds), pp 337-349, Harwood Academic Publishers
gmbh, Netherlands, 1995.

Potier, M., Mameli, L., Bélisle, M., Dallaire, L., and MelanCon, S. B. Anal. Biochem.,
94, 287-296, 1979.

White, J., and Helenius, A. Proc. Natl. Acad. Sci. USA, 77, 3273-3277, 1980.
Yamaizumi, M., Mekada, E., Uchida, T., and Okada, Y. Cell, 15, 245-250, 1978.
Uchida, T. In Molecular Action of Toxins and Viruses, P. Cohen and S. V.
Heyningen (eds), pp. 1-31, Elsevier Biomedical Press, Amsterdam, 1982.

Ozawa, M., Asano, A., and Okada, Y. FEBS Lett., 70, 145-149, 1976.

Ozawa, M., Asano, A., and Okada, Y. J. Biochem., 86, 1361-1369, 1979.

Shimizu, K., and Ishida, N. Virology, 67, 427-437, 1975.

Boyum, A. Scand. J. Clin. Lab. Invest. Suppl., 97, 91-106, 1968.

-56-



24) Ting, A., and Morris, P.J. Vox. Sang, 20, 561-563, 1971.

25) Hsu, M-C,, Scheid, A., and Choppin., P. W. Virology, 95, 476-491, 1979.

26) Asano, K., Murachi, T., and Asano, A. J. Biochem., 93, 733-741, 1983.

27) Markwell, M. A. K., Svennerholm, L., and Paulson, J. C. Proc. Natl. Acad. Sci. USA.
78, 5406-5410, 1981. _

28) Suzuki, Y., Suzuki, T., and Matsumoto, M. J. Biochem., 93, 1621-1633, 1983.

29) Suzuki, Y., Harada, M., Suzuki, T., and Matsumoto, M. J. Biochem., 95, 1193-1200,
1984.

30) Markwell, M. A. K., Fredman, P. H., and Svennerholm, .. Biochim. Biophys. Acta.,
775, 7-16, 1984.

31) Markwell, M. A. K., Moss, J., Hom, B. E., Fredman, P. H., and Svennerholm, L.
Virology, 155, 356-364, 1986.

32) Uchida, T., Mivake, Y., Yamaizumi, M., Mekada, E., and Okada, Y. Biochem.
Biophys. Res. Commun., 87, 371-379, 1979.

33) Ozawa, M, and Asano, A. J. Biol. Chem., 250, 5954-5956, 1981.

34) Gitman, A. G., and Loyter, A. J. Biol. Chem., 259, 9813-9820, 1984..

35) Keneda, Y., Uchida, T., Kim, J,, Ishiura, M., and Okada, Y. Exp. Cell Res., 173, 56-
69, 1987.

36) Keneda, Y., Iwai, K., and Uchida, T. Science, 243, 375-378, 1989.

37) Bagai, S., Puri, A, Blumenthal, R., and Sarkar, D. P. J. Virol., 67, 3312-3318, 1993.

38) Lapidot, M, and Loyter, A. Exp. Cell Res., 189, 241-246, 1990.

39) Could-Fogerite, S., Mazurkiewicz, J. E., Raska Jr., K., Voelkerding, K., Lehman, J.
M., and Mannino, R.J. Gene, 84, 429-438, 1989.

40) Bagai, S., and Sarkar, D. P. FEBS Lett., 353, 332-336, 1994.

41) Wang, C-Y., and Huang, L. Biochemistry, 28, 9508-9514, 1989.

42) Collins, D., Litzinger, D. C., and Huang, L. Biochim. Biophys. Acta., 1025, 234-242,
1990.

43) Litzinger, D. C., and Huang, L. Biochim. Biophys. Acta., 1113, 201-227, 1992.

44) Tari, A. M., Fuller, N., Boni, L. T., Collins, D., Rand, P., and Huang, L. Biochim.
Biophys. Acta., 1192, 253-262, 1994.

45) Wright, S., and Huang, L. Adv. Drug Deliv. Rev., 3, 343-389, 1989.

46) Suzuki, S., Ohta, S., Takashio, K., Nitanai, H., and Hashimoto, Y. Int. J. Cancer., 46,
1095-1100, 1990.

47) Thorpe, P. E., Ross, W. C. J.,, Cumber, A.J., Hinson, C. A, Edwards, D. C,, and
Davies, A.J. S. Nature, 271, 752-755, 1978.

48) Blythman, H. E., Casellas, P., Gros, O., Gros, P., Jansen, F. K., Paolucci, F., Pau, B,,
and Vidal, H. Nature, 290, 145-146, 1981.

