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Vaccinia virus is the prototype orthopoxvirus that has been used as a vaccine strain for small
pox. This virus has been used to express a variety of cellular and viral genes in mammalian cells
at high levels. Interleukin-4 (IL-4) has been found to stimulate the proliferation of T cells and
enhance the cytolytic activity of cytotoxic T lymphocytes. To test the immunotherapeutic
potential of IL-4 delivered in vivo by poxvirus, a recombinant vaccinia virus expressing the
murine 1L-4 gene (RVVmIL-4) was constructed. A high level of IL-4 production was confirmed
by infecting HeLa cells and measuring IL-4 in cell culture supernatant by ELISA. As a tumor
model, two cell lines were used: the murine T leukemic line P388 and the murine breast cancer
line TS/A. CDF1 mice were intraperitoneally inoculated with 1 X 10° cells of P388. Mice were
injected at the same site with 5 X 10° PFU of recombinant vaccinia virus; first, 3 days after the
injection of tumor cells and thereafter once every week for 3 weeks. Intraperitoneal injections of
RVVmIL-4 significantly prolonged the survival time of mice inoculated with tumor cells. All
mice injected with RVVmIL-4 remained alive for 30 days after the postinoculation of tumor cells,
while 100% and 70% of the animals injected with saline or wild type vaccinia virus died,
respectively. In another tumor model using TS/A, tumor was established by subcutaneously
inoculating 2 X 10° tumor cells to BALB/c mice. After tumor formation was confirmed on day 4
in all mice, 5 X 10° PFU of RVVmIL-4 was inoculated subcutaneously three times, once every
week for 3 weeks. The TS/A tumor was eradicated in two of the nine mice. Seven of the nine
mice freated with RVVmIL-4 developed a tumor, but tumor growth was significantly delayed
compared to those treated with saline or wild type vaccinia virus. These results indicate that
recombinant vaccinia viruses may be used as a convenient tool for delivering immunomodulator
genes to a variety of tumors.
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WAl Lo} uloj3) A& Poxviridae FhY Ortho-
poxvirus JBo| £3}H, 200 kbol] E3te A& o]
%1 DNA Ao 1987 2] open reading frame2
231 9lt} (Gloebel er al, 1990). o] wpold] Ax
DNA A9l %4, A4 5¢ g DA}
EE @AV £F AEe MEAdAN dojvte
A& EAQo 2 o). WA Yo} vlo]g Ae 27)
oA AAFS MU variola o 2o thgt
Autolg] L WAl o 2 AlgH o] othrt, 9E &
Ao Az 5 A Aol A2 o F o
G F7 o) F FAAE TP E= Az Y
Ao} wlel#j Ayt A 25 1 9t} (Mackett et al,
1982).

HE 29 WA o} wol el 27l 2E B L
a3 2ok AA, A E F de £F A2
B2t Wol ke 279 AT FA%4E 2
2% 5 3o, =4, gE=Zneg 2 WY
obelutol sl 2 ME T 2 912 G} (2F 20
kb7l 2 AF9l e 4 9101 (Smith er al, 1983),
AR, TE AELE 452 st vlolginolnz
LA 7| 24 e AR AR Y BN 79
3 A daEe) 4o e HA & 23
(: B3}, A48 F) ARE AR S art o

£ Aolth WA Z, WA o} vho] & 2o <2
TEoA = DAl ke A dfAde S~
10%°] &Hte w7 ddE = $F0] £, gA
A, Hholelz ME|E fAA At WA BHo
2 o] &3tux & uj ekAA o] BV} HEv o
Ao} vtolel e ofn] AzkelA AFEECl %
7] B & Aol ol Hx JFH Ute
Aoltt.

