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A£G obvlwntol el 2ot FANAL WEAR & FF &}

TG A g, BAZLE otelentolg ~E o] &g ol oigt
FAAARE A77F HZol s AP gloer, & Azl
olgH e FAARE FE A @A}, dHdA oA, Ax F719]
Aol #ste= FHA Fol ATt

gl FHAEZE 1 AExYe] IFeAFEA APo=R
BAAF] JAE FsA drr. ol FEAEX] "y I E
SES7] fstel o THA FEASEAR e FARAE Fo
ol ¢5a 9t} (D137(ILA/4-1BB)  ligand(4-1BBL)= 434

TASAZ % B AZ ER Sle FEASLAdd 4188 %
Hh3-5ko] T AlE(53] (D8") 59 T4 AA Idgddde yepdc,
w3t AEFE YA AME(antigene presenting cells, APCs)el
PN
T

AFAE(dendritic cells, DCs)E Tl gt HIHEZo) A
innate immunity ¢} adaptive immunity £ olojFT AZAnZ YO
AANA A THE AEE O A5E AMEASAEHA Bol FH
Wy Q). 283 interleukin-12(IL-12)= =3 FAH Y75
7FA cytokine o2 E#A Qo™ natural killer(NK) AlE<}
lymphokine-activated killer(LAK) AI¥, T A¥, HAAE F9
Axdd 7s= =952 7Isg .

B A oldxmulolg] o] EIB55kDa ¥ E1B19kDa -2 #42]
A+ 2 EIA F$99 retinoblastoma YA (pRb)Ie] AFEAE
o] A]71 Ad-AE1Bmt7(Ad-AB7) o}d|:=njo]ei~E wiZfA = IL-12, 4-
IBBL & &d A2 < e A7 73 Ad-AB7/IL12/41BBL 7} Ad-
AB7, Ad-AB7/1L12 <} Ad-AB7/41BBL ©l ®|s}e], 18]al XA FA| 2}
H3lx g7} Zbzke] Ad-AB7/IL12/41BBL @& 59 FAMNAE =
Azl Hl & T aFRE g MATE F AdeA AqRE
T s7] fste] Alg = AT

[L-12 @A 3} 4-1BBL ©] ©d& ELISA 9} Western blotting
assay = Zsglon, w9l IEk oA ZMFAA Ad-



AB7/1L12/41BBL w®}o]2] 27} Ad-AB7, Ad-AB7/41BBL, Ad-AB7/IL12
blolej 2~ Hroh Fgol AFE o dASA JATs &
3t tH(p<0.05, Ad-AB7/IL12/41BBL: Ad-AB7/IL12; p<0.01, Ad-
AB7/1L12/41BBL: Ad-AB7/41BBL and Ad-AB7). o]&3F 3}el7]A o]
& gk SolAgukge] °g ZJA AFE AT HshA
up9-2 B FAE] interferon—y (IFN-y) ELISpot +43, &% W IFN-
y &d 2 cytotoxic T lymphocyte(CTL) +4& shoith. 1 A3}, Ad-
AB7/IL12/41BBL & o] &3lo] X838 nlo2 oA T2 gl vp$xo)
Hlgtol T4 W IFN-y Zdo] dASA 7k CIL o TS50l
AE2 s F57F, 28l ELISpot 48 E38to] v FAE F9 Eo
AAANE] frogt F7HE Asiglt. % Jl Ch4', CD8', (D36,
CD1lct & WIAxo e IL-12 9 4-1BBL & Ed3l=
oldli=nlol 28 X8B3 FUo|A Ad-AB7 B X 83+ 9ol H|3}]
A4 A F7Hs A& FAsATH.

yol7bA Ad-AB7/1L12/41BBL ofdlimnfo]l ¥ 25 FA A X} s
np-20] g EMFo] Fold wl Ad-AB7/IL12/41BBL Hio]ei~ o=
A5 2Fl Hste], g3 FAGAE g5 A8 2F vt 77
gL e & Y 235 Jedddeh. B3 FF g So
AARHE AR5 FSe7] Hete] BGAES IFN-y ELISpot +4]3%
ZoF Y IFN-y 2d 2 CIL BXog 1 W3E 373 23, Ad-
AB7/1L12/41BBL wlol#fneh A GAEE WHetol AR3 vh-29
HZGol| A FF ol AdAEe F7ket % Ul Ny 2de] F71,
gl FEAE ik Sol] AdEe dAs FTUHE st
A8 F FYxHole (b4, (D8, (D86, (Dllc" 5 WIAAZ]
dEol @AsA S7rgel dEEJT. EF Ad-AB7/IL12/41BBL
blol g 29t FAGAEE HHste] A& @ lymph node & ©]& 3
FAGAE F7F FAGAELE dHoz AFET W B g
F7HE S gdEth. mhe BIGBLE HAZAFTE o8 H
AAzlo]  EEolA  Ad-AB7/IL12/41BBL  wlol#]2=9f  FAAGAI 9
WEAs A3, dHel Aozt dAs AAEe Gl
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= Ao] Ad-AB7/IL12/41BBL Hlol#H{2= =& FAAANIE
gmog g3 Aol Hae AE SHUAder § FE gt
A3 MAHE S FUT F AU



THekE IL-12 9 4-1BBL & ¥ A9F AELE, A7t
obdlimufole| 2ol HAlstd F FF 'akel JHAE FelsT
183l Ad-AB7/IL12/41BBL  wlolg 9} Fdgdom <l

2] A]
TFAAAEE 1 315} o] A58 Ad-AB7/IL12/41BBL. HE+=
FAAAELE 27 dZo 7 xFo AlLst= A Hu g FgEs
ool a3 2 ool AAaAI} FEES FelsT).

olof ZAste] AEHo= [L-12 ¥ 4-1BBL & Ed3d=
THABH A}, BATME oldlmulolHAE FAGAM e W Esh]
A ENFTS HFste WHHES AA Aol A5 S8t
Agayte] f84 55 FHT 2ot A& At
AN = . FFAEF A, EA7Fs obdlenlolH s, IL-12, 4-
IBBL, AIEAE, AR, 98, &
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TYE A9 F4 FAVs AxF
oftl| :ujo] 2| 29 FRFA E
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SEolt. AxT otvlwmntolgl e $FE FHA e

