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A A obdlubol 291 Ad-AB7l AF§isted  AB7/IL1Z2, A
B7/GM, 81 AB7/IL12/GM wutol] =& A4 stqdvh. A 2Hgk o}
nfol g 2o 93 IL-129F GM-CSFY %3 AHEE ELISAE A3
stelom mpelgl s g3 wlH oz IL-129 GM-CSF7F 2d =S
S 4 4 %t C57BL/6 vE$-2o A ¥ BIGF10 A F A
B7/IL12/GM wutolel =& Fog A5, % FHA vz v 4ol A
CD4+¢} CD8+ T M2 +# of Hlef F7Fstaton
GM-CSF9] &de] s FoF FHO=Z9 antigen presenting
cell(APC) A2z o] FT71gs #Zskuv. =3, CTL assayet
IFN-y ELISpot assays Al &3 23} AB7/IL12/GM #lol# =& F
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29 E1IAE CR(conserved region)1?l 30-60 o}u]i=4t A4

120-1270Fm =t o & FA o] gt o5 F o= I FogxE A&
¥ E1A-pRb HgA o] Aol Az o] FolxA Fe=v. ofo &
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phase checkpoint =
GO-Glell A MEF7]7F AAH oy, e F7 dAHNEZE2 Rb
A ze] WHol¥wl oyl pRb pathway, & pl6/pRb/E2F 21 & A

42 sol HAZH R 2AHY] P, AxF7I7F 2] A
A AEREde] FANAT. wekA A24 ofdlw=mnlo]e] 29 o] Rb
A7 B2 std A Ee FHEHEW EIA-pRbe] A o] o] Fof
AA ot AEE S F712 AP Ha, ARH o R off wulo]
= BAZE GAsHA dojuAl k. o]e ®Esko] pRbe] 7ol A
FARJN AEAAE EdHe] E E1AZF pRbeF A8 4 glo] S Al
57l AYPHA Feta, Ao o]zl LAwo] FA b
dasiAl "ok 2 Ao AEE Ad-AB7 ofdlenlo]H e GAE
Eo]Ao] $43 pRb A% 24 oltwntolel 2~ Wolz ol
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571 913te] EIBI9 kDa® @7 @&A7 AdR FF Ads 4
obdlwnhol #] 291 Ad-AB7 obdlwmnte] 2% o] &3tk

wor ool AT FF WS FHE A mepd &3

Fgatel wAF AA FEHm, e 4 o

1:1

Gol Wy A QA Wl W ALEo] YAX WM A
4 AEsE dE BAL A4FoEA 39 Agws dont
o, ool ey 2 HAW b FEelut Aw

o
B3
i3
Lo
o
)
HE
>~
of
Lo
2
o
o
M

, IL-2, IL-4, 1L-6, IL-7, IL-12, IL-13,

interferon gamma(IFN-y), colony-growth stimulating

factor(C-GSF), monocyte-colony  stimulating  factor(M-CSF),
)

granulocyte macrophage -—colony stimulating factor(GM-CSF),

tumor necrosis factor(TNF)), MHC &%, F a9, B794 &
co-stimulatory ##F So°] 2t} 53] GM-CSFi=, Dranoff % 9]
retroviral vectorg ©]& g ofe] F7{F Alo]E7IY EHE Mg
Aol GM-CSF7F 7b4 ZEeta o8 A&sEs 9 W9ags
doitte AdE B3 F oF Fugd AFst APH: Yt
GM-CSF+= dendritic cel(DC)= A=3sto] APCZE 9 #3315 FIIAIA
CD4+ 3 CD8+ T MEES] HWARES FAA F= 9T o,

GM-CSF+= DCY #3t& FXA7]+= 75 9ol primary monocyteol
Al MHC class IE T4t #A59 2 £do= #ofsts Ao
2 oRag vk 9o’ FF delA GM-CSFg daA7E F9
07 APC7} EolA Hi F%4 39S &334 o =F processingdlto] 7
got Wonkg g Fran' @9, IL-12% p359 pd0 w9 A7)
T2 Holdde Aol 70kDagl olF T A=A 243tE oA

O
e
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T
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Az 2 adgtep e APCol s #Hl €t IL-12%= Thl A2 ¢

NK Az 3, IL-2 £ TNF-B9 22 AolE7leE59] A

A& ZHetw Thl Axo] o3 WAWEEo A<, CD8+ A

sh, 28 HAV|AAE T2 Tl el & B olyg} CTL AX
7z
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1. A EZnf ek