2 A7 e Al EFII S BEste ARE
SAY o} Hlol2) 22 Az G ARAZ
ALEE F e e S 2AEIY Y. Y A8
de o Wyo] AHeHo] gt 53 Az
Aol EFNE ol §ake A rsldol AFHOE
Q75 o] skr. Teiu A ol YT Aol 2
1Rl wzt7i7t Fol Bo ko] ©izdo] W
& Polyzh, o8 JHA) RFEE Bo)y) uf £
AA MY AHELS A FH Y YU
Aol E71Q1 S W ek AZT AA Yo} vhol
2 HHE 54 Fad 4T A5 2 FE0A

-T2

E2 o Al EFRRIO] {1 H = ¥
fao e v g & ofo] EAEA =
T g dujEx vl s FEE 10°
plaque forming unit (PFU)Y/ml o] o & Prke 4=
Ui, A2oA F LT FAA = A&
B2 o v o] Hojuf A9} ApLo
B2 Aol ot

B AFNM = BF ) IL4E 29 Ao BT
o2 AR T o] Al EFIRIS &3t Tw2
Az A EolE = FA219 T MEE A=S38
o =4 T HE (cytotoxic T cel)Z ¥-3}3l =)
zZg-8t a1, ojn] £3t" EA T A ol & perforin
45 FsAdes Box o} (L e al,
1990). & 2ol IL-48 T AR WAY
o} uio]# 2F olfatd AFH RdeAM Hete
viet 2& RG4S AAdcte Zavt
t} (Blkins et al, 1994). ] AANES TAHZ 3t
[L45 HH3= HA|Y o} vre]Hd 28 A 23
g 53 AR E AT
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1. Homologous recombination2 ¢t HlE{ p1-
10 miL-42| M=

Ao} Hio) 2] 28] 27] (early) ZZRE 7}
S0} 9l pSFI-10 Ze+20|= (Jin er al, 1994)
& Smal AH|FEAZ X232 calf intestine phos-
phatase £4 2 DNA HH 4E& Si3iAz]
ot HEZHtol2] 2 HE MFG AY o] Sle
mIL-4 X5 Smal A3 E42 At d T A
7] GEstd AFolA 553t pSFI1-100] At
UAIA p1-10 mIL4 Zetxv|=F A 233t
(Fig. 1).

2.DNA EHAEHM

293T A) X3 (DuBridge et al, 1987)Z 35 mm
Wl ek FAloA 2LET} 80% AE HEESE 718
F WA E AAS L oFBE HA Yol vhol 2
£ multiplicity of infection (MOI)o] 0.057} & =&
HIMNAT. ZE AlF 308 § Z8l2u= DNA
20 pg, A XA E (Gibco BRL) 20 pl7} = )
¥ OPTI-MEM )%} (Gibco BRL)E ) £ 7}3}
3 8AIZE] Ad F A2 WA 3 mIE Yo
29 Bt W FskA o



3. &3 + &3¢

ol AE 107° 1074, 107°, 107%] wig =
phosphate-buffered saline (PBS)ell 34 A]7] & 6
well plate 3ol Wi %H 80% U %2 COS-7 A ¥
% (ATCC# CRL1651)°] well & 200 W& w}o) 2
2F 7}8te] CO, AE wjokriol g Azt
1A]2ke] Rt % methyl cellulose?} 1% (w/v)2 =
o2 DMEM HiZ} 3 ml& Yo] 3 Zak3 YA
o] #dsd w7tz vtk Faka FEo|
o)A WX E A A3 10% formaldehyde
(vV)7F €01 & PBSE 3 AT & 0.1% crys-
talviolet 8o 2 SEZF st Zala 4=

A Sl
4. Hemagglutination (HA) £4

Ed2AAG { o]Eo] X} A XS} wjA S
3|8k dry ice} 37T &2 F2A Ztz 58
A 3 HZo} 7t A EE L8l violA
€ gt 1 F E8ta 8 2338t ut
olg 29 FEE ZA3}tm, 100 mm W FHA
170g 1,00070 9] Zaa7t Q7|2 RKI3 A E
F (ATCC# CCL37)°] WA ]o} Hlo]H A S 3]4
st ZFFAAT 3Y FE7 A Se= 34
ol #AHA WA E A A1 PBSE I Ax
€ AHT F 1:509] v &= A g AP
(¢13 RBC) 2 ml& 7}t ch. 1080] A =
PBSE A A3l5 RBC/L 84 e ZaaE A
H3lgct.