A7tE ko] Thssta A 5Y 7 Uv 5AL Z A
B9k olye}t in vivo M E FHA ALo] olsirtE A
HHEA HZ 5 d Alolol] ¢ SR st FAA A E A
ot imnfol Y 25 o] &3t WEFVE F43  FUkstal QT
SAES otHlmrto]HAE o] &3 A A ofHkmuloly A T
Az 2 =3 7o FHAESAAR Fgadts L F 2
o w&arh eeE FFEoIdTh 2L McCormick 1HS SAIE
Aardoz FAste] GAELE st THAEL 5o F
AZAd AxF oftlmntolg o] gt AFEIE AF =
I FAE FES] A3 g AAEE o Y o F F
Agd A oldlulole] ~E o] &g FUAFC] JheAde] o
ATH L At



obdlicutol g 27t AGAEo ZEstH, TEd AEe TF
AA A ps3 & A wlol#xe] FAS FAIEH
obelmufolei o] E1B55kDa  weidS ZEAEo]  pd3 M}
Agtsle] ps3 9 7lee AT dFe A "k ' AnFHo=m
QA oFAY  ofdlmufole} ~7F SR obu|mulo] ] 9]
sl JhssiAl Hol FFHoE Mz NS fEgt.
A"k EIBSSkDa  fAAYE A" Az oldlediolg vt
QAL FEEHE o]F Alxol = pb3 o HEAAE FET F
o] wpolgxo] Falo] AdAAT. T FAAAES}E e ph3 9
7150l JAH Ade GHMEEAAE Hlolg 29 FASE JA|EHA
alo]  mpolgxo] FAo] FHEtA JojuyA Hu AAHo=
TUHA TR A4S FE=3A Hrk 0. Bischoff 5 E1B55kDa
FAA7E B2 A" ONYX-015(d1 1520) ofdlimmpole] o] HEl
3t F4 a5 HuE¥N L, cisplantin I T TAAE F Al
A gdozA GAxo gt AFsS FVMIZ F AAeH, pb3 9]
A HATET adgoz dd = JASS Bausdnt S0,

otdli=nlolH 2 EIB fAAe] T ThE oAl E1B1%Da <
893 AFEaAL AAAREA Bel-2 ¢ @714E L a2 750
fAretet O 70 E1B19%Da ©id2 ojdlmulolzxol %7 wd
FAAC EIA o o8 FEEE MEIAL, FUEAZTANA ps3 o
3o FEEE AlZaA N AR Axke] Ay, WAMAE Ee
Al o8 FEHE AZAA 5 JAGT P o]E AR oln
2 g Ao A= oldwmblo] g} ~9] EIB19kDa T} E1B55kDa & FA]ol
AEANRoREAN Hp 53 & FY a%E = T 5 UeS
al

o5

E. _8]_0:]E]_ 13
obdl:zHlo] g~ EIA = nlolg]x EA4 A 7FF HA ddnE=
Gl A 2 4 wlo]g A EAo] dAeFHolry, EIA @A MEFIE

Z4d3=  retinoblastoma  ©¥ A (pRb)¥} AT} E2F-pRb
EA2HE E2F 9 &gE f=ste MY AExFr] @5
Fojsts oy wwMAEe HAE FIAAY 7 g g
TGA LA = pRb fr 7 2}ke] Hol =2 o] &} a4
NS AL A (p16ARF/pRb/E2F  5)7F &85 AXF7|7F A&
A ojzm] ¥ olo] uwpg} mlolz|xne] FAo] A&HHo Jojdr),
olof wWrale] pRb °] 7] eol AAAHA AME WA= pRb 2]



FaHE $47Fs obdlntol#| 2] 1A 7} pRb oF AR
4 AxesE S MAEFVIE JAYPHA Esa AFfRHo=
AR Egr), ol ZA3I] Fueyo o 120-127
ANEE A& A7 A2 oldxuioly A7t Rb AT}
] 8 GAZE dBdoz A4 & JSs Husdon ¥
o= EIA #7334 9712 & pRb @ ato] Agto)
R1 AgF-9 9] Glutamine & Glycine &2, (R2 2] 121~127
o}n] Glycine ©2 X381 ZAlo]  EIB19kDa ¥
EI1BS5kDa FrAAE AAAZ Ad-AB7 & A D8ttt o] ulolg e
ofAY  otdlulo]ly et fAEAY BT wE TSN EALS
Frston,  AAAFTNME  Ad-AB7  oldHlmHlo]lE 2o AE
Aol dAD] Badle TUYAEL SolAS FAsATHY.

= gt o g 5ok T AL
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HA ow, FAGAME, SAAE, A LA Fo] &

=
o [ -12% A9 Z)arSolA AAHEE NK A|EQ T
4 E

Axo g2 LIl HellerSL [L-122 @gdd & 9=
220 =% BIG-FI0 HIZ AT A7 Fol@ g A7154L Fol
AL} IL-128 BAIA FozA F FF ase FPAAL B4

o 1L-129] 54L& 43} s Weke Hadal ok,

AT dF7F 2ol HJa 9= 4-1BBY 4-1BBLE 429 WA E
o FEAFEATE. 4-1BBE type I FEH GoliEd &Il
tumor necrosis factor(INF)¢] <F&Aelty, 53] A AL AzH9
CD4* <} CD8" M FEolA Y 07 FHoME= FA3HE
NK A2 2 FAZAEL 9o ZFFox &dol Ha o™,
Azkol M= 4-1BB7F o E 9o FAAAEY, A AE?, HAA
7 ada g FYA AAdE EA EF Holxm 2y o
g, olo A& = 4-1BBLE type I
% o F dwldo] 9 X3Fa TNF superfamilyel &3t A
@ dadTFgo fAeta doem JAFA FHAANA =

4,
o
k1
fz
k1
i,
2

FANAZEL A A EET ofyE B A E
l3 o] =Z7l"EttE B a7l Qo 4-1BB9} 4-1BBLE
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TNF-INF ZHE RS9 & family2A T M X A g2 39 10
T 4-

23 2 AFZaA AN BoJErh. Lee” F& BBo] &
37 Bel-XL9 Bfl-1 5 A XA} A& A ES =714
1o Z M NF-xBE ZA3AA (D& T AEZE activation-
induced cell death(AICD)ZF-¥ HojuA sofa H 3¢,
T3 Lindstedt *'¢} Wen' S& A MNAFEe 4-1BBL =& 3}
I 7159 g F7tE ®&37] 8T T MEZE Az (D' T
Az W9dtss 7|Jedttan Rustdrt. 3 Zol= 4-1BBL7F
FAAAFE FA3 JeS FE AR BHuFHIG
. 4-1BBLE &7 CD8' T AE Z 719 D8 T AE E3},
A3 AEAFAA FLI Ve I M Cpst T Al

mo L o

F®al olyet (D4' T M FEoAE 4-1BBLY AT HAGAHEE
Adegdoz wug A7t Aded, Melero” T2 w2z 3
AE AFgste] AgzHow (D4' T AE FFS AN F
T T advr flodAe AE AFH AFdA #EIUT
T3, 7z 5 FY Foz AALES S wW 4-1BBL7L
B AXe AEE ZAToEAN A HAREE ZHd3rta
B sk,

oY g 4-1BBL= AlEZSAHE R 7|dH I ATl 1 H
Azxdz g FFHAG . Martinet” 5& HAET of
divto]ld =25 WE R AbEste] F39 7 Aol R oA
[L-129 3 4-1BB @A T 4-1BBLE wl$ 29 F oo AG
A A mpg-zol AEgo] Z4ZE 87%9F 78%° EIte A Ead
s Huddow, X’ F& IL-129 4-1BBLE WPkl A=
Alg FTE ETRE FE DT AExe FAE 7t
Buggdeh, 283 Pan °' 52 IL-129 @ 4-1BB A7 4t
dd BEAES oluxutoly~E o] &3dto] BALB/c W te
B AHolE AASAE BRE ofYyet F ol FALAE %