49) Trowbridge, I. S., and Domingo, D. L. Nature, 294, 171-173, 1981.

50) Krolick, K. A, Uhr, J. W,, and Vitetta, E. S. Nature, 295, 604-605, 1982.

51) Wawrzynczak, E. J. Br. J. Cancer, 64, 624-630, 1991.

-57-



52)

53)
54)

55)
56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)
71)
72)
73)
74)
75)

76)

77

Colombatti, M., Arciprete, L. D., Chignola, R., and Tridente, G. Cancer Res., 50,
1385-1391, 1990.

Carroll, S. F., and Collier, R. J. Methods in Enzymol., 165, 218-225, 1988.
Takamatsu, K., Uchida, T., and Okada, Y. Biochem. Biophys. Res. Commun., 134,
1015-1021, 1986.

Crooke, S. T. In Mitomycin C: Current Status and New Developments, S. K. Carter
and S. T. Crooke (eds.), pp. 1-4, Academic Press, New York, 1979.

Bonhomme, L., Mathieu, M. C., Amdidouche, D., Faure, E., Guisteau, D., Fred;j, G.,
and Naveau, S. Anti-Cancer Drugs, 3, 261-266, 1992.

Honda, K., Satomura, K., Hashida, M. and Sezaki, H. Jpn. J. Cancer Chemother.
(Tokyo), 12 (Part 1), 530-535, 1985.

Maeda, H., Seymour, L. W., and Miyamoto, Y. Bioconjugate Chem., 3, 351-334,
1992.

Dehouck, M-P., Méresse, S., Delorme, P., Fruchart, J-C., and Cecchelli, R. J.
Neurochem., 54, 1798-1801, 1990.

Crystal, R. G. Nature Med,, 1, 15-17, 1995.

Friedmann, T. Science, 244, 1275-1281, 1989.

Miller, A. D. Nature, 357, 455-460, 1992.

Mulligan, R. C. Science, 260, 926-932, 1993.

Wilson, J. M. Nature, 365, 691-692, 1993.

Felgner, P. L., Gadek, T. R., Holm, M., Roman, R., Chan, H. W., Wenz, M.,
Northrop, J. P, Ringold, G. M., and Danielsen, M. Proc. Natl. Acad. Sci. USA., 84,
7413-7417, 1987.

deWet, J.R., Wood, K. V., DeLuca, M., Helinski, D. R., and Subramani, S. Mol.
Cell. Biol., 7, 725-737, 1987.

Kondo, T., Yoshida, T., Miura, N., and Nakanishi, M. J. Biol. Chem., 268, 21924-
21930, 1993.

Niwa, H., Yamamura, K., and Miyazaki, J. Gene, 108, 193-200, 1991.

Kunkel, T. A. Proc. Natl. Acad. Sci. USA.,, 82, 488-492, 1985.

Sanger, F., Niklen, S., and Coulson, A. R. Proc. Natl. Acad. Sci. USA., 74, 5463-5467,
1977.

Hinegardner, R. T. Anal. Biochem., 39, 197-201, 1971.

Gao, X, and Huang, L. Biochem. Biophys. Res. Commun., 179, 280-285, 1991.
Mosmann, T. J. Immunol. Methods., 65, 55-63, 1983.

Legendre, J-Y., and Szoka Jr., F. C. Pharm. Res., 9, 1235-1242, 1992.

Farhood, H., Gao, X,, Son, K,, Yang, Y., Lazo, J. S., Huang, L., Barsoum, J,,
Bottega, R., and Epand, R. M. Ann. N.Y. Acad. Sci., 716, 23-35, 1993.

Farhood, H., Serbina, N., and Huang, L. Biochim. Biophys. Acta., 1235, 289-295,
1995.

Wrobel, I., and Collins, D. Biochim. Biophys. Acta., 1235, 296-304, 1995.

-58-



78)

79)
80)
81)

82)

83)
84)
85)
86)
87)

88)

89)
90)

. 91)
92)

93)
94)

95)
96)
97)
98)
99)

100)

Zabner, J., Fasbender, Al. J., Moninger, T., Poellinger, K. A., and Welsh, M. J. J.
Biol. Chem., 270, 18997-19007, 1995.

Yates, J. L., Warren, N., and Sugden, B. Nature, 313, 812-815, 1985.

Mecsas, J., and Sugden, B. Ann. Rev. Cell Biol,, 3, 87-108, 1987.

Sarver, N., Gruss, P., Law, M. -F., Khoury, G., and Howley, P. M. Mol. Cell. Biol.,

1, 486-496, 1981.