5. ELISA0|| 2|3t miL-42] %47} &5

HeLa A 3 (ATCC# CCL2)E 6-well plateo]]
80% = ApebA vl F3 F, 7} welldl A WA &
5 A Asz MO} 001, 01, 1, 57} &
RVVmIL-4& 713t 142t 59t CO, A X Wik
719 A AR 2bzbe] welle] A W= & 7}
T 524, 48, 2A3te A 02 WA B B e
AF 145 &¥ 4 & ELISA 7] E (Endogen)
g o] &3t A5 W] mil4 971E Z4 3o}

6. WAIL|o} o2l 2 F|

Hela X537} 80%9 ZU== wiord 150
mm W FHA] 370 WA o} vlolgAE 7Y

AR F 3U3 WX FAA T 1, A X} H)
A& BT Feaste] 259 44 (152, 103)
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oz AEE 24 FFU olF 30 mle] 36%
Aergel (10 mM Trs.Cl, pH 9.0)¢]o] 7}5}<]
SW-28 rotor& o]-&, 14,000 rpmoll Al 1A] 7k 30%-
T 2AAEYE o83t dolElE TEA
t}. 4] o] fdojelE 10 mM Tris.Cl (pH 9.0) &
Hofl Ho] 2F0F F4f (15X, 33))& F 24~40%
2 5% e A9E£949 718l 12,000 rpmo)
Al 1A 2 Bt A g dte] vle]g Aoz o
Folzl HEE At} o] FAVIZ 3¢
gto] A4 2eldta A 4 golElz BE ¢
< 10 mM Tris.Cl (pH 9.0) £ 1 mlo] %9 ¥
200 W E33td -70C YR BAsa .
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A #] 2] breast cancer line?] TS/A M| E£3= &4
go] k3 A TS o FA ¢S FAH
} (Nanni et al., 1983). TS/A A £FZ 150 mm Hj
F HAA FAAA EYoR "ol Yu
PBSE 3 A A F afxut 557} 10° cells/ml
o] ®A sttt BF 478 BALB/c Q| wj
B ool u) & AL S 200 wl (F 2 X 10° cells)¥
93 FALEIA T ABF 2] lukemia lineQl P388 Al
EFE=1X10° N EE CDF1 A9 274 =
At Ao TSAS Ftz 4U0] 2,
FALE Apelo] ol MRS Fsta ok H
WAl o} who] 2] A8t RVVmIL-4E 747} 1 X 10°,
5 X 10° PFU 4 LA E 599 13} FAlslgrh
P3882 FUT FHol= 39 F 5 X 10° PFU A&
B F{laAo. F oA d2d 2% A b}
oA FYUAL VFLoz 15:d0) A} wn}
o 5 ¥ vl AE A YA ¢
Are (e AT AEY X FHZ AB)ez A
A=

Z o}

1. Homologous recambinationg {3t HIE| p1-

10 miL-42| miz=

AzF AUk vole 2& WEI] A% A
E9E pl-10 mll4 FAn|l=e FTZE Fig
1] moliz uhsh Ao} o] WES 23bo] M
pSFI1-10 Zatav=e) S4& 02 2t R
A, & FFof E #d-S 9F A-type in-
clusion body ZZRE]e} WA Yo} ujo]z] 2ol
early region 7.5 kDa £ 2 R HE QA F = Ao



Fig. 1. Plasmid shuttle vector p1-10 mIL-4 con-
taining vaccinia virus promoter and murine in-
terleukin-4 coding sequence. P1, ATI promoter; P2,
vaccinia virus early promoter.