B16F10 A®xF+ 10%9 $Ho} &8A(Invitrogen, Carlsbad,
CA, USA)¥ A A penicillin/streptomycin(Invitrogen) & X338+
RPMI 1640(Invitrogen)& AF-&3Fo] 5% CO.9 &4 3o 37°C 32
H QF 71 ol A ul ket A et

A 6-8F ¥ AT 20 g Wele 43 C57BL/6 +H wh-
sttt o] 5 wh$-2~+ SLC(Japan SLC, Inc., Japan)olAl
Asto] ZEstEUolE AolAe 3-4 mEH Yo WiEdH FEEI}

AY ANs(FY APs=, Korea)5 v wstl 7tsd & 2E

R 6

=

=
=

w2 T E 298 2oy o AFSE9 ).

3. wkolel = A& 9l A

pGL3 basic 24 HWEH A4Y=o] A+ murine GM-CSFE&
Hind/l7 A 242 AHesto] oF 800 bpel DNAZHS 53 o,
pSP72AE3/GMCSF ~ MEWEl  Adetdlah.  Alztd pSP72A
E3/GMCSF MEWHE dI324/AB7 EgW e} 37 BJ5183 of &+t
of HAAIAA A5 A ZFF(homologous recombination)S %= 3} o]
AB7/GM ofdx=nlol el ~E A #skA v, 3, pCAI4/IL-12 HEH o
of Q& IL-1258 Snal/ls Sall A G225 Ao 24 Kb
A dHE 4L F pXCl/AB7 #WHo Aygste]l pXCl/IL12 A
. Azt pXCIl/IL12 MEMH S pvdmldl324BstB
o A A BJ51830 A HEANA e AxdE =
o] AB7/IL12 ofdlmwioly 25 A sl IL-129 GM-CSFE
Aol EAst= ofdlmulol Yy 25 A #Fsly] fsho] Ar]ol A AlAE

M o mx
i3 hiAss
)
Tz 1
Ll
2
£
ofr
o
&
)

Hrt
e
=
v
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pXCI/IL12 ME9WH ¢ dI324/GM EE¥WEE 37 i BJ51839
Fd AgAA AB7/ILI2/GM wielel =5 Azt A4dE EE
ol ~ 52 293 AMEZAA T2 wjYg ¢ ¥ CsCl density
purificationg A 8312  dialysisAl 2l &, 4% sucroses -3
storage buffer(10 mM Tris, 4% sucrose, 2 mM MgCl)ol £33 F
-80C sael  AFEdT. ZF wmoly A= stock®]  titere
spectrophotometerS ©]§3do] Hlo]# 2~ genomed FFEol 23t

optical density(O.D)= AF=3} %1 o}

4, vk~ A EFo A IL-129F GM-CSF w2 uk& &

IL-12¢} GM-CSF& #u]3 wud=2 R Azg wlo]e) 9
Adde wmE wd AEE FAHs7] st enzyme-linked
A A8 At BI6F10 w2 3 A%
AE 5 X 107018 25T flaskol 53 th&¥ o2l multiplicity of
infection(MOI)9] AB7/GM<} AB7/IL12/GM wlol&] 22 27k 7+ A
Atk wpelel 2 7 F 48A17F Fofl WA E F78te] ELISA assay
5 AASA Y. ELISA assayq A 342 mouse ELISA GM-CSF
kit(ENDOGEN, Woburn, MA, USA)2] Ao we} A gsFAct =
s, AB7/IL12¢} AB7/IL12/GM wlolel =5 ofg MOIZ #ZHdAIzl &
2N 7 Fol wjAZ 7 8ke] ELISAZ A A&t 96-well plateol

AN
o

immunosorbent assay(ELISA)E

-9 -



Hj ok el Zof HmjgE JL-129] %S AET)

5.4 W) HEF w5

BI16F10 wi-%2= SFA4F A Madista AEF oA
Tdete] AREsEith B16F10 SAF A+ 10% ¢Hol €45
3%  RPMI 1640 ®iXx]olA  monolayer®  Hvi%sed  0.25%
trypsin-EDTA(Invitrogen)& A & $ $ RPMI 1640 v #| = A 3} o
Ao stAY == 5 X 10° ¥EAEE 100 4 Hanks' Balanced
salt solution(HBSS)® F-frato] wmhg-2=0] EHwo] 3t FALekt,
TYAEL o)A F oF 5-7d A, T A7 °F 60-80 miA = A
st PBS, AB7, AB7/IL12, AB7/GM Z1¥] 3 AB7/IL12/GM ofdl =
Hlolel 25 5 X 10° & 5 X 10" virus particle(VP) § %02 29
of WA 53 FF W2 FoAsAY. TFY AV FH AFA
a7 HGA £ ADHDb)S 27 =46l a X b° X 0529

