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Oncolytic vaccinia virus is an engineered vaccinia virus that selectively destroys cancer cells and induces tumor
immune response. Oncolytic vaccinia expressing mouse GM-CSF showed cytotoxic activity against various kinds of
cancer cells when oncolytic vaccinia virus expressing human GM-CSF and mouse GM-CSF is intravenously administered
in the mouse CT26 colon tumor model. Cancer cells treated with isolated immunoglobulin G from the serum with
complement showed these cytotoxic activity and complement observed dose-dependent cytotoxic effect. These results
suggest that oncolytic vaccinia virus expressing mouse GM-CSF can increase oncolytic vaccinia virus by inducing
anticancer antibody in a mouse tumor model. Further studies are needed on antitumor immunity of GM-CSF.
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o A olutolel 2t FPATONA Aol B
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SLAIE el 4] upole) o] AEls
5 npolg 2] % F WAHES F Aow U
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AES e Akl FFol ek WA " A}
UG 3 e Fof At} (Bubenik, 1996; Dranoff,
2002; Hofbauer et al., 2008; Qian et al., 2010; Lee and Margolin,
2011). 2L & GM-CSF= T35 el d1AE
of = #Hgste] o] ®Eshek A4S FAATI=
7o o 2RI, = dAellM= e 8t
st Fol MAsE A o3 BFT Pazol
F2 AAgER, 3 9o Aol We 7% $7hA17]
7] &l ©o] ARE-E Al T} (Fossati etal., 1998).

GM-CSF= 4514 AX5Ad T H2 A
ofgh= Aom delx lof &k wiAYoetutole| s
N33k ole] &ob whole] HF hGM-CSFE WEshe
= AAlE o] A5 3 T} (Hermiston and Kuhn, 2002;
Hermiston and Kirn, 2005).

18t hGM-CSFE #dsh= &3t vlo]
hGM-CSF & I

il =
ol xo] FF WY oudlt JgES HH=X] Lol
18l AFA ot 2o A &Ao] gl <17FE GM-CSF
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A} (mouse GM-CSF, mGM-CSF)Z 413t &b #A|
ofutole] ~E o]-&sto] GM-CSFO] Aol T4 W

[

le=]
oA A et ZelA o] ofm gk aakE LEhy

A AT,

EREET
2t WAIL|OHHIO|2 A

e} WAl ofutolef 2
2o %, hGM-CSF 44 %2 mGM-CSF i
ZF TK fd2F ool Adsti o, lacz
TK F2AF dGo)] AYE ATt (Fig. 1A). (Mastrangelo et
al, 1999). MA|Uo} nfo]2] o] Wk oy th gt O RA
NYCBH (New York City Board of Health)7} A% it}
10% fetal bovine serum (FBS)<} 1% penicillin/streptomycin
(PS)7} &% 100 ml RPMI 1640 Al|3E B Fio] Hela S3
AEEZ 2 X 10° cell/mlS
ZF22F 400 pl& Frlske] 3413 BoF wjkd 3 g

plaque forming unit/cell®] &<t WAJYolufo]Hq A5 744

= Wyeth #A| Lo} straing ]
AR 2

AR} =3k

juh

A7) 5 2A17F E<k wloket & RPMI 1640 A3 ulj kol
100 ml& FaL 72413F Fb wiFatgict. &ek WaLo}
ulo]2] =7} 7+ % Hela S3 AlEZS 6,000 rpm, 15% 59t

LA EElete] AT AASkAL e pellet Tl 10
mM Tris (pH 9.0) 7 mio] FEAZTH 295 Ba7)=
pellet & &2A1Z1 F 12,000 pmelA] 14]17F

S A 2271 (A20.D)E o83t 94 3
SN2 AAT ] e et wiaY ool g 27}
sk pellet 5= 10 mM Tris (pH 9.0) 0.5 mlo]l F.o}A]
YAES H7kste] 80Tl A7Fghct Als Tdagt Al
= A2780° 4] plaque assay® H}o]E]2o] HA7lE A
sk3leh
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}E}

R oo oy

._L

H M ZHHY

At g5 AES] HeLa S3E 5% FBSS 33}
© RPMI 1640 AlZajge) 0.2 37T, CO, vi7]oll A Hi
Fate] Ak WaUoptole 25 FAA7] = ARSSES
o} Al A A5 AlEQ] HeLaol AL
A2780, Abe ZEF AE (U2-0S, ATCCEY-E -9
10% FBSS ¢3li= DMEM (Dulbecco's Modified Eagle
Medium) A ZH| NS o]-8-3Fe] 37°C, CO, Hig7]olA
Hjekatich Al et AlE HCT-83} HCT-116 (3H=A)
EFPorHE 9= 10% FBSS $Hirdh= RPMI

fa et Al

ge) Fepmzol M wjepstsi

1640 A|Erjekl o 2 37T, CO, Wig7]olA w33t
AF o AE CT26 B/l 2528 0 25 E] 19))
= 10% FBSS 3-53l= RPMI 1640 A|En|Skelo @
37T, CO, HlY7Ioll A sl