o} (Jin et al, 1994). o|2]g Fxo] T RE}
AdE AEF HAY o}l vlo]HAE ol &3S
o o 7l Axe) & dA dHE Fxsle
Aoz dHA st A Z, YA o} upol g2
921o] homologous recombinationS 93] ulo}a] X
o} Al F 832 B FAAES AHgaid
HE o} F% FgAr o Al StA S eul, pSHI-
10 Egt2n| = 71E00 ®o] A 85HY k #
A&7} ol hemagglutination (HA) &7 z}7} A}
45 AY. BA o)F FARE A E A2
WA Yo} vle]Ei A HA™ EHFL 71414 9
th o] HA™ 83 & 2t WA Yo} bio)2 A
o 93 P EgtAde HY APl BA
gethe 4dE o] &3y A2F YAYo} ut
ol# g £t

2. =3 WA of Bloj2{ 2 9] Hx

AzF HA Yol niej2i2g WEr] Y3
293T A ZFd] op¥F WA Yo} nfo)zj g 7t
PAIA) T 308 Fo p1-10 mlL-4 ZekAnj=g
EJ2B LA 225 290 A F 2
EHE ol &sd AEE BHAA wolzi2g
AUk o] nlelHAE Erle] FH AxF
RK130] Z4A170 ¥ HA ¥4& 433t HA™
EPEE e YAYo}l wpelgi2E REA
. HA™ HAjyo} nlo]g A& 3/20,0009] 3§
Z dojith. HA™ 288 Relste Bl oF
A7 wolgi 2ot EFHAE Aol U7 o
T FEES YA RKI13 AEFo ZGAA

2= 2
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Fig. 2. Expression of murine II-4 by recombinant
vaccinia virus RVVmIL-4. HeLa cells were infected
at MOI 0.01, 0.1, 1 and 3 with RVVmIL-4. Su-
pernatants were harvested 24 h later and assessed
for content of IL-4 by ELISA.

HA 242 5o 2eshs 392 38 o w53
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3. B{A|L{O} BFO|2{ A0l o3t IL4 W o8t

o] g}o] A £ HA™ nlo]# A E Hela
MEFo ZAAAA 29 Foll ¥lA] FEAE 3
F38t3 ELISAZ F3A12 23, oA Aoz
328 B2F mlL4E 2¥da UL A3
ok o5 3 Aol AEF WA Yol niolHAE
RVVmIL-42} 4983t} RVVmIL-4o] 2] % IL-
4 Q% FEE F A Eem 2AEIY Y AR
A, MOIE €23l E o T = 49 o4&
ZAEIATH FE F 2447 Foll AE FFAS
3 gsle 2ALG 23 MO/ 0.01Y o] mlF 55
ng, 0.1Y¢ ] 267 ng, 14 = 464 ng2| IL-4E YAk
33 AT F FTY ANRE ViEeE &
] MOISt QAE = [L-49) Yoll= AP AQ A
A ASS & F YA ole} 2o AR
T 487t Fol A EE S|Fete EHHE
A= FL3A el o), 7243t Fo] 233}
AL ol MOI 0.1 o)A E & zto]7t &
Ak A, 2L F W FA el T E IL49 A
AbgF W32 zAbslgh o] 23 MOIE 0.1
ZEAAE o o) FA T YAk = L-49) Fo) .
AEHA FaABA &< ¢ F Ut A
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Fig. 3. Overall procedure for vaccinia virus-mediated

MOI 001, 1, 52 FFAHAE dell & 8 FAI 2
vl sj A IL-4 AAto] Z71ER] ES S T 2 3
At

4. RWmiL-40i| 2i5t of A Z D TA}

RVVmIL-42] &¢t AR E dolr 7] 943t A}
£33 A3 WhY L Fig 3o RoA & npe} 2o}
AdRd 2= AFH Q] leukemia lineQl P388 A X
9} breast cancer lineQl TS/A N XF & o] &34
FEo|A &g gHEo] Wtk P38 AT FE B}
o FUNAE o B2 HelA St ¥y
TE 3 A7 E E4ANA HE A ¢
I, TSA AEFE 7 gt Y395 o
9 RoA B 4 9= e ¥ A3} P388o|
s FA WD ool AP EFE £ AR A5
E AL 2 jtol BHEY L, TSA NEFZ A3
FHE ol g RVVmiL-49] F3he oo A4
AEEE TR AdTh WAy o} ulo]g 2o
o FAA AL FYT FHAA 3~49 S
ARo2 74 A= AYHE golxvhe K1
w2} (Elkins et al., 1994) 42 & Stol RVVmIL-4
wlol gl A S FALS}D ) Fvlt} RVVMIL-4E o}
Al FFetH . A8 upo] Eié%:— 2483 A
¥ @A o] 710} Eojrte RS WA E] Al