_L/\] o 7 A}%g}oﬂ q_

uh)
olN

b

ol—N
bl
i
e

6. Pk A W B A=
C57BL/6 wh§-2=o A -3t 4]
Aalela, 4d+E AAS7] $98] EDTA-ammonium chloride & <
(0.15 M NH4Cl, 1 mM KHCOs, 0.1 mM EDTA)S %o 4T oA 5
B2 w8 5 2000 rpm O & 1087 AR 5 A5aAS A7
33l 10% $-elol & o] Eo]9E RPMI 1640 sl A= 23] Al #3519

o= A

tlo

A% 5 A

4l

=

7. Flow Cytometry &%
uf--2~0 v MEXE HAEct] dAE FREEZ e US,
CDh4¢} CD8 AX Ho #®W3stE HFsH7] 9389 fluorescein

isothiocyanate(FITC)-conjugated hamster anti-mouse CD3e

_10_



monoclonal antibody(DiNonA, Korea) %X+ PE-conjugated Rat
anti-mouse CD4/L3T4 monoclonal antibody (DiNonA),
PE-conjugated Rat anti-mouse CD8/Lyt-2 monoclonal
antibody (DiNonA) A& At&atlom, vpg2 AAAE LS H
%5171 # 3k od PE-conjugated Rat anti-mouse
CCR7(CD197,EBI-1)(BD PharMingen, CA, USA), PE-conjugated
Rat anti-mouse CD127(BD PharMingen) &A1& A}&3}9th. zHzbo
FAE 9 FH 4ToA 4583 wrE Azl § PBSE 2¥ Al F st
e

29% paraformaldehyde® A A 71 T fAE

8. IFN-y enzyme-linked immune spot(ELISpot) assay

obtl:=nfol e 25 Fofgk whgzoX FEAE So]F T A
¥ FAEE HF87] Yste], ELISpot assayS A A&t zZhzho
obdli=nfol e 25 Folgk wpzo BHAAEE 7Y RS

=
3l th. Assay platex anti-IFN-y A2 3% F¢k 383 &

25 X 10°, 5 X 10°71¢] B A ZE plated] EF3 1 35 FoF ug
At} o] & biotinylated anti-IFN-y A S ¥ 24 7F FoF Hk3- A

71 % streptavidin-alkaline phosphatase H#AE ¥ 1 1A 5

WEAAT 1S 93 W ASAR b, AFY Age] i
3}

U/me) ot wWAabd el ZAE B16-F10 Az 9k 37 37C, 5% CO; Hi

- 11 -



F71el A 3-5¢ o wleF SATE MWl T 35U Aol U4 F st
of AILE A Al713L, 10% +Hlo} EH o] E°13= RPMI 1640 =i
A2 23 A 24 AE(T; BI6-F10)2 *'Cr® % A (labeling)
3t7] $18to] NaxCrO4(200 nCi)E H7bste] 37C, 5% CO. vl % 7] ol A]
60+ wiekgt ), 1500 rpmoll Al 1023 ¥4 E2ld $ 10% $-H o}
PAJo] EojdE= RPMI 1640 wix= 23] Al s ch A7]elA 4]
g v FAEE)} VCrow ZAY FAANETETIZ 1011, 301, =&

NY, USA)el 93l 37C, 5% CO» W¥71o1A 4 A%k 5k wgate
ok 4AIZE F 2200 rpmollA 5&FF HA BEEst ASAS 100 ul
2 FHel y-counter® FF Ao fHE C'Crol oF oy Mo FRE
S48t AEX 54E& =3
o v FA o] AE FAHE AFEE

% Cytotoxicity = (E-S)/(M-S) x 100

100:19] ®l&=2 4 T v-bottomed 96-well microplate(Corning,

ol
2
R
)
112
jueil
Mo
w
=
T
>
=,
k=5
=
Q
=y
U
il
ol
o
2

E : Experimental release count
S : Spontaneous release count
M : Maximun incorporation count

10. 229G

Fogk H, mpAE wpoly & FAF F 3
PFA &9 ¥ 4-8A17F &<t LA AR ¥ 30% sucrose & ol A
1273 EFA 7Y, 894" 222 0.C.T. compound(Sakura Finetec,
Torrance, CA, USA)Z &2 vA% 5 10 ym 742 ddste] A
o] I®HH Sdhol= gk o FRste] x£2 WY NS A F
sttt Eetol=e FaE 23S 03% HoO: & AelA 10 3+ ®ES