Dimaio, D., Treisman, R., and Maniatis, T. Proc. Natl. Acad. Sci. USA., 97, 4030-
4034, 1982.

Ohe, Y., Zhao, D., Saijo, N., and Podack, E. R. Human Gene Ther., 6, 325-333,
1995.

Tsui, L. -C.,, Breitman, M. L., Siminovitch, L., and Buchwald, M. Cell, 30, 499-508,
1982. ~ |

Milanesi, G., Barbanti-Brodano, G., Negrini, M., Lee, D., Corallini, A., Caputo, A.,
Grossi, M. P., and Ricciardi, R. P. Mol. Cell. Biol., 4, 1551-1560, 1984.

Cooper, M.J,, and Miron, S. Human Gene Ther., 4, 557-566, 1993.

Yamaizumi, M., Horwich, A. L., and Ruddle, F. H. Mol. Cell. Biol,, 3, 511-522, 1983.
Moss, B, Elroy-Stein, O., Mizukami, T., Alexander, W. A., and Fuerst, T. R. Nature,
348, 91-92, 1990. ‘

Gao, X., and Huang, L. Nucleic Acids Res., 21, 2867-2872, 1993.

Gao, X, Jaffurs, D., Robbins, P. D., and Huang, L. Biochem. Biophys. Res.
Commun., 200, 1201-1206, 1994.

Chen, X, Li, Y., Xiong, K., and Wagner, T. E. Nucleic Acids Res., 22, 2114-2120,
1994,

Foa, R., Guarini, A., Cignetti, A., Cronin, K., Rosenthal, F,, and Gansbacher, B. Nat.
Immunol., 13, 65-75, 1994.

Vile, R, and Russell, S. J. Gene Therapy, 1, 88-98, 1994.

Watanabe, Y., Kuribayashi, K., Miyatake, S., Nishihara, K., Nakayama, E. I,
Taniyama, T., and Sakata, T. A. Proc. Natl. Acad. Sci. USA, 96, 9456-9460, 1989.
Gansbacher, B,, Zier, K., Daniels, B., Cronin, K., Bannerji, R., and Gilboa, E. J. Exp.
Med., 172, 1217-1224, 1990.

Karp, S.E,, Farber, A., Salo, J. C,, Hwu, P., Jaffe, G., Asher, A. L., Shiloni, E., Restifo,
N. P, Mule, J. J., and Rosenberg, S. A. J. Immunol., 150, 896-908, 1990.

Asher, A. L., Mule, J. J, Kasid, A., Restifo, N. P., Salo, J. C, Reichert, C. M., Jaffe,
G., Fendly, B., Kriegler, M., and Rosenberg, S. A. J. Immunol., 146, 3227-3234, 1991.

‘Blankenstein, T., Qin, Z., Uberla, K., Muller, W., Rosen, H., Volk, H-D, and

Diamantstein, T. J. Exp. Med., 173, 1047-1052, 1991.

Teng, M. N,, Park, B. H., Koeppen, H. K. W., Tracey, K. J., Fendly, B. M., and
Schreiber, H. Proc. Natl. Acad. Sci. USA, 88, 3535-3539, 1991.

Golumbek, P. T., Lazenby, A. J., Levitsky, H. 1., Jaffee, L. M., Karasuyama, H., Baker,
M., and Pardoll, D. M. Science, 254, 713-716, 1991.

-59-



101)
102)
103)

104)

105)
106)
107)

108)
109)

110)

111)

112)
113)

114)
115)
116)
117)
118)
119)
120)

121)

122)

Hock, H., Dorsch, M., Diamantstein, T., and Blanckenstein, T. J. Exp. Med., 174,
1191-1298, 1991.

Colombo, M. P,, Ferrari, G., Stoppacciaro, A., Parenza, M., Rodolfo, M., Mavilio, F.,
and Parmiani, G. J. Exp. Med., 173, 889-897, 1991.

Porgador, A., Tzehoval, E., Katz, A., Vadai, E., Revel, M., Feldman, M., and
Eisenbach, L. Cancer Res., 52, 3679-3686, 1992.

Dranoff, G., Jaffee, E., Lazenby, A., Golumbek, P., Levitsky, H., Brose, K., Jackson,
V., Hamada, H., Pardoll, D., and Mulligan, R. C. Proc. Natl. Acad. Sci. USA, 90,
3539-3543, 1993.

Connor, J., Bannerji, R., Saito, S., Heston, W, Fair, W., and Gilboa, E. J. Exp. Med.,
177, 1127-1134, 1993.