4 FETHE ol T 2 wfa% o2 wol
Aag AAN E4EE BT
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of TS/A cells
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Flg 4. Effect of treatment with recombinant vac-
cinia virus RVVmIL-4 on i.p. injection of P388 tu-
mor cells. CDF1 mice were inoculated with 10° of
P388 tumor cells. Four days later mice were ino-
culated with PBS (O), 5 X 10 wild type vaccinia
virus (WT VV: 0) or 5 X 10° recombinant virus
RVVmIL-4 (0) ip.. At weekly intervals thereafter,
all inoculations were repeated as indicated in arrow.

P388g o] &3 EdoX & R

o]
A A $HE Ste Ag B2 5 AN
T} (Fig 4). o] 2ol & 1 X 1077) 9] P388 Al
FEZ B FY3lu 494 HE SRE
RVVmIL-4E 5 X 10° PFUY 13 1A o= 33
Z 3t} ol zF e 2x PBSS ofAd

g VVmIL-47} § A
A=
[e]
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Fig. 5. Effect of injection of RVVmIL-4 on TS/A
tumor. 2 X 10° TS/A tumor cells were inoculated
subcutaneously in the shaved area of the left flank
of BALB/c mice. All mice had palpable tumors by
day 4. On days 4, PBS (0), 5 X 10° PFU of wild
type vaccinia virus (®) or RVVmIL-4 were peri-
tumorally injected. At weekly intervals thereafter, in-
jections were repeated as indicated in arrow. Tumor
volume was calculated as (shorter diameter)’ X
(longer diameter) ; in mm3).

WA Yol wiolgixg ZE Ao FAEY
o g A AE e BHY 2 93
At AL T Mlo] 233514t} Fig. 40 B
ol ute} Fo] AME FJ BE J|Fez
30g¢] Awg W RVVmIL-4E Zqjgte A8 g
9] ] 10vtE s 25 AEd e v okl 3
HA Yo} vtol B & X2l F, mock A 2T Y=
&L 2+7} 30%, 0% < LA AT

TS/AE 2X 10° 2 & HF 9] B1 53lq)
ALBtRS W 4Y F £o® whd Fxo (¢
50~100 mm’) ¢o] FAH}. FAE F F
444 He & 484 58 &3 Sdew g
Q15 ¢FE9 o RVVmIL-4E 5 X 10° PFU2] oF
Lo FU51 17 HF o2 59 ulolg 25
34 FASE T RVVmIL-4 A2 $e] 9ute] 3
2ute] o] Hell A& go] A3 JAsia] ggton,
gol Agte vUnA] HoAE AAFHA A
Sx71 & dzTd s dAEA AHHRQ

= AT F AAT Fig 5). FAE F 3
23Yo] He E€ V|F22 P& m RVVmIL-
€ FU 2159 #2 ¢27€ 0E gz
o F 30~50% A=) £ <& 4 g}
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E AT E B3 mll4 FAXE S WA
Yol wlojgiart FAEe AAE g es
A 4 US5E & Ul P3883 TS/A e
SE3Fo|A RVVmIL4E &4 tzTE3) v w3t
o AAZ F¢ £} ATt 53] opyY W
AU o} nlelg 2y FEE g a7l gldld
Ao R ulFo] Bof RVVmIL4 54 2o} 2]
3 A ¥ 93], T2 RVVmIL-4 2o o8 &
F HGANA HEel 2T SR gAY 2 3
AAQ 8AS o8 g A7 E HYF AL
old Aoz AlgHr}