AA WA Aats Bae AESs AdA F odak FAQ rat

[>



anti-mouse CD4 @& & A (BD PharMingen) =% rat anti-mouse
CD8 @& & 3A(BD PharMingen)E Yol A 204 447 FoF Wkg
AlZAtk o] & HRP7F 23% oA Al goat anti-Rat IgG-HRP
FAE Fol AolA 1A3 Tk wg Al7]3, DABE #H7tste] 2
A ARATE (AR BT 70%, 90%, 100% etanol¥}t xylene & o 3
Al71aL AW S5 Yol wEstn e 74zt npoly 2 E
gk & wmg-xo FAE sG] A E5E AT F 3 m
7ol EEfol=g Attt o] = xylene, 100%, 90%, 70% ethanol
Gdo  AAH=zZ HHAAA  FHHS A A(deparafinization) gt &
hematoxylin®} eosin(H & E)o.& gAatdct. A, vpf2 F Ao A
PCNA® &g wEstaza 7)ok Z22 HHo=  IAdgaS AA
(deparafinization) ¥t ¥ A% W PCNA¢t A&z o7 Ad3dE= mouse
anti-PCNA/PC10 @A (Dako, Glostrup, Denmark)E 9 A= A}
43t o1 Envision/HRP kit(Dako)E °]-§3te] DAB A A #&
stttk FA W AIEIA AR E T 7o HagA Sdol=E
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1. ofel=npolg] o] Azt B mpole] 2z ol o7 IL-12¢
GM-CSF @ o] wrad s 574

IL-129} GM-CSF& FAlol wdAAA GAEZe] e 24 &
o] A ARE dotr 7] fste] IL-12 fA A7) ofd] mnfo] & 2 9]
E1l #9el 4% GM-CSF 427k E3 F9]o 4Fd® AB7/ILI2
¢ AB7/GM  ofdlwutolel~E A7 A st ow,  IL-12¢
GM-CSF7} #Alol @d@ s AB7/ILI2/GM nupole] =2 Al &Hak3l
(Fig. 1). Al&¥ AB7/IL12, AB7/GM %+ AB7/IL12/GM o} ¢ =n}
ol e 7|8 d A E1AY pRb AdHF o] &AWl HA
ov tEo] E1B55 kDa®t E1B19 kDa7} &4 ® AB7 old=nlo]
o] IL-129 GM-CSF7} E13} E3 ®9o] 2472 = S A0 4ld
AHE EolA FTA7Ms AxF ofdlintole)soltt, Zbzbe] ofyw
upol g 2o 2] & IL-129 GM-CSF9 @3 AEE dolrr] $ 3},
B16F10 vwl$2 ZA% Axd AB7/IL12, AB7/GM HEix A
B7/IL12/GM ule] ] A2 50, 100, 500 MOI=Z z+z} 72+ A7) 2, 9641
% Foll wiAE FAG ] ELISAS Al 339t} Fig. 2014 2 wvpe}
2ol AB7/IL12 ofbdlxulole] == 50, 100, 500 MOIZ ZdAI7 4
9 IL-129] @H&o]l 2336.85, 5966.19, 1574142 pg/mlo] P ow, A
B7/GM ofdx=nto]e2 Zhel] o]gd GM-CSFeo] a2 13468,
79176, 728680 pg/méol vt A, AB7/ILI2/GM oldwmulol A=
50, 100, 500 MOI #AAIZl Aol = IL-129 @& % 530, 1327.50,
8499.04 pg/meo] % om, GM-CSFo &2k 45474, 126668, 1273080
pg/m o2 IL-129} GM-CSF @d g BT ulolgf 2~ A7prt F745ko

el 7 v er kst As 4 ¢ ddHh
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— 1X //Ad genome o
AE1
— E1A | E1B19 | E1B55 | IX //Ad genome i
Wild type Ad(XC)
-=Zl|l'_=—-=:||l'_=—
— E1A IX /ﬁd genome o
A ABT
TV
— E1A = IL12 — X /&d genome —
' ABTIL12
<
e E1A IX /ﬁd genome | GM-CSF e
ABTIGM
_ﬁ_ AL
TV
— E1A IL12 — X ﬂ.d genome GM-CSF o
ABTIL12/GM