NK AlZe HE&S doFivta B sy rt.

Steinman¥ Chon”® o] 1973do]l H 13 FAFAEE
‘nature's adjuvant 't HA L d1 gor 1z HAFEI
H FUAAAAER resting / naive T A X o] EA3o] T Q&
3t 715 S dte Aom WA FRAAEE AES
A7l 249 FTAo A U= o= AEEHE major
histocompatibility complex molecule(MHC) 1 /I & 23 sto
2X APCe 7le & L BwE oly g (D80, CD86Z 4-1BBL
adhesion molecule(d, ICAM-1)S5 < 11xE==2 WA 7] wE



ojt}. T3, FAAFAEE (CTLY FAH3I}E E3t9 TNF-a,
[FN-y, IL-12, IL-18 & & 7}A cytokined wH3=ZF T
Wk olygl 22F cytokinedx #H|dE A= EHA 9
o, HZodE FAFAEA 23 (D4 helper T Al*(Thl
type)ol S24 2 SAFER otYg /o vivo AEE 3 A
A d= —Zr?JQ TX]/\L}""J«E CTLe] A S =Xt Ha
HAT web FRAGAELE 01%3}01

TH Fd/xA AA=E L%A]ﬁ =

% l
¢} O
52 HBANAY BHRAYER FEIGE, FFL A=
FE MeAL AnAeA A5 - e BG ol e
Welg way £%7 FEAEe] FAL 0L uW HIas
o 3

A= 7hA 1L-129 4-1BBLE £ A94 &4, 5475
obtl lmutol g 2o Ardste F FF mAE FHIT ATV
AT, & AT delA AN A4y A THES F
?‘5L7<4 o7 tﬂ?‘flvg;]_o:]’ Z'; I1L- 129,]_ 4-1BBLE HL@_—@]_% xH}_;ﬂL
TG 498 24, BANS opdwvpole 29 £ARATE
Wastel FgABol HE4PohE ofdlwnbol e 2o FF 2y
gg@ar ozt fAARSANEG AAAEARE Y Fo]
Ug AddE 3 3% 2a%E 5% F A& AR AR



Ao g9 AEFEE otdmutol# 29 El fFAAE o435
I JE QA wol AAAEF(HEK293) 9} Q1A = FF AEF(U343),
o M EF(A549), w92 IH dFolAlE¥F(Mus Dunni) Z8]al v}
-2 oM EAME A EF BI6BL6S B16-F10 5 ©]t}. BI6BL6 & 3=
AMet AEFEZPNA Fhstar 1 919 EE AEFE American
Type Culture Collection(ATCC, Rockville, MD, USA)ollA F<135}ct.
PEE AXFE= 1099 Fejo}d A (fetal bovine serum, FBS, Gibco,
Grand Island, NY, USA)E X3}3}+= Dulbecco’ s modified eagle
medium(DMEM, Gibco, Grand Island, NY, USA) ®j=A]ol| wj<Fstar,
B16BL6 AXF= 1 x 2 Minimum essential medium (MEM) vitamin
solution(Invitrogen, Carlsbad, CA, USA) o] SH-= 10%
MEM(Invitrogen) ®iF3}ATE. EE  AXEQ HiAE 2 mM L-
glutamine 100 IU/mé(Invitrogen); penicillin/ streptomycin 100 ug
/ml(Invitrogen); gentamycin sulphate(Duchefa, Haar lem,
Netherlands)E 15 pg/ml S Al H7}sle] AFESFATE. TR A X9
F3slol  wjokol  AFE3 10%  RPMI-1640 o= 50 uMe]  B-
mercaptoethanol= 3 7}é}%13  recombinant mouse interleukin-
4(rmIL-4, Endogen, Woburn, MA, USA)E 0.01 pg/ml, recombinant
mouse granulocyte and monocyte-colony stimulating factor (rmGM-
CSF, Endogen)& 0.01 pg/ml 72t H7}skQlet.

2. A

o2

1
=

AF 68 F @ AT 20 g H2le] AT C57BL/6 7 vh¢-2F
AFE3}9 T, w92+ Shizuoka Laboratory Center (Japan SLC Inc,
Tokyo, Japan)olAl FYste] Z]7FEYo]E  Ao]X|of] 3~4 vl
dol Had T2 AE(FYAEIsE,  Seoul, Korea)E

b
pathogene free room oA AFS3IgiTE. EE 54
ol ete] FEALS 2L AFAATHE FT5EAT.



3. IL-12 ¢} 4-1BBL & ©dst= THAHH HAl7bs A=
obdlmnfole & Az, A4 2 G 4t

2 fr

Ao AFEH oldHlolE A= V o typel® EIB ¢ E3 B
A7F BF A4AE3 E1A F919] Rb ©@d A3t A7 AWl H
Ad-AB7(pdl 324AE1B/E1A mt#7) .24 o)== oln] B AFiox 1 =
UAE Eold A4 EHAIS 7Eol Fld vk J.