Marincola, F. M, Ettinghausen, S., Cohen, P. A, Cheshire, L. B., Restifo, N. P,
Mule, J. J., and Rosenberg, S. A. J. Immunol., 152, 3501-3513, 1994.

Sun, W. H., Burkholder, J. K., Sun, J., Cuip, J., Turner, J., Lu, X. G., Pugh, T. D,,
Ershler, W. B, and Yang, N-S. Proc. Natl. Acad. Sci. USA, 92, 2889-2893, 1995.
Yang, N-S., and Sun, W. H. Nature Med., 1, 481-483, 1995.

Chen, S-H, Li Chen, X. H., Wang, Y., Kosai, K-I, Finegold, M. J,, Rich, S. S., and
Woo, S. L. C. Proc. Natl. Acad. Sci. USA, 92, 2577-2581, 1995.

Hwu, P., Yannelli, J., Kriegler, M., Anderson, W. F., Perez, C, Chiang, Y., Schwarz,
S., Cowherd, R., Delgado, C,, Mule, J., and Rosenberg, S. A. J. Immunol., 150, 4104-
4115, 1993.

Umeno, H., Watanabe, N., Yamauchi, N., Tsuji, N., Okamoto, T., and Niitsu, Y. Jpn.
J. Cancer Res., 85, 325-330, 1994.

Nawroth, P. P,, and Stern, D. M. J. Exp. Med., 163, 740-745, 1986.

Shimomura, K., Manda, T., Mukumoto, S., Kobayashi, K., Nakano, K., and Mori, J.
Int. J. Cancer, 41, 243-247, 1988.

Watanabe, N., Niitsu, Y., Umeno, H., Kuriyama, H., Neda, H., Yamauchi, N., Maeda,
M., and Urushizaki, I. Cancer Res., 48, 2179-2183, 1988.

Renard, N., Lienard, D., Lespagnard, L., Eggermont, A., Heimann, R., and Lejeune,
F. Int. J. Cancer, 57, 656-663, 1994.

Yamada, M., Furutani, Y., Notake, M., Yamagishi, J., Yamayoshi, M., Fukui, T.,
Nomura, H., Komiya, M., Kuwashima, J., Nakano, K., Sohmura, Y., and Nakamura,
S. J. Biotech., 3, 141-153, 1985.

Flick, D. A, and Gifford, G. E. J. Immunol. Methods, 68, 167-175, 1984.

Dvorak, H. F., Harvey, V. S., and McDonagh, J. Cancer Res., 44, 3348-3354, 1974.
O'Connor, S. W., and Bale, W. F. Cancer Res., 44, 3719-3723, 1984.

Gerlowski, L. E., and Jain, R. K. Microvasc. Res., 31, 288-305, 1986.

Maeda, H., Noguchi, Y., Sato, K., and Akaike, T. Jpn. J. Cancer Res., 85, 331-334,
1994,

Carswell, E. A, Old, L. J, Kassel, R. L., Green, S., Fiore, N., and Williamson, B.

-60-



Proc. Natl. Acad. Sci. USA, 72, 3666-3670, 1975.

123) Aggarwal, B. B, Henel, W. J., Moffat, B., Kohr, W. J., and Harkins, R. N. J. Biol.
Chem., 260, 2335-2344, 1985.

124) Ohe, Y., Podack, E. R., Olsen, K. J., Miyahara, Y., Miura, K., Saito, H., Koishihara,
Y., Ohsugi, Y., Ohira, T., Nishio, K., and Saijo, N. Br. J. Cancer, 67, 939-944, 1993.

125) Dialynas, D. P., Quan, Z. S., Wall, K. A,, Pierres, A., Quintans, J., Loken, M. R.,
Pierres, M., and Fitch, F. W. J. Immunol., 131, 2445-2451, 1983.

126) Sarmiento, M., Glasebrook, A. L., and Fitch, F. W. J. Immunol., 125, 2665-2672,
1980.

127) Asher, A. L., Mule, J. J., Reichert, C. M., Shiloni, E., and Rosenberg, S. A. J.
Immunol., 138, 963-974, 1987.

128) Helson, L., Helson, C.,, and Green, S. Exp. Cell. Biol., 47, 53-60, 1979.

129) Haranaka, K., Satomi, N., and Sakurai, A. Int. J. Cancer, 34, 263-267, 1984.

130) Creasey, A. A., Reynolds, M. T., and Laird, W. Cancer Res., 46, 5687-5690, 1986.

131) Helson, L., Green, S., Carswell, E., and Old, J. L., Nature, 258, 731-732, 1975.