Fig. 1) Schematic representation of Ad genomes used in this
study. AB7 contains mutated E1A and lacking of EIB 19kD and
E1B 55 kD; AB7/IL12 is comprised of the IL-12 genes driven by
the CMV promoter inserted into the El region of AB7; AB7/GM
is inserted into the E3 region of AB7. AB7/IL12/GM is comprised
of the IL-12 and GM-CSF genes driven by the CMV promoter
inserted into the El and E3 region of AB7.
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Fig. 2) Cytokine secreted by gene-modified B16F10 cells. Murine
B16F10 Melanoma cells were infected with AB7/IL12 and A
B7/IL12/GM at different MOIs. The concentration of IL-12 and
GM-CSF were measured in the culture supernatant 48 or 96 hours

after infection by conventional ELISA Kkits.
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% 100 m' A% HAULS wl AB7, AB7/ILI2, AB7/GM EE A
B7/IL12/GM molel 28 ol 1A o= 33 F4 Wl Ay T4
F vpA e wloly s FoUdR FEH 354 F wlgxo) wHgE A
1 helper T cell(CD4")%} cytotoxic T cell(CD8") +3 H& W3 =
w@stA Fig. 394 ®= ukét o], ABV/ILI2 =+ AB7/GM
ojf s Folg w9 A9 wAAEY CD4 T AXE B &o
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ol#l =]l AB7 6.12%°l Wt Frrsklen 53 AB7/IL1Z/GM
Hiolgl =g Folg w2z 4 CD4 T AXE ] &o] 18.06% 5 A]
o2 Adgated ve CD4 T AEFHe] A F7rskdch &3, A
B7/IL12/GM wntole] =5 Fofd w929 CD8 T AE 9o A
1317% 24 AB7/IL12(11.27%) T+ AB7/GM(4.52%) vtold ~& F

o5 uh§-2o] WSl CD8 Aol FhEE Ae BAe
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Fig. 3) Analysis of CD4" and CD8 T cell population. Two color
flow cytometric analysis was performed using spleen cells from
mice treated AB7/IL12, AB7/GM, AB7/IL12/GM, AB7 or PBS.
CD4+ and CD8+ T cell subsets were increased in mice treated

with AB7/GM, AB7/IL12/GM.

o] & Ao #AAE 7] 9 V'Cr WS o] 83 CTL assay s F
FotAth. EHAME(T)E vhf2o oAt T4} FLd MEFA
B16F10 AIXE, SANEZRToZE v~ AJAEQA NIH3IT3 AX

FE AFEE o effector(E) Al¥+= Z2be] nlo]ly~E Foldk v}



29 HFAMEE AL H Y. CTL assaye T3 A3, B7/IL12,
AB7/GM = AB7/IL12/GM  vlolgj =g FoJgk oA
E:T(effector cell: target cell) Bl &©°] T7ld5 GAE Sol4 244
ol T7tste S wET = A% Fig. 49 AolA = & o]
100:1 ET Hl&olA AB7/IL12, AB7/GM %+ AB7/IL12/GM 1}o]
H2E FoJs ntg2o A 16.6%, 4.9%, 1854%2] AxE Sold A
Aes BFgoer, SANETOE ALY NIH3T3 Al E50]A
ol A BHEHA Fdr. oy A= IL-129 GM-CSF

rr

ELISpot assayE Aldstol SAsvh. 2479 ofdmutolel 25 F
g whyxo HAATE Este] 25 X 100 EE 5 X 10044
anti-IFN-y A2 F¥ % 96 well plated] 53 T IFN-y= &4
e AEEY AFEES BESAY. Fig. 49 Beld 2 = %o, &

e Aol nFAEe] F7F F71ge wel IFN-yS 2uHlg = Al
TS5 YedlE 24 spotd] MEE 2719 R 25 X 10°

o

el wlFAEAA AB7/ILI29 AB7/GME Folg w29 74
2y 72y 5370 16709 spote] /Mg &y om o= PBSGO6/) &

ABT@M)S Folg w2 HY spote] /M7 A FUHEE AS
23 £ gt IL-129F GM-CSFE SAlq 2dsE=E A

B7/IL12/GM vhol®l 228 %oldt vh92 B 9ol spots] 77k 204
A=A e 2dznd FNyE et Axse dx6 32
st ole@ A%E Ed AlEAAL BulaE ool
g Folg b7k PBSE Fold nhg ol s IFN-yE #ushs
wel AEsel M= FAH9L Bw opge [L-12 9 GM-CSFE
UEoz WwHs: obuwutole so] sl BA BASE uho] e~