Ad-AB7/1L12/41BBLE AZ8t7] 98ke], WA mouse 1L-12 =}
2 Bd3= Ad-AB7/ILI2E AZEAT. oS 935le] pcDNA3. 1-1RES
HE (cytokine <3, AEWNEW, AFA, )E Lokl AFar=E
Akl Y& 9 800 base pair(bp) =719 IRES FHAAE
pcDNA3.1-p35 #H (cytokine =3)2] p35 F A vI=Z HE| Ecok1 A
dagirs o] gdte] AYAIA pcDNA3.1-p35/IRES #ME] S A 2H&}9ith.
71213l pcDNA3.1-p40(cytokine =3)= Pmel 3 Xhol AFai=
Aglske] U 1007 bp Z71] pd0 FAAZS pcDNA3. 1-p35/IRES ¥
o] IRES HFZ HO] FcokV AFaALE o|&3st] AYAIA pcDNA3. 1-
[L12 WES A ZstAt. pcDNA3. 1-1L12 WEE Prel & Xaol A|8H
GaR thA] AEste] v 9F 2.5 kb A71°] 1L-12(p35/IRES/p40) &
EcoRV 7} Sal T A|gtai= A2ld pCAld H+= pCA14/E1AEIB19 ¥ E o
A A pCA14/E1AEIB19-1L12 ofdl=nlol# = E1 MEWEE A% s}
Att. AZE pCA14/EIAEIB19/IL12 MEWEIS Mel AlgtasrE A g
sto] AFSA7IAL, BstBl & A st AP sE EY WEQ Ad-AB7
I A gt BJ51830 wAlel FAE HIAA HE AXEE =
sto] E1 9o 1L-12 A7 Add % 5ol A, SA7Fs
o}d]x=nfol 2] 22 Ad-AB7/IL12E A 2stiTh.

a2 4-1BBL FAAME FE3H7] H8ke] C57BL/6 wh9-2=9] I

oA e, w3, @A AN FAJAEZERE  reverse
transcription - polymerase chain reaction(RT-PCR)& <33}

total RNA AFES 53 v cDNAS A48T 4-1BB ligandE
ZZ3 4+ 9dE primer(sence: 5-ATGGATCCACCATGGACCAGCACACACTTG-3,
anti-sence: 5 —-AGATAAGCTTTCATTCCCATGGGTTGIC-3')E A|Z3star PCRE
Fste] A5 =S BamH1 I Hindll Agtair=zZ ZepA oF 930
bp Zole] DNA EHE F53 H, pSP72/AE3/CMV-polyA A E# €] %o
ligation 3}o] I t}E pSP72/AE3/CMV(cytomegalovirus promoter)-
41BBL-poly MEWMHE A8} th. 4-1BBL FAAFe] @7A<ES &
Qlslo it A3 National Center for Biotechnology
Information(NCBI) L15435 7|A o] 53~982 H-&3 ¢+d3| sLst
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ATt o] MEYHE Iml o2 AE o Spel AFarEZ A2
Ad-AB7(pdl 324AE1B/E1A mt#7) E¥ ®¥, 223 EIB H-9o vl¢x
[L-12 A7 A9 Ad-AB7/IL12 o}d|w=nlo]#]~ EE¥E (pdl
324AE1B/E1Amt #7/CMV-1L12-polyA) ¢} Z+Z+ BJ5183 utg ol F A 73
AA e AETS FEste] B3 F-9lol w2 4-1BBL A7 A
¥ Ad-AB7/41BBLS} Ad-AB7/1L12/41BBLE A1 &8ttt A&d ZE &
g2AE=EE Pacl o2 AE o lipofectamine(Invitrogen)}
plus(Invitrogen)< AM&3lo] HEK293 A EFo] F&d =35} ct. o]
2A Z+7pe] otdlwvlolH2E T4 wlYg & F (sCl density
purificatione A|3qstal T3 & 4% sucroseES T3+ storage
buffere] A5E A thL EFHdo] -80Co d%F AZsAa”.
Hiol g &~ & Mol A7teE FF7|E o] §ste] Hiol#l X genome®| FF
Tol 93k optical density(0.D)E AF=3&}9it},

4. Oncolytic assay & &3¢t Hjo]g{ 29 EHA|9} A5 vl

[L-12 ¢} 4-1BBL frZdx}e] o F7h ofdlimnlo] g 290 HA) <}
TYAE AT omet JFS v X =R HZFE7] Hske] Ad-dl
324BstB1(Ad-AE1), Ad-AB7, Ad-AB7/IL12, Ad-AB7/41BBL, Ad-
AB7/IL12/41BBL & 5 ZF/F° Hiolgl=g o]&3ste FTYAE
Adasts wa, B4t Ao ARRE AEFELS QA
S QFM EF-U343, AA  #HY  AMEF-A549, C(C57BL/6 PR
OB MZE A EF-BI6-F10 otk SAEFELS 30500 9
confluence & 24-well plate o w3 H #Hlo]H2E 0.1~500
multiplicity of infection(MOI) H=Z AMEsto] 2z}z} ZAA|ZT}.
o] Hiolglx F ol g HiolglAT7F AlY B GUtolA GHEE
B AFEAIZD A, ZFE AE F 57 d AFANA EE WAE
AASFIL 0.5% crystal violet(in 50% methanol)® &3 HNEES

a7gsta FAsE & A5G
5. 5l TASAES] EheF vl
@ A AAE(bone marrow derived dendritic cells,

BMDCs) o] #3to} vk WA H Inaba 52 Wik oz Al
ot EFAEE 6~8 79 ® (57BL/6 PH¢-2=0 Ax3t thEZelA &
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gtz AIdTE AAS7] Ydte] EDTA-ammonium chloride &< (0.15
M NH,CI, 1 mM KHCO;, 0.1 mM EDTA)S 10 ml Yol 4ColA 5 &b =
28k 3 10% RPMI-1640 WX & 2 3] M Astgch. 28l o]E 100 m
9] cell strainero] ZA#A RNAZE AASYT. o A3 @ HITE
1 x 10° cells/mE 10% RPMI-1640(50 uM B -mercaptoethanol, 2 mM
L-glutamine, 100 IU/m¢ penicillin, 100 pg/ml streptomycin, 15 ug
/ml gentamycin)ol] HF-FA1Z1 tS rmlL-45 0.01 pg/ml, rmGM-CSFZ
0.01 pg/ml YOIFaL 6 well plated] #F3FACH. BF 3 2 U434 &
o= BfEo e MES wixE Wil rmlL-49 rmGM-CSF7F Z+z}
0.01 pg/mb S8 2143+ 10% RPMI-1640 HloFR o 7 Zro}FQitt. B
T 6 dol= Y9 T2 Wi R ZolgE= FAlol B16-F10 =2 BI6BL6
IS AT AFEoA AA, F=3 W@ F dHAS 50 pg/ml H 71

o)
F1 BF & 7 4o = lipopolysaccharide(LPS, Sigma, St. Louis, MO,
USME 1 pg/ml F7Fste] Foh. vl 3 8 dol& &7 A& &9