RVVmIL-40] 23}t 39t 3= TS/A Zd o)A
B} p388 RdlolA o] g73 0|} ol O
T AMA 71A% Aol F&H 3w gt A
|, P388 2 d oAl RVVMIL4E E7}d], TS/A
oM &z F99 F3tzF e FY5HA
=, etz B Wayoe} ule]H
27} ¥ @43 Qe B 49 IL4E Y4t
#AE 75l Ak dX87 ZdeE FAHE
IL-49] %3 FAAAIL & Aojmz B oA
AR JE A o gatdo =z L)
< Aot} ERE, B7}o] MEzAHGE AY
HEo olFolvt FAds © FINE 754
o|t}. IL-40) 2J3 gt Edte T A X0 925
olgt At o] 2o B nH = (Elkins ef al,
1994), B k9] IL-47} YAt i) st et o]
of o3 S ¢ YT AES} 22 A4
27 GA A2 F g 2HA BB
Aot et g g 7lgE) FE Aol

Aol vtolgl 2 A ¥ TEE A4
g 5 93, B2 dFAPAE Holr] & FA

ARG HEH2AY AAHL JA 2 3l 53
TR LAY LHoRE NSAYE B F

o Eo

Sle AYOIAE 0§ £ FE HYAR AL
9 4 Atk A1 UEAQ & 27 B #3
AE Folo] &g ARsA e 29U R
t}. IL4 o]9dE IL-2, IL-12, granulocyte-ma-
crophage comlony-stimulating factor (GM-CSF), 1
2] 3 interferon-gamma (IFN-y) 52 L& 3l& A
Z3 WA Yo} nlo]g A o] &3] g5 F
&3t e Al mEe] 8¢3] FYPH 3 3o} (Meko
et al., 1996; Peplinski et al., 1996). =3+ of & 71|



Aol EFFQ1S B 3l
gt HAA 2 TA
X g F Ut

vt o] WAl Lo} nio]#] & wlE Al 2wl
E B 7R EAFo] EA%. Yajo} ule)
25 FYEE o o] Hiojy e W HEA
ANHd d ghgo] fFEHol o] YA A&
FE Bol7] Ao "Aw-g-o oa) 4A A A
A F o HAAZ HAFo i Yoz W
AlY ot Hlo|HAE o] &317] f&e, TE2AY
ol e} =] wWAlYol utolg e o)) W
ABANME & X8 EHE HolA ¥E F 3
o} EE Ao} violgl A BAE £ e
Autolg]l oz HAMA 7 <kalE SRS o
A QLT B 98 & Uk YA Yo} ulo)
2ot ALE7) Yt s o3 AP B0 B
gxjofofgt & Zo|th. o8 FAF ] A M}
31t F o2 v gAG3A A Bl 5L kAl
WA o} npo] 2l 2} 2/ poxvirusE ©]-&-& A}
7 Rad bk Yot

WA o} Hole} 28 2
< Fuss7] 98 A

& g

# o P388 4RI TSA d2d-& o] &3}
o AERN4E LddE= AZF WA Yo} ul
o]2 2 RVVmIL4E A 23la 3 FHE FA}
3l tho-3 e A At

1. RVVmIL4Z A Z3le] 5o 7194
Zi—% o IL-45 A4 4= Q&2 Felsldg.

2. WA Yo} npo] g 2o )5k L4 42 MOI
L W SR R EAE MR T

2.P388 LdoiM e SME 9] & 289 HE
g RVVnIL4E FALL HE 1002 Y28 Q)
<6 vHEA oA E wWiAjY o} nlo]y A AL,
PBS a7 H=LL 747t 30%, 0%US <&
F dA.

3. TS/A Bl oA RVVmIL-4Z Z=¢jule ox
HelM e ol AHHz U A HeMxe 44
7ol ZA AN S AN AT FAE T
F 23Y0| He 92 7|£2 2 P& o RVVmIL-
42 F9F o 3 g2V = 98 gz
30~50% F = EAXEE & 5 UA

4. 0] A& IL- 4E wE et A2 YA Yol
uto] g 271 &t FHz A8 HEZ A1 8E 5
A=< Svjgith
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