S AU Adfol GAE Solfor AJAEEe] FA o] AA F7t

_19_



ol
ol
3R
o
o
2
N
5o
32
i

A.
20
/f —.— )
- PBS
—&—ABT7/L12
= > B16F10
S —¢—AB7IGM
210 —@—AB7/IL12/GM
= 7
X 3
= . w —8—PBS
[5]
g —@—\B7/IL12 —
w
—&—AB7/GM
0 —@®—AB7/IL12IGM
J
5
1:10 1:30 1:100
B.
25X 10° 5X 108
o cel 25X105 | 5X10°
(i{. ‘L PBS M“r '
PR N ABTIL12GM 204 N
1
= AB7/ILA2 53 152
) L ABTIL12
S\, ABTIGM 16 67
. ‘ "'
-l | as7iem i " -
' ABTIL12IGM PBS 6 42
y -
P.C 398
N.C 2

N:not detected

Fig. 4) Induction of cancer cell specific immune response. (A) CTL
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assay was carried out to measure the tumor-specific killing effect.
B16F10 cells were labeled with 51Cr, and incubated with activated
T cells 1isolated from mice treated with Ads at 10:1, 30:1, 100:1
effector:target(E:T) ratios. (B) ELISPOT analysis of mIFN-y
secreting cells. The number of spot forming cell (SFC) was
determined using seven concentration of mouse splenocytes (25 X

10°, 5 X 10° ).

o A
9 YHEr = HH ¥ lymphocyted #+HS WH3 ZAFS LA
4 2 2% W 1 X 10° VPR FAE T ubx g uvpo]
2~ Fo F 3Y § TS HAET H CD4, CD8 FAE o] &3l =
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Folgh Foold F7tE CD4, CDS' T A¥ #+4S oz
ARow 53] IL-128 #HHste= AB7/ILI2S AB7/IL12/GM
Hlojef 25 Folg F oA F vl FUHE T AE S FAd5A
o} =g, GM-CSF #dd o3 APC 3 w®szs ##Est7] 93
DCe FAARE Uzl CD8 FAHE ol &sto] AW AN A
SHATh Al EFLQlS WA dte vpol Y 2E Fod FFoA APC o
Hol BAF oW, 53 GM-CSF Aol E749 S 2ds = AB7/GM
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CD4 pBs AB7 AB7/IL12 AB7IGM AB7/IL12/GM

i

Fig. 5) Frozen tumor sections were stained with anti-CD4 or
anti—-CD8& antibody. Immunohistochemical analysis of these sections
demonstrated significantly enhanced infiltration of CD4' and CDS8'
T cells in tumor tissue of AB7/IL12, AB7/GM and A
B7/IL12/GM-treated group. CD86 stained cells in PBS-, AB7-, A
B7/IL12-, AB7/GM- and AB7/IL12/GM-treated tumors. A
significant increase in the numbers of CD86 stained cells with

dendritic morphology infiltration into the AB7/GM- and A
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B7/IL12/GM-treated tumors was observed as compared to the
PBS-, AB7- treated tumor.

5. IL-12% GM-CSFE wd sl ofdmnlo] g 2o 9

o a3 A=

= O
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ol
S

o

IL-12 == GM-CSFE Zdst= T4 g4 43 obdwnt
ol#] =9l AB7/IL12, AB7/GM, AB7/IL12/GM o} =nfo] e~ 1%
A WE: wpolgl =9 AB7el o3 FFY AHE vu HFsr] A
A BI6F10 5 X 10° A ¥ S C57BL/6 w29 Fslo] FAra &
HAE Fde 27 wpoly2E 1 X 107 VP EE 5 X 107 VPR
TE Hellz FARE & FYo A v dRESAY. FE A7)
7b °F 100 mi A= H QS W AB7/ILI2% AB7/ILI2/GM wHpole] 2~
5X 10° VP &, AB7¥ AB7/GM wrelgl2E 1 X 10" VPE 5
5 ¢ W AW FAR F TP AFL BRAAI(Fig. 6). 2
A3, PBS® AB7 vol#2E Rold FFANE FFol FH
A gste]l PBSO A9 139 ARols T4 A7|7F 767289 + 1018
w7k SR ew, AB7TE Fol@ npeze] A9 139 AElE 991.00
£ 27478 miE F%9 Aol PBS 1gol ulsl thi oAw AFe
Bgort 209 ol Fdl= FFol FAA APt B, Aol E}
S WHFE FTY MeEd A4 ofd xnfole 2~ AB7/ILI2, A
B7/GME Fo3 ZFolAs= diolels Fof § 20
7b 247} 8598 + 5872 mif, 1144.01 + 130.18 m=H FFe] 4o 7
AdAE e, 53 ABVILI2/GM utelel~E5 Fo3 A 15

d Aol Tl gds] 2dHs Hold FFF EdE UEhU
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Fig. 6) Antitumor effect in vivo. C57BL/6 mice bearing tumors
established by subcutaneous injection of 5 X 10° cells were treated
with 5 times intratumoral injection of Ads (AB7 and AB7/GM : 1
X 10" VP/time, AB7/IL12 and AB7/IL12/GM: 5 X 10" VP/time).
Tumor growth was monitored on a 2- to 3 -day interval until

the end of the study.

