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A promising approach to cancer immunotherapy is immunization with modified tumor cells
carrying cytokine or immunomodulatory genes. Cytokine genes (tumor necrosis factor-a, interleukin 2,
interferon ) and costimulatory molecule, B7-1, were incorporated into canarypox virus, ALVAC,
which does not replicate in infected mammalian cells, and highly attenuated vaccinia virus, NYVAC.
We examined the effect of local cytokine production on the growth of the mouse prostate tumor, RM-1,
and the mouse bladder tumor, MBT-2. The vectors expressed the high levels of cytokines and B7-1
and the tumor growth of infected cells was significantly inhibited. The mice immunized with
irradiated MBT-2 cells infected with ALVAC-interleukin 2 were protected against the subsequent
challenge of parental tumor cells. We conclude that poxvirus vectors are useful for gene delivery in
immunotherapy studies because of their infection efficiency, their capability of high gene product

835

expression, their safety, and their ease of handling.

(Acta Urol. Jpn. 43 : 835-838, 1997)
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BT AEEFEEOVEOTH A RITEIZTE
B, BHRIIEEY S M v EDBETEEA
LIBEOEERELXEMSESL I LIZL DVEMEE
BELLIETHIDTHA. TNIZLYEFNTTE
FEOREHEEE, SAN TV EAES, RERMA
Bl & DERak S NRERMBE LML, DWITIHEE
MOIEHINBICESL. KEIZBWTEOBRRTFIER
DEERREBRIZI0ZBZ 570 FI—VHAETHTH
A7, R THECEBMRICYA M A VBRETFR
HLA 7 7 A 1 BIZF2EBEATLLDPERLELZ T
WaHY FNRBE, LR LERIEETEEA
LC, BEAROSHEZIEDLNEY L THrOEE
BEL, ZOBEBIHTARERRY IET, BIFE
BREBEOM/, HEEHFTHLLEVIVDYLIE
BT IF U ThA.
BIEFOBEAFEIZIEAHD TIE plasmid 25V S
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NI EARNENEL, F7EA SN OEIR DS
TBHE 7% vitus AFIH SN B L1 %5722 Re-
trovirus {ZZ&EAD DNA IZH AR T WELE L7ER
FOREBRPELN A2, virus DIIEANDERE DR
RPBNZ L, FORMBIIGEATELRNZE, in
vivo TIXEHTE LW L2 FEERICAICIZMES DS
%\, 4 [, poxvirus % FJ B L C tumor necrosis
factor- @ (TNF- a), interleukin-2 (IL-2), interferon-
y (IFN-y), costimulatory 5*¥B7-1 NEmF % <
AR BRIE MR, RERCEBMBIARIZE A L, in vitro
TOBAE, invivo TOPEFHE, BEE77F >~
L LTOWREMZRET L7,

M8 EHE

[Vector & #a#K) EIZFEAIZMHEA L7 vector
&, canarypox virus H % ® ALVAC & vaccinia
virus ¥ 5981t 3 ¥ 7 NYVAC T, TNF-«, IL-2,
IFN-y, B7-1 @ ¢cDNA % #A:AA 72 ALVAC-TNF-
a, ALVAC-IL-2, ALVAC-IFN-y, ALVAC-B7-1,
NYVAC-IL-2, NYVAC-B7-1 B X U9} k& (EF D&
A3 Ty ALVAC-Parental, NYVAC-Paren-
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Mean tumor volume in mice. RM-1
cells were infected in vitro with ALVAC-
Parental (@) or ALVAC vectors car-
rying TNF-« (O), IL-2 (), IFN-y
(&), or B7-1 () at a MOI of 5
PFU/cell. C57BL/6 mice were inocu-
lated subcutaneously with 5X10° RM-1
cells. Each group consisted of 5 mice.
ALVAC-TNF- @ produced significant
inhibition of tumor growth (p < 0.05,
vs. ALVAC-Parental).

tal Th b, FAFEELTHSH C57BL/6 77 AHRE
DFISLBRE MR RM-1¥ & C3H/He < 7 AEHED
BB AR MBT-20 B il % 2 % fetal calf serum
(FCS) % & ¢ Dulbecco’s modified Eagle’s medium
(DMEM) 2% #: L 5MOI (multiplicity of infec-
tion) @ virus % 5 BFEEAG S E/2. MOI 2#fke 1
Bd72 0 D virus D% plaque-forming units TR
L7-bDTH5.