Q= AEE oA FHOE Bolme] 85d the U4 Rl
e won ALE d7E 4952 AR g,

6. BI6-F10 &I ZME q L FoA 9 IL-12 &= =4

Ad-AB7/1L12 9} Ad-AB7/1L12/41BBL ¢ MEZ 7Y Z [L-12 @A
o Wy AEE =HE] Y5te] enzyme-linked immunosorbent
assay(ELISA)E 2 A8}, Murine M EFo] thallA+= human o}dl=
Hlolg 20l FAA Agdago] vt Ha " uf o], fAx Ad
ags /A F71 fdl lipofectamine® plusE ©]-&3F3ATt.
B16-F10 v}~ M ZAME AEE 2 X 10" cells/well, 6 well plate
of ¥F3 ot 2 0, 25, 50, 100 5 o= MOI= ®iA ©% 28l
Ad-AB7/41BBL, Ad-AB7/1L12/41BBL w}o]&]~Z lipofectamine®} 15 &
Zr, plus9t 15 E3F Ao wgA7 g 832 10% RPMI-1640
AR 1.5 m wFo] 77+ wellol ZAAAHTH. 7d 4 A7 H
1.5 mee] WA= ZolFa A F 48 AF Ao wiAE F53}
ELISAE  AAIsEoTE.  ELISAS] A A2 mouse IL-12 ELISA
set (Endogen) 2] A Ajof mwe} Al e}l ).

7. BI6-F10 M5 AT AEFoA 9] 4-1BBL LAY 574

Hlolgl ~7F 7| A|Eo A 4-1BBLY] LS Dolr 7] YA,
lipofectamine¥ plusE H7tgk A7]9] wlolej~E= 20, 40, 80 MOI

_12_



2 27 Z9A7 1 x 10° 79 B16-F10 AlEE 20 A7+ 5 53}
phosphate buffered saline(PBS, Invitrogen)® 2 3 Al&¥3+ t}
proteinase inhibitor cocktail(Sigma)< 1x T A 3 7}3F RIPA &9
(0.15 M NaCl, 0.05 M Tris-Cl: PH 7.2, 1% Triton X-100, 0.1% SDS,
in DN & AH&3te] AMEE &aAZATE. A7]olA F dHEE F=3)
3 BCA™ protein assay kit(Pierce biotechnology, Rockford, IL,
USA)E Abg3ste]l d@midol ¢S 747 SAH3T. S43 g o
B -mercaptoethanol< 10% ¥ Al #H7}, protein loading buffer & 1

x S AME e B Bol 5 B3k Wk A7 F, A 48] @
o] 10 ¥+ F¥3) WAN T EE0] HolFrh. of Fulg wwd

HEES 10% Tris-glycine SDS-polyacrylamide gelolA A7) 95
Sk 5, 12 VoA A7 FoE 1 A3 &< PVDF membraneol| o2
S AT, 1 TS 1% BSAY} %7}% PBSE el do] £AX PVDF
membrane° A2 shakerol 4] 30 #%F blocking s+ T}, Blocking ¥
PVDF membraneg 5% &R &f7}F ﬂoﬁ PBS-T buffero] =il 33.3
ng/ml%E goat anti - mouse 4-1BB ligand HAE=(R&D systems,
Minneapolis, MN, USA) YojA] A2o|x 45 £3F binding A7 U
tween 20 ©] 0.1% S92+ PBSE 3 3] M| H8]FIL rabbit anti-goat
[gG(H+L)-HRP(Southern Biotech, Birmingham, AL, USA)E 1:30000.%
volal A2, shakerolA] 45 &3t WHSAIZATE. PBS-T=Z 3 3] AlH
t}S  western blotting luminol reagent solution “A” 9F
“B” (Santa Cruz Biotechnology, Santa Cruz, CA, USA)E 1:1%2 4]
o] 4] PVDF membranes M Fi BFol dA/dstqlct.
5. A 94 2 7 39 £ B

BI6-F10 St S ME AZE 10% RPNI-1640 A o)A ©Zo 2 )
F3te] 0.25% trypsin-EDTA(Invitrogen)E #2l3k 3 5 X 10° 7<) A
—‘—H]— 50 wf hanks' balanced salt solution(HBSS, Invitrogen)©.

FArete] b2 95 F4 B5 st FAREIT. FEAE
]*—]‘ T ok 57 A FFe] A717F 9F 60~80 mr A FE TR Hlol
Ha FolE AFSIT. iR PBSE 50 wul, Ad-AB7 B Ad-A
B7/41BBLE 1 X 10" viral particle(VP)/50 ul, Ad-AB7/IL12, Ad-A
B7/1L12/41BBL oldHlxnlold 2= 5 X 10”7 VP/50 wE lipofectamind}
plusel Z3ste] 2 Lol dHA | 3 3] T WZ FAFSA T

otdimnlol g 29f FAGHNELE YA S A5 & T¢ &
W BAFE FEAE o F -9 dAo) FFel A7I7F oF 100~120

_13_



mi 3 7gg ok vloly s FoE AIFSIATHO 9). dET PBSSF vb
o]# =% lipofectamin¥ plusol ii}é}i’\iitﬂ TAGAES A
Ao fEAIFTE. UIERTS PBSE Foddoen  DC, Ad-A
B7/1112/41BBL, Ad-AB7/1L12/41BBL + DCE Fol3 A@Fo| A= nlol
Y22 5X 107 VP/50 wE 2 Lol 3HHA 3 3] F4 WE F9(0, 2,
4 9), FAFAEE 1 X 10° cells/50 wZ HpolEjx FolE A1Z3
o5 E5EH 2 o A 3 3 T Y2 FAITH, 3, 5 4).

TSl A7le violgls FAANAHFE 1-2 dof| Y FYo
AG7E ()} ol FAEE DA bB)E 44 FHs ] a X b X
0.523(mr) o] ¥4 oz 2=3F3T}.

9. GASAF HolmHor ] FH o] AA HF

B16BL6 °}AdS-AF A3 3 ¥ AFAHo] o mdofA Q]
dojdA BFoME th2i ol ‘?é.% 3yt ct. WA B16BL6
AEZE 1.5 X 10° cells/50 utE HBSSO F--FA17 the wp9-~o] whn}
o b dlo] FAYSFITE. gl oS MEo F7]7F 2k 180~200 uuu
H9S wW(18 9) Ad-AB7/IL12/41BBL Hlo]e]~E BI6BL6 AEFAF &
18 4, 20 ¢, 22 do] 27+ 5 X 10° VP/50 A E%F W& Fodla
FAAMEE BI6BL6 MEFAF & 19 &, 21 &, 23 9o Z+z+ 1 X
10° cel s/100 WA F7F U FoAAE AAEAT. 26 Lol (R A E
Fol7h 24 & 3‘?4_%111) EZEZ FE23AHES A3 uS A, #Es)
2ATth. B16BL6 Hl FAF F 48 do npeAE AHAE gdF Al7|a S
sto] = 7o) ”%.—.-_ EAATE. He FAE SAsta #Heo] AAA
o] & AZAFE nodule & FHG7o| <A great>1 cm, 1 cm>
large>0.5 cm, 0.5 cm=medium>0.3 cm, 0.3 cm=small® Yo H4
3ol