6. vk @ A F Y 2F mE £Y 2 W s

7

m)\

A DCE iz 3 HgwsS =As 2 Ay DCol o)
memory T Axe Aol Frteva Buyd v v, wabA T

FHo GM-CSFE 124 A7 4 FHO® DC/F ole 2 A=

- 24 -



232 FYstel 14 %ol 948 F el Aol=7k 100 mivh ¥
H1X1

0 VP mpole] 25 o5 AR F 43 F¥o] Foleg
A

9. v AU vole s Fol 8 ¥ vlgse] E% HR 4w

AB7/GM ulo]l¥ ~E Eo]d uforxo] AL
A AAsrA o 23 FoF wa Foko] ubal
v AB7/IL12E Fo93F nfg 29 AL 1zx UL SAWETo

PBSol wle] FFo] Aol AN ey Al Fdol AFsAs #

gt 2a T A= Aol dAEHL dee #BESAH A
B7/IL12 ufo]¥] =9 AB7/IL12/GM ®iold{ &5 Fo
TEH 2 T ARIAE Alas) B9 Fig. 79 CoAM = 5 9
ol F ombolY 2 B 12k T4 Aol 2569 Aol 600.02 + 5025
mf, 389 + 31.1 mr &= AB7/IL12/GM #folH =& Fofg mpg-29f ]
A Al AeA AAHJS B oyt 304 A 24 Y 4
e Hlas] B 515.03 + 6.06 mr, 83.7 + 50.86 mro. 2 GM-CSF&
Wasts AB7/IL12/GM whol2l =& Foldh mpbg-2o A 234 FF T

@ FEF DT Holde BARY

ol
h=)
o
[
Lo
[S—y
_>|,1_:‘

oL

_25_



mm

tumorcell tumorsueir T 1\ secondary Observation
injection 100mm3 X101y tumorcell
(primary tumor) P injection

Z 47| injection

AB7
B.
secondary AB7/GM
tumor
primary
tumor/
virus injection
AB7/IL12
AB7/IL12/GM

_26_



| Growth of primary tumor Growth of secondary tumor
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(" —O— PBS N\ (——287
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10000 | —4— AB7/IL12 1000\ —p—AB7AL12GM

—O— AB7IL12IGM

8000 \ / T

6000 o) T/' [ 600
4000 ] ﬁ 400

2000 200

800

Tumor velume {n)
Tumor velume ()

1 7 12 20 25 day

Fig. 7) AB7/IL12/GM induced potent antitumor effects against not
only the injected tumor (primary tumor) but also a non-injected
tumor (secondary tumor) distant site. (A) A two tumor model
schedule. C57BL/6 mice bearing tumors established by left
subcutaneous injection of 5 X 10° cells were treated with 4 times
intratumoral injection of Ads (1X10" VP per tumor). Secondary
tumor cells were inoculated 8 days after intratumoral
administration of Ads. (B) Observation of mice on days 13 after
secondary tumor injection. (C) Tumor volumes were assessed three
times each week. The growth of primary and secondary tumor

was significantly inhibited in treated with AB7/IL12/GM.
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Ao F7lo 9% AAAE AF3 1A memory T AlXEo FAAR
¢ % CCR7¥ CDI127 A& o] &3to] FACSE AHAAth Fig. 8
oM & = Ae AAH CCR7Y B¢ FFY¢ Zd7F #Howd A
B7/IL12¢F AB7/IL12/GM vfolel =& Fo gk mhg-2of A 16.59, 26.54
ol o CDI279 7% 2247, 6441 =4 GM-CSFE %dst=A
B7/IL12/GM n}olef 2ol 9& ZF7F¥ memory T MY TS 9l
& 31
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Fig. 8 Flow cytometric analysis of CCR7 and CD127 T cell
population. Single cell suspension of splenocytes from BI16F10
bearing C57BL/6 mice stained with CCR7 and CD127 monoclonal

antibodies, and analyzed by flow cytometry.
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Fig. 9) Change of thymus treated cytokine expressing Ads. (A)
C75BL6 mice were treated with AB7, AB7/IL12, AB7/GM and A
B7/IL12/GM into established B16F10 tumors. Mice were killed on
day 1, 4 and 13 after final viral injection. (B) A thymic harvest
schedule. C57BL/6 mice bearing tumors established by left
subcutaneous injection of 5 X 10° cells were treated with 4 times
intratumoral injection of Ads (AB7 and AB7/GM, AB7/IL12 and
AB7/IL12/GM 1X10" VP/time). Thymi were harvested on day 1,
4, and 13 following the Ads injection. (C) Thymocyte was
observed a dramatic reduction in mice treated with PBS, AB7 or A
B7/GM. Tumor tissue was collected on day 1, 4 and 13 after final
viral injection. Mean absolute thymocyte numbers += SD from