[IL-2 Assay] ALVAC-IL-2 TR SE7-MBED
BRI A 4B B R ICEIL L, Russell 5D FEY I
&> T IL-2 iEE %% L7-. Helper T cell @ clone
ThhH HT-2 IZREMBOTER  REIZHERL
Tz, IL-2 KEHED HT-2 D#EHE* 2,3-bis (2-
methoxy-4-nitro-5-sulfophenyl) -5-[ (phenylamino) car-
bonyl] -2H-tetrazolium hydroxide (XTT) TZ T
Lt DREE % ODyos THllE L7z, IL-2 iBE L hu-
man recombinant IL-2 % {1 L 72 control & }LEL
THEL.

[Flow cytometry] ALVAC-B7-1 TR X8 7241
f2 % 10 mM ethylenediamine tetra-acetic acid (EDTA,
pH7.2) THE L 0.1 M PBS T¥i#% L 10% horse
serum MMz 7Y NAZRY—H Bl £ ru—F
WK & B &4, 0.1M PBS Tiki%#%, fluorescein
isothiocyanate (FITC) D# & L 7z ZRFUKY FHH
LAY —RIETFOT) Ly GE/ 7 O—F IR E FIE
&47:. 0.1 MPBS Ti%i%, 7-aminoactinomycin D
Mz, BE 0.1 M PBS CTi%i% L, FACScan flow
cytometer T fluorescence % 77 L 7.

[EA IR RIS L O RERR] ZREND vec-
tor TG L7z 5X 10D MM % ~ 7 A DR T I2HE
Z, BEOREOEE, BHOKE S %HE 2 mAE
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Fig. 2. Effect of combination therapy on sur-

vival. Mice were inoculated with 5 X
10° RM-1 cells infected with ALVAC-
Parental (@) or ALVAC-TNF-a +
IL-2 (O), ALVAC-TNF-« + -IFN-y
(), or ALVAC-TNF-a + -B7-1(M).

L, 99 ADEFZEE L7, BREMIICHRSHHRES
FMA 2Oy AOBTICHEEL, 108%ICAH M0
Hx LTWiaWEROMIEE v 7 ADFOIBALIZHE R
BEODEBOEEY AT, ZOZEERIZIE vector & L
T ALVAC O &%H L, RM-1i2iZ ALVAC O
~T D vector ¥, MBT-2 iZ1& ALVAC-IL-2 &
ALVAGC-B7-1 #ffio7:. E7NV—TIZ<w 7 X% 5L
TOMA L.

5 S

ALVAC-IL-2 TR&% L 7 RM-1 (ALVAC-IL-2-
RM-1) i210°D#HfZIZD %0.5, 2.5, 12.5 MOI T#
N30, 140, 150 units/ml @ IL-2 % EE4 L 7-¥
ALVAC-IL-2-MBT-2i310°122 %0.2, 2, 20 MOI
TN ZF 138, 144, 152 units/ml & IL-2 %,
NYVAC-IL-2-MBT-2 & 10°12 %0.2, 2, 20 MOI
TEFRNZFNI118, 96, 39units/ml O IL-2 # &AL
7z.

ALVAC-B7-1-RM-1 112, 5, 10 MOI TZhZh
81, 86, 97% DM DKM B7-1 FF 4 RHELY,
ALVAC-IL-2-MBT-2 i1 2, 5, 10 MOI T#hZh
52, 87, 91% ®, NYVAC-IL-2-MBT-2 2, 5, 10
MOI T#N#169, 70, 89% DM D FEI- B7-1
DFEREBIAL TN\,

FNEND vector TREF L7z RM-1 W hon=
VAN GBS ¥ RE &€ 7245, ALVAC-TNF-a-RM-
1 DEFEOREV R LEL (Fig. 1), 7 XADERED
BFEIZEDPo7. #Z T TNF-a &0 vector % #
ABEDLETHADL L, WoltARE L-EESBRIYSE
THEVIHRRAA SN, TNF-a& IL-2 DAL D
®TO0% DEFHEMIELNT: (Fig. 2), KRIZFLFR
DA G D vector TRY L 72 RM-1 I2HUHE %
B LTho~ey ZICH#EL, 10HZICM LAY L
TV WERD RM-1 2= XD O ICHEZ T
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Fig. 3. Infectious cycle of vaccinia virus.