11

l

10. vk AA BAAE F=

C57BL/6 mh-p-2=olA T EE vdS A& H vdS 7243
slar, AGFE AASH7] 8Fe] EDTA-ammonium chloride £ 94-&
(0.15 M NH,C1, 1 mM KHCO;, 0.1 mM EDTA, Sigma) 10 ml go] 4Col A
5 &7F WASEA 2000 rpmell A 10 #3F 94 EE¥E H A5 EES Al
At 10% RPMI-1640 mjA & 2 3] A|F3stTh. 9o AHH(AH] &
G AEE 100 me] cell strainero] HNA7|E Ay ol AE
Tk FAst] Aol AFESHSIT.

l
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TYHO AgHd PNy 2dA =g & FF avte] ddd)
g Ay gste] FFxH INAS FEF] 1Ny ELISAZ 5
A, mk-2o) FEA 7 B16-F10 IS AMZE W& Zhzbe] nlo)
Y22 5 X 10°VP/50 w, 2 4 tAo=7 3 3 FoJE ZUa 5 ¢
T 4 HEFoAT. zElal Ad-AB7/I1L12/41BBL ofd|:=nfo] & ~ <}
FAFAEY HPAF TFNA Blolgl 2= 5 X 107 VP/50 w, 2 4
AR 3 3 T W FAsd L FAGAEZE A HA violy &
FAE AFe b3 E5H 2 9 HF0=E 3 3 FTY U FoAE 2
AletdTh, FAGAIES] Fo3rt 23 5 4 F FTSE HE3AT).
HE3 TUS R Ao #23 d T 1 x protease inhibitor
cocktail(Sigma)o] H7}HE PBSE AFE3dte] B3k b3, 4T, 13200

rpmell Al 10 23F 94 2 A AS5AE £S5t o9ud AF%S
Algstal dAF] oA [FN-y ZdHFE ELISAZ SAH3A
t}. ELISA AR L wh-$-2 [FN-y ELISA kit (Endogen) A}-87d ™ A]
of wel Al sttt

12. FAAAIE flow cytometry 2

np-290] FFEFH FAGHAEE GAE FHEZ UE S,
purified hamster anti—-mouse CD3e monoclonal antibody, R-
phycoerythrin-conjugated hamster anti-mouse CDllc(Integrin a,
chain) monoclonal antibody, purified rat anti-mouse (D14
monoclonal antibody, purified rat anti-mouse CD19 monoclonal
antibody, purified rat anti—-mouse (D40 monoclonal antibody,
purified rat anti-mouse CD86(B7-2) monoclonal antibody,
purified rat anti-mouse CD80(B7-1) monoclonal antibody,
purified mouse anti-mouse H-2Kb/H-2Db monoclonal antibody,
purified mouse anti-mouse I-A" monoclonal antibody(Pharmingen,
San Diego, CA, USA)T+& ZZ Wol 4TolA 45 #3F wkaA F
2% PBS 2 2 3] A& 3}lal fluorescence isothiocyanate(FITC) =&
phycoerythrin(PE)7} 2% ©]x}34) (SouthernBiotech) & 3 718l
ThAl 45 &3 WEEAIZAT. olF 26 PBSE 2 3 AlFHsa 2%
paraformaldehyde(Sigma)® A3 F flow cytometry #412 24
sholth.
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13. IFN-y ELISpot assay

otdimnlo] Y 25 Fogh wppox FSAE FolF T A wj
N AdaEdsE HAFst] Hsto, bLglﬁ%*J H Al 29} WAL
Ae A SSEAEY Fsuiks Adstar [FN-y ELISpot assayE
AT, WA 12000 Gyel WARH S FAFSE B16-F10 AIEXE 3 X
10° cells/175T= UrToi dojFa 24 AIZF 37C, 5% CO, v F7] ol A
Hlofslal 24 AlZE & Zhzho] ofd|mlole] 2~ 52 Ad-AB7/IL12/41BBL
o} FAFAEZE AFF vz HFZHAELE Ede] 3 X 10
cells/175T= 37C, 5% (€0, ®i%~7]ollA  recombinant mouse
interleukin-2(rmIL-2, Endogen)”} 100 U/ml ¥ A H7}=" 10% RPMI-
1640 wiFA I} o] dojx WAL ZARE B16-F10 A9} 5 U3F &
sHlde Aldstal A HFAEE AT 24 AIgE el anti-
mouse IFN-y(Pharmingen) &2 4TolA ZY3I 96 well assay
plate(Pharmingen)E 10% RPMI-1640=%, 37ColA 2 A%t blockings}
a1 FRE FAEE 2 X 10Y, 4 X 10Y, 8 X 10°, 2 X 10°, 4 X 10°,
8 X 10° 7o A= ”4“, 96 well assay plate°l range B&E FF3t
37T, 5% CO, vlF7]ollA] 12A]7F w3l oitt. 12A]7P < plate o 9l
= AEXE HEx THRTE 9SS AXAZ F FBS7F 10% H7F &
PBS® 1 A]ZF blockingdtal washing buffer® 3 3] A &3 t}L-
biotinylated anti-IFN-y(Pharmingen) @& Y3l 2 A7 vE-gA]7] 3L
streptavidine-alkaline phosphatase (Pharmingen) %
28 9k A ek, 7] E A (Pharmingen)S Yil WHSS A EA7 the
Z4zZyol AEA IFN-y ©AS FEHlatd FU-FA v

4 .

o HO
O

[FN-y 7 82 F-97F A58 4zo] & Hoz nojAA Hed,
Hkdo] Agst o FHFE HFES A X A]7)2 ELISpot reader® 1
TFE SASYY. EE  AYEAAHL ELISpot  mouse  IFN-y

=2 v
set (Pharmingen) oA A|A|gF AFHS T2 Al P33T},
14, 2AHIAA 4
ok 6~8 F7 9] C57BL/6U} 29 9= Zo}lE M HFlo 5 X 10° 7))

9] B16-F10 A ZE FA}3+ ZoFo] 3717} ¢k 80~100 mi A FshH
Ad-AB7, Ad-AB7/41BBL, Ad- AB7/1L12, Ad-AB7/1L12/41BBL o} d] =n}o]
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22 5X 10 VPE Z+7 lipofectamin® plus €9 6: 8(ul) H|EE