132) Haranaka, K., and Satomi, N. Jpn. J. Exp. Med,, 51, 191-194, 1981.

133) Ruff, M. R,, and Gifford, G. E. Infect. Immunol., 31, 380-385, 1981.

134) Palladino, M. A,, Jr. Shalaby, M. R., Kramer, M., Ferraiolo, B. L., Baughman, R. A,
Deleo, A. H., Crase, D., Marifino, B., Aggarwal, B. B,, Figari, I. S., Liggitt, D., and
Patton, J. S. J. Immunol., 138, 4023-4032, 1987.

135) Havell, E. A, Fiers, W., and North, R. J. J. Exp. Med., 167, 1067-1085, 1988.

136) Pfreundschuh, M. G, Steinmetz, H. T., Tuschen, R., Schenk, V., Diehl, V., and
Schaadt, M. Eur. J. Cancer. Clin. Oncol, 25, 379-388, 1989.

137) Bartsch, H. H., Pfiuenmaier, K., Schroeder, M., and Nagel, G. Eur. J. Cancer. Clin.
Oncol, 25, 287-291, 1989.

138) Taguchi, T. In Tumor necrosis factor, B. Bonavida and G. Grenger (eds), pp213-
221, Karger, USA, 1990.

139) Van Der Schelling, G. P., Ijzermans, J. N. M., Kok, T. C., Scheringa, M., Marquet, R.
L., Splinter, T. A., and Jeekel, J. Eur. J. Cancer, 28A, 1073-1078, 1992.

140) Yoshida, J., Wakabayashi, T., Mizuno, M., Sugita, K., Yoshida, T., Hori, S., Mori, T.,
Sato, T., Karashima, A., Kurisu, K, Kiya, K., and Uozumi, T. J. Neurosurg., 77, 78-
83, 1992.

141) Watanabe, N.,, Yamauchi, N., Maeda, M., Neda, H., Tsuji, Y., Okamoto, T., Tsuji, N.,
Akiyama, S., Sasaki, H., and Niitsu, Y. Oncology, 51, 360-365, 1994.

142) Philip, R,, and Epstein, L. Nature, 323, 86-89, 1986.

143) Urban, J. L., Shepard, H. M., Rothstein, J. L., Sugerman, B. J., and Schreiber, H.
Proc. Natl. Acad. Sci. USA, 83, 5233-5237, 1986.

144) Talmadge, J. E., Phillips, H., Schneider, M., Rowe, T., Pennington, R., Bowersox, O.,
and Lenz, B. Cancer Res., 48, 544-550, 1988.

145) Ostesen, M. E., Henriksen-DeStefano, D., Tsujimoto, M., and Vilcek, J. J. Immunol,

-61-



146)

147)

148)
149)

150)
151)

152)
153)

154)

155)

156)

157)

138, 635-640, 1987.

Shalaby, M. R., Aggarwal, B. B, Rinderknecht, E., Svedersky, L. P., Finkle, B. S., and
Palladino, M. A. J. immunol, 135, 2069-2073, 1985.

Scheurich, P., Thoma, B., Ucer, V., and Pfizenmaier, K. J. Immunol., 138, 1786-1790,
1987.

Hackett, R. J., Davis, L. S., and Lipsky, P. E. J. Immunol., 140, 2639-2644, 1988.
Pfizenmaier, K., Scheurich, P., Schliiter, C., and Kronke, M. J. Immunol., 138, 975-
980, 1987.

Le, J. M., Weinstein, D., Gubler, U., and Vilcek. J. Immunol., 138, 2137-2142, 1987.
Koeffler, H. P., Gasson, J., Ranyard, J., Souza, L., Shepard, M., and Munker, R.
Blood, 70, 55-59, 1987.

Munker, R., Gasson, J., Ogawa, M., and Koeffler, H. P. Nature, 323, 79-82, 1986.
Zucali, J. R, Broxmeyer, H. E., Gross, M. A,, and Dinarello, C. A. J. Immunol., 140,
840-844, 1988.

Vandevoorade, V., Haegeman, G., and Fiers, W. Biochem. Biophys. Res. Commun.,
178, 993-1001, 1991.

Owen-Schaub, L. B,, Gutterman, J. U., and Grimm, E. A. Cancer Res., 48, 788-792,
1988.

Ranges, G. E., Figari, I. S., Espevik, T., and Palladino, M. A. J. Exp. Med., 166, 991-
998, 1987.

Robinet, E., Branelec, D., Termijtelen, A. M., Blay, J. Y., Gay, F., and Chouaib, S. J.
Immunol, 144, 4555-4561, 1990.

-62-