NEEN =X

—To 1o

ok WaYolrtole|Ag o] Wk A et 2E
oA Eeld dAo MEHES WEs %311 Absh A
- MSEQ] HeLast Abgh whaxgh AIEQ1 A2780, A
# et A HCT-87 HCT-1169F AF tiet Al
S 96 well plateol] 2 X 10* cell/100 pl2 &

F-5Fo] 24A12F 5t wggitt. PBS (Phosphate Buffer
e ity P WA Yoluto]# A
(mGM-CSF vaccinia virus, NYCBH, hGM-CSF vaccinia virus)
=2 Fo v AF gEket 2] z‘g;‘q_o_ Z}zvo] oFA|E
o Aggk & 4A17F F<t wjYgE - Cell Counting Kit-8
(Dojindo Molecular Technologies, Japan)E 3 7}8}aL 37°C

oAl A 1A1ZF &<QF B & Microplate reader (Bio-Tek,

Solution)E

USA)E ©] &35} 450 nmollA] S35 S43ko] A E2]
AA AEES AT Al AEES SA4E &
HE ghs o]&3ste] ofEfor & Wi o= ALlegich
axg  APT BENR FRE - V12N FE
oy = - X 100
OO ozEe) BEdx F4E - J1EN: F5E
laG 2|

A7 G Zdlo A PBS9} &t WAy olulo] g
(MGM-CSF vaccinia virus)E Fo W2 3o 2HE
Melon Gel IgG Purification Kit (Pierce, USA)E Al-&-3}o] ™

=259 [gGE 3tk 500 el A SejEE KB
Oﬂ i1 s J 6,000 X gol| Al A4l gk 5 300
o] Fe]8de @il 10x 52t 6,000 X goll A 9A &

off ™, 1o
(S

th 71 9fel 500 o] FAE FHS WolFa 5
Ao A A $ 1t o A 28 ¥ IeG
(Immunoglobuhn GE & O}Oﬂﬁ} 223 [gGE A
e AET A27800 A&
BFaL 4A|7F EoF vjekd &

< complementE *] €
Cell Counting Kit-8 (Dojindo
H7Fskar 37Tl A 1413}
Bk W8 & Microplate reader (Bio-Tek, USA)E ©]|-8-3}
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Molecular Technologies, Japan)E
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Fig. 1. Genetic construct for oncolytic vaccinia virus expressing human GM-CSF and mouse GM-CSF (reproduced from
Mastrangelo et al., 1999). Human GM-CSF vaccinia virus and mouse GM-CSF vaccinia virus expresses hGM-CSF and mGM-CSF from
the disrupted TK gene region under control of the synthetic early-late promoter.

MZE| CHEor ml
T =

9vta]e] A% 775 BALB/c BFHE PNUH &4
FHAoA dFde HF 77HE & & A o] &3}
Stk AF ot 2dd vHET] S8 AFH digd Al
¥ CT26<2 10% FBSES ¥3}3l5= RPMI1640 Bl Folof] A
37C, CO, vlF71ollA] wieFsle] 4 X 10°9] CT26 AEES

BALB/c AF 9] A2 I35l 0.1 m¥ FUs} F

MGM-CSFE WHat= 3ot WALloHIol2{A NESA

s}

GM-CSF7} a¢t Wil #edal=x&
AF A EAo] 2= mGM-CSFE Laﬁ_s}{— o} Wl A]
Hoprtele| 2o} &do] gli= hGM-CSFE Hs= 39

o] A717F oF 50~80 mm’ = AFsAS wl, FHE
4ulE]¥ 47155 (PBS / mGM-CSF vaccinia virus / NYCBH /
hGM-CSF vaccinia virus) 2% o] 2H2F 1 X 107 plaque
forming unit (PFUY100 ul2] g Fojeol £k W FoJ&
A HAo R 23] TSIt 7 WA Fof § A
T AESAAS HEs) Q8 A AF dEe =
2HE S B S 5T