IESAIA 2 dofl A 3 3 T4 UZ FAS e dlx=T2 PBS

E  FAbEgltr.  aElm DC,  Ad-AB7/IL12/41BBL 183 Ad-A

B7/1L12/41BBL + DCE Z}z X &3 Z2FolA, HlolgixaE 5 X 10°

VP/50 wE 2 o A 3 3 24 Y= FASFYE I DCE 1 X 10°
4

cells/50 ul, mpol 2 Foizkh Alo]lg 2 o FIHA 3 3] F4 U
2 FARlen dizas PBSet AR A drE FART. 7ol
A87F B¢ 5 4 H ulgzod FUdE HEFsled 2742 0.C.T.

compound(Sakura Finetec, Torrance, CA, USA)E %74 H¥H 3la 10
m PR Al Aetde] mHE Fehs Lehol= o] N
oe zARelgAs ANasdth. WA xA9 sl Fid
OCTE= 20 #3F 4C 100% acetone &Mool Yolx A|AstaL &Efo]=9f
BAE 2295 3% 1,0, SR 10 B3F vbSA1A WAA ikt a4
o] Zg2 2tA7]l 3 hovine serum albumin(BSA, Sigma)o] 4% TH-
9 PBSE AoM 1 AlZF blocking A& 3 o} AxFAQ
CD4(purified rat anti-mouse CD4 monoclonal antibody, Pharmingen),
T+ (D8(purified rat anti-mouse CD8 monoclonal antibody,
Pharmingen), CD86(purified rat anti-mouse CD86 monoclonal
antibody, Pharmingen), hamster anti-mouse CDllc(purified hamster
anti-mouse CD1lc monoclonal antibody, Pharmingen)E& 1:200.%
dilutiongt &H-& 100 ¥ ZZHrHo| "o FE7t A7sr A2
oA 2 Al7F HEEAIFTE, o] & horseradish peroxidase(HRP)7} At
¥ goat anti-rat(goat anti-rat IgG-HRP, Pharmingen) ©]x}3A&
do] Aeor 1 Al7F ¥kE A]7]a, 3,3 -diaminobenzidine(DAB,
DAKO, Carpinteria, CA, USA)E H7lslo] & HLE AAE T 70%,
90%, 100% alcohololl B3}l 100% xyleneol HAAIZl thd AW 2
gg do| #AFeqln.

15. CTL &A1

oA o] ofe] 7R obdlmutoly 2o o& 7 FF @] 7H,
TGl g AE=AE Ax, 2gal T AFE obdmuto]H 29}
TAFAE] HAARAA o= AR FHAEL Fol =4S
el =4 55 g8t fste] CIL 45 Agsglr. o 7HA
59 AME FH)= Yo IFN-y ELISpot assay 9F #T}.
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hg-2o A FRAE Eo] A T AE FHEE HASFs7] T
AgE 5 A V0r fFEIHE o] &3 HFdAN FET 4ETE
AAG AEE 1.5 x 10° cells/mo] HEZ 10% RPMI-1640 B]A =
sl g 3 rmIL-2(100 U/ml) e ®ARd o] ZARE B16-F10 AlZ &t g7
37C, 5% CO, viF7IoNA 5 Azt wiekatgich. vy F 5 del AEE
FHste] YA Eska, 10% RPMI-1640 #iA= 2 3] MH3ltt.
T AME(target cell: B16-F10 and Mus dunni cells)E °ICr =
A7) YgalidE, Cr & 200 uci F7}EFA 10% RPMI 1640 &
150 pl Qo] FBS E 50 wl Yol& ts RH3led 37T, 5% CO,
Hj k7)ol A 60 E-7F ®jokstiow | 10% FCS 7F £9] 91 RPMI-1640
HiZI 2 1000 rpm oA 3 B4 2 3] A EEste] AlHEITE. oA
=" 5 A7 FEuldst v A E(effecter cell)Q °ICr o=
EAE BEAHAEES 5:1, 15:1, 45:1(E: T)9 v &2 42 %5 round-
bottomed 96-well microplate o] 23 37C, 5% CO, B¥7]ol A 5 A7k
HjoFetdek. wiF 5 AlZF & 1000 rpm oAl 5 B3 fAAEds AL
dTBe 100 WA A y-counter & FS Aol F @ 'Cr o <]

y Aol AEE SA3I] Axo d 54 A=t 74 Age
Hj<=(triplicate)® 3l ow, Thgo JFAoRE AMEHAH 9
It o] WEFE 2HEEA

ICr Release (cytotoxicity) %= (E-S) x 100% / (M-S)

E: Experimental release count

oo 2

S: Spontaneous release count
M: Maximum incorporation count

16. Ad-AB7/IL12/41BBL A|Z3 old|imnfole] e} FXFA X

HFAE Al FALGAE olFT 4

Ad-AB7/IL12/41BBL A% obdlwrlolg) 27t FRAAA T o] 5%
of mA= @& #Es7] Hsted DCs olFs A AldstTt.
AYIFL TAGANET Tl Folgh vpg29F FAFAEZL} Ad-A
B7/IL12/41BBLE " @stol TGl Fod vhe-=, 2 7j9 aFo=

TG 6474 £3A7 2 FAZAEA EL F-9l green
fluorescence protein FAA7F AF)® Ad-AE1/EGFP EA 25 wlo]H
2E 300 MOIZ ZEAZ FAlo 50 pg/meel FdFAI 1 pg/mee]
LPSE H7lsteo 847t#] 24 8A1Zltk. C57BL/6 Ph-¢-2=9 LEFH &
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O ;2’
£ o

INAE = R o2 XN oo i 2
mﬂﬁﬁ%W$£xm£%

FF¢ 9stel BI6-F10 SMFS+S 28 ohs 100 wr
Ad-AB7/1L12/41BBL2 5 X 10g VPE 2¥ 7tA o= 33 F¢
A5 o™ | Green fluorescence protein(GFP)Z ¥7]19
TAFAE(GFP-DCs) = Hlol2l 2 Fof7F Al Ztd vg3gdF

100 749 AEE 2 9 A0z 3 3 F% Yol FoJ&ttt.