PBS- or cytokine expressing Ads- mice evaluated on day 13 after
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final viral injection.
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Fig. 10) Histological change in the thymus. H&E stained
preparations were photographed at a magnification of 100 X, 200
X. On day 13, depletion of the cortex and disappearance of the

corticomedullary junctions are observed in the involuted thymus.

_33_



TUNEL
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X400
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13 day X400

Fig. 11) TUNEL staining of apoptotic cells in thymus; methyl
green counter stained (TUNEL). Thymus treated with PBS or AB7
exhibited significant increase n apoptotic levels.
Immunohistochemical staining of PCNA protein in thymus tissue;
Hematoxylin counterstained. A significant increase was observed in

the thymus of AB7/IL12/GM- treated tumor bearing mouse.
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Abstract

Enhanced anti—tumor effect of oncolytic adenovirus expressing

IL-12 and GM-CSF

Choi Kyung Ju

Department of Medical Science
The Graduate School, Yonser University

(Directed by Professor Joo—-Hang Kim)

IL-12 exhibits important biological activities, including the
ability to enhance NK and CTL activities and to direct a
cell-mediated immune response by generating a Thl-type immune
response and inhibiting differentiation of ThZ2-type lymphocytes.
Recent reports demonstrated that IL-12 administration could
enhance the stimulatory capacity of bone marrow-derived DCs in
vitro. Granulocyte-macrophage colony stimulating factor(GM-CSF)
is the most potent stimulator of a specific and long-lasting
antitumor 1immunity and documented 1its importance for the
maturation of antigen presenting cells into stimulators of T cell
activation. On the basis of these findings, we decided to evaluate
the capacity to enhance anti tumor- effect. To increase the
potential anti-tumor activity of oncolytic adenovirus, we

constructed AB7/IL12/GM oncolytic adenoviral vector deleted E1B
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region(E1B55 kDa and E1B19 kDa) and mutated retinoblastoma(Rb)
binding sites. The expression of IL-12 and GM-CSF was
confirmed by ELISA. The therapeutic efficacy of oncolytic
adenovirus expressing IL-12 and GM-CSF was evaluated in an
immunocompetent mouse bearing murine melanoma B16F10 tumor.
The results showed significant inhibition of tumor growth treated
with saline-treated tumors. Moreover, the IL-12 and GM-CSF
expressing oncolytic adenovirus demonstrated enhanced anti-tumor
activity and a higher incidence of complete tumor regression
compared to tumors treated with the analogous vector(AB7) that
lacks the IL-12 and GM-CSF transgene. Survival was also
significantly prolonged in AB7/IL12/GM treated animals. To
establish that the abserved anti-tumor effect is associated with the
generation of tumor-specific immune response, we carried out CTL
assay. Number of cells expressing IFN-y, a cytokine secreted by
CTL was evaluated through IFN-y ELISpot assay. We observed
that AB7/IL12/GM induced higher specific killing effect than those
treated with AB7. Moreover CD4+ and CD8+ T cell population
was elevated in AB7/IL12/GM treated mice compared to AB7
treated mice. We Iinvestigated the relationship between tumor
growth and the important alteration in the size of thymus. TUNEL
assay was performed to examine apoptosis in situ, in whole
thymus tissue section. With this methodology, significant
differences in the level of apoptosis were demonstrable between the
thymi from PBS or AB7-treated mice and those from cytokine
expressing adenovirus treated tumor bearers. In conclusion, the
finding of this study demonstrate the effectiveness of augmenting

the immune response against tumors with oncolytic adenovirus
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expressing both IL-12 and GM-CSF. The AB7/IL12/GM showed
augmented and prolonged effect in suppressing tumor growth Iin
vivo. Given the results shown in this study, IL-12 and GM-CSF
gene transfer provides a potential therapeutic strategy for the

management of neoplasia.

Key Words : oncolytic virus, IL-12, GM-CSF
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