i) m&m

WA olutol 2 ~5 ARSIt (Fig. 1). L 9401] 2 Exiria
© 2 pBS9} opAE &l wixjyolutole] 2 (NYCBH)
%= A1 X 107 pfw/100 o] AL 7HA 0w 23] A
0=2) =& T4 U 5o m=2)% 5 Id5d T 4H 4
et mele] P o mHE Aol e b=AE oAl
oA ATiA BEES BHEeelth 1 23 Fig 2014
T %ol @45 #Ea] A8l Ak Tk AlEQ)
A2780, et i<t AlE HCT-83} HCT-1161 mGM-CSF
= st e wAYoputolg| s A o] Fof W
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Fig. 2. Anti-tumor activity of serum collected from CT-26
tumor model (n=4) treated with oncolytic vaccinia virus. Serum
was treated in A2780, HCT-8 and HCT-116 cell lines and cell
viability was measured using CCK-8 (Dojindo Molecular Tech-
nologies, Japan) after 4-hour incubation at 37°C. Means were
analysed using a 2-way ANOVA (P<0.0001).
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Fig. 3(A). Comparison between intravenous and intratumoral
injection for anti-tumor activity of serum collected from CT-26
tumor model treated with mGM-CSF vaccinia virus in several
cancer cell lines. CT-26 mouse tumor were injected intravenously
or intratumorally with 107 pfu of mGM-CSF vaccinia virus. The
serum was treated in A2780, HCT-8, HCT-116, CT-26, U20S and
HeLa. Means were analysed using a 2-way ANOVA (*P=0.0378).
(B). Time dependent antitumoral effect of serum obtained after
mGM-CSF vaccinia virus injection into mouse colon tumor
(CT-26) model. Serum was serially obtained at pre-treatment, Day
15, 28 and 33. The serum was treated in CT-26 cell line. Means
were analysed using a 2-way ANOVA (P<0.001).
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Fig. 4. Dose dependent of effect of isolated IgG from PBS or
mGM-CSF vaccinia virus injected CT-26 mouse tumor model.
CT-26 mouse tumors were injected 107 pfu of mGM-CSF vaccinia
virus and PBS. IgG was extracted from mGM-CSF vaccinia virus
and PBS injected CT-26 mouse's serum. Then IgG was treated
A2780 cell line. Means were analysed using a 2-way ANOVA (P
<0.0001).

o} vl G4 Aol He Aow
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UEE 53 THHEE *JZTO ™ (Russell, 1994; Kim et al.,
2001; Parato et al., 2005) &43}¥ F-AUAEHZ (activated
genetic pathways) 5 SFAARIA7 s A4S AL

2 gl FYAEE st = 9t} (Martuza et al., 1997,
Heise et al., 1997; Stojdl et al., 2000). ©] u}o]e]~2o] Az
TH W BAE AAE FFAE] &7} o] FofH| AL,
Q3 EUATR SHAFEITH (Todo et al, 2001). & o]2|&h

Hho| gl 258 TY-5olH AX5d THET f= 2
AgEHgoz AH FHA (transgene) HH S xS

e 7|dES 53 TUHEE AFEE 5= AU} (Chase

et al., 1998; Hermiston and Kirn, 2005; Todo et al., 2001;

Hermiston and Kuhn, 2002). &%} Hlo]2]y FH FokA)

¥E F43}al, GM- CSF9‘r 2o Alo|EFR oz E
I

Foll thek AANH3-= A7tk o]2lgh nloly 2 X8
= A s0e '13‘?301] '24E YA &= s &
Aoz A5 5 de AAES 7ML 9lom, Bt
olgfgt nlolY 5L FTYIAAAES Tl TLAUAE
=3k 4= At} (Breitbach et al., 2007).
GM-CSF= 28 &g A=2lat & vz SF5FHTA)
=

sAS 2Adsta, Asd delge AT
AN, FLFEA AE5Y T AEE
FaslE shS WOl (Fossati et al, 1998). ©] wji-ol]
human GM-CSF - x}7} ofd|=n}o]2] 2 (Zhu et al,
2005), 3= 3 2Hlo]E] 2 (Todo, 2008), MA| L olHlo] ]2~
(Kim et al.,, 2006)5 H|E3t o] 3¢} vlo]#{ 2ol human
GM-CSF7} AH§i o] Aes SAAI7| 5 a9ty Qlrh
T A9H ofdientolel s WY A *MOM T4
W Fol8ldS ) mGM-CSFe] wH&lo] S7be Ao] war
vl 29low (Qian et al, 2006), =3+ mGM-CSFZ w3
Sk oF53)l ¥ &t dZ v 2nlo| 2 (Herpes Simplex
Virus)E T W TGS w FojE THET ofY
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