Vaccinia virus is a large DNA virus that replicates entirely in

the cytoplasm of infected cells and includes the enzymatic functions required for DNA replication

and RNA metabolism.
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ALVAC-IL-2-MBT-2 TIREBENEEFT 2 &£ A0
3, ALVAC-B7-1-MBT-2 Tl320% IZfEBDRE %
A7z KIS ALVAC-IL-2-MBT-2 (25§48 = B854 L T
Moy AEREL, 1I0HZICMLIAEL LThiy
Bk MBT-2 < ZADBDIMAMIZHZL THIz &
ZAhH, 60%DT T ATHEBEODRE RO L7

Z =

Poxvirus X G MBOMIBE A TIEIES 5 2 A
E# K DNA T, DNA O## RNA ORFH#IZLE
R BV ELRRELZIIEALHA TS
Poxvirus @ promoter ¥ eukaryote @ transcription
BECHEHZINL Z LWL, #HIZ eukaryote D
promoter Apoxvirus IR I N BT L b % W
(Fig. 3). Vaccinia virus i poxvirus @ prototype
NVEDTHY (Table), RERKEIINT LT 7 F
YELTHEDR, DWIIFITEY ) T TORER%
RBICRAEIZER S N, 19824, 4REEF%
vaccinia virus (EAT A Z LIZEBILTA S, FRA
DB TERIETFEADIOD vector & LTEEL,
FOERE., REMHIZE— m@#ﬁ# LhTns
Vaccinia virus (32025t LEE T, WELZE L'Cﬁr
T&5. BEOKELRERETF (25kb) 2BATHZ
ENTE, ELEHBEEEL LTHD. £ LT
Sk E, BEIX MEY, 2EOFENS
578 IL-15%, 1L-2'9, 1L-12'Y, B7-1 B X UF B7-
212 9 H{EF % #EA L7 recombinant vaccinia virus
o T, MEFHENF/ LN TV S, Recom-
binant vaccinia virus #&7 7 F  E LTERL LS
LW R ML, vaccinia virus 2VRKE DEFHIZ KV
WEBELZZZEHETWA. LA L, progressive

RENVROL N

vaccinia, eczema vaccinatum, encephalitis 7 & D&l
EREERTELZVHETHY, 1968EDT X ) I E
JEOHBEICLE, 77 F oEBICLDEHEIR
1005 NMZD ETANFA L, FETEIE, 100AAIDE
IATH-7" 7 F v BERBIEBCRERES Y
BT AHEEIZIZERTHA.

Table. Family Poxviridae; Chordo-
poxvirinae (subfamily)

Genus Prototype Host
Orthopoxvirus Vaccinia Mammal
Parapoxvirus Orf Ungulate
Avipoxvirus Canarypox Bird

Fowlpox
Capripoxvirus Sheeppox Ungulate
Leporipoxvirus Myxoma leporid
Suipoxvirus Swinepox Swine

#ZC, §9%1k L7 vaccinia virus RTBEEDRES 1
72 poxvirus Tvector & LTFIATAZ ENEREIN
72 (Table). ALVAC & % + V) 7 @ poxvirus
(KANAPOX) HRT, BEIIOHIERY, HETS.
NYVAC {Zvaccinia virus @ Copenhagen strain
KT, MEELHEIIHET AHRETLECLIBD
open reading frames ¥ RIBEETH A" WEL b
LB OMILA TIIHEIE T & 2\25, BA I h7o&
ZFEHEIBINVTEEINL L W) BETD
%' 4@, ALVAC, NYVAC I2& h s 0+
1 bA4 B LT B7-1 @iﬁ‘fi%%‘?ﬁxﬁ'ﬁiﬂvifis
L OBEMIEMREARICEA L, EA SN EETFIE
NVTHEIBLTHD I EARENT. }’Eﬂi%iﬂ%b &
VCIES7 7 F > & LTOE B RIZIRE & BET
M) EERHD, Thit RM-1 & MBT-2 %
EEEDZN NS HDEELNAE. RM-1 Ti3B
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FTOPEESREIX T cell 3 B cell d#/27% v SCID
2 ATHALNTENY, IL-212L 5 NK cell D
FE TNF-a IC L HBHROFEIET 572D THH
52 BEREREICRI L CIREBEBEPIEA L V) in vive T
AT AHITEBENZAFENS Y, BRICHSINSH
biEW. ALVAC OZEHIZOWV T TIZEKRE
BRCHEBENTH YO BEEOAL ST, HIV
BRGR ZF DD virus BREIIFTETI 7 F LT
poxvirus IBEHTH 5.
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Poxvirus T& % canarypox virus H3k® ALVAC
& vaccinia virus %5581t L7 NYVAC 2RI LT
TNF-a, IL-2, IFN-y, costimulatory %F B7-1 ®
BIZF %<7 ARIREME, BEbEMRatRIEA
L, invitro TOINL DBIEFHEHLNIVTEHRS
NTWBHZERRLI. E5HIT invivo TOHER
REZD, BWETREE77F L LTHATES
TREEA S 5.
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