GFP-DCs Fo] F 48 ARt Aol vh¢25 AFE=AA T4
ool 9A% 02% Ade JEAL AZd 10 m
paraffin sectiong Al@svt. dHd FF3} d=d =42
ZARAG AL Aol FP7h 9HE AZTH) RE9) 7B
ST P EAREAAE gt gol AAsAL WA s
< 100% xylene, 100%, 90%, 70% <32+ = paraffine A A
1% nonidep-p40(NP40, Sigma))o.Z 10 &3+ AlE S &3|A AT},
ﬂﬂzﬂ%ﬁwliﬂ§03%mm£“ﬂﬁlo 3F WS AIA WA
Hikel Gho] FES ADAIZ F BSA7F 4% " PBSE A -20A
1 AlZF blocking 3Fth. A=F ?f}xﬂ?l mouse anti GFP monoclonal
ant ibody(Chemicon, Temecula, CA, USA)E 1:500 3]A3F &8-S 100
A ZAER o A ste] oA 2 AZF WEEAIZ] F goat anti-
mouse  horseradish  peroxidase (goat anti-mouse  IgG-HRP,
Pharmingen) ©]zFA1E 1:2002.2 3]A3te] 100 w0 ZFZ Ao %
goto] A-2olA 1 AZF v A Z T, Th DABS FH7bsto] WAAA
Tk o]F 70%, 90%, 100% ¥Z-&ol B3] 100% xylene o 3 ZAAl
75 A Fepss Qo] Bl

e, T 4
o 4t ope = = o

N

o)

o

17. $ATH £

HAANATFEL PSS EAZTZ T £ test S AP 5o
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m. 2 3

1. IL-12 ¢} 4-1BBL & ¥dst= = Agz 24, EA4
AMZ3E obdxvlole] 29 Az 2 1-12 9+ 4-1BBL =& ok4f
T+

Ad-AB7 & EIB F97} EF ZA<&EFHa E1A o 48 FdA7)
AAA Wolo] o3 pRb 9} Ajrsol AdE GAHE Sy A4
oldlx=nfol e 2olth X Ad-AB7 o}H|:-njole] 2~ WEE o] &3] [L-12
A7 EIB HYel AdE i 4-1BBL A7 E3 H9ol 494w
Ad-AB7/1L12, Ad-AB7/41BBL old:zulolei~E 747 A&l or,
Tk [L-12 9F 4-1BBL @7 B2l AA9dd Ad- AB7/IL12/41BBL
Az 3t olg|mnlo] H A S A &t th(Fig. 1). Al 2+
obdl:=nfol g 2o ©]& 4-1BBL o] wd AHEE olR7] 95}
npQ 2~ ol IEME BI6-F10 A EFO] lipofectamine ¥ plus =
AREste] AAIZIAL 20 AIZE & AEZE ?‘5 ato] 4-1BBL o 4 9
e AEE Western blotting assay = AAlste] #EsITE.
A3}, Ad-AB7/41BBL ¢} Ad-AB7/1L12/41BBL 7} a8 AFo A 28kDa,

35kDa ¥} 50kDa 9] 4-1BBL wjdo] wkgo] wujolg]xe] H7hr)
S7tstel wel &% njEAo R fﬂo}% AE #2E F AAH(Fig.
2-A). | whe2o BI6-F10 M SAF  AlEFo] A7
ot :zufol ] 25 lipofectamine = }%’8}04 AN T 48 A 7H
Zdoll ¥R E G738t ELISA & @A]ﬁkﬂ [L-12 o Zd=s #aEsh
A7} Ad-AB7/1L12/41BBL B}o]# 28 7GA71 A Lo nlo]g] 9]
A77F FThstel el 1L-12 giide] wed e &5 HjEdoR FUt
HAES AT A} IL-12 41} } YA e vhol g ~u
WA= A HEo] HAGUTH(Fig. 2-B).  ollg

ASERRE A welezo gede] s IL-12 s 4-1BBL
gudo] mp9so] obdEAE AENE WARS T T

=
AATE.
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b4
FR[elea] 20\ ] Aa s

& E3

2
[mrR[®] E1a | 2E1B \\—|E3ter | 44BBL [ E3 Right Ad AB7/41BBL

AE1B

k3
[ 8 T S N =y vy SR R -y 17 PO

AE1B

¥ & E3
[MRIw[E1a | 1wz | N\~ EsLert | 41BBL | E3 Right —|ITR|Ad.aB7/1L12/41BBL

Fig. 1. Schematic representation of Ad-5 type genomes with IL-12 and/or 4-
1BBL gene. Ad-AB7 contains mutated E1A (Rb protein binding sitej deleted
E1B19kDa, E1B55kDa and Eegion; AdAB7/IL12 expressed IL-12 (75kDa)
genes driven by the CMV promoter in the E1 regidn Anl-AB7; Ad-
AB7/41BBL expressed 4-1BBL gene driven by CMV proendh the E3 region
of Ad-AB7. Ad-AB7/IL12/41BBL is comprised of the IL-12 and 4-1BBjenes
driven by the CMV promoter in the E1 and E3 region of 87, respectively.

AIL-12: mouse interleukin-12.

A 4-1BBL: mouse 4-1BB ligand.

Fig 2-4. Fig 2-B.

7000 O 0MOI
1, B16-F10 cell only @ 26 M0I

1 2 38 45 8 7 g 6000 @ S0 NI
2, Ad-AB7/41BBL- 20 MOT E o 100 MO1
£5000
o

50kDa —» . . . 3, 4d-AB7/41BBL- 40 H0I
4-1ppL { kD » . ' 54000 L
’ « =B i

il 4, Ad-aB7/A1BEL- 80 HOT é
53000
&

® 2000
=

5, M-8/ TL12/41BL- 20 HOT
Boactin > gy gy 0 W o W OO e 0 ot

7, 4d-0B7/IL12/41BEL- 80 HOT 1000 ¢

0 Al AU
Media only hd-ABT Ad-AB7/IL12/41BBL

Fig. 2. Confirmation of IL-12 and 4-1BBL expression. (A). Western Blot
analysis for 4-1BBL expression. B16-F10 mouse melanoma cells were
infected with recombinant adenovirus, and cellsevkarvested 20 hr after
infection, and undergone western blot assay. 4-1BBitein was detected only
in the viruses inserting 4-1BBL gene in size of 38kDa, 50kDa. 4-1BBL.
protein expression was increased in proportion denaviruses titer(B).
ELISA for IL-12 expression. B16-F10 mouse melanoma cells were infected
with recombinant adenovirus, and media were haeded4B8 hr after infection
and undergone ELISA. IL-12 protein (75kDa) was hygtxpressed in the IL-
12 gene inserted viruses compared to control v{jus0.01), and IL-12
expression was proportional to MOI (0, 25, 50 a@é@ MOI) of virus.
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2. Oncolytic assay & E3F %X oldwnfolg] 29 EA <t
g% wa

[L-12¢9} 4-1BBL A wedo] ofdlivlole =9l HA9 Ads
of mAE AFLE Lolr7] 5te] oncolytic assays Al sHATE.
o] ZHo ¢+ AN EFE Ad-AE1, Ad-AB7, AdAB7/41BBL, Ad-AB7/1L12
Z8]al Ad-AB7/IL12/41BBL %5 ZHo] oldwntolyrz  7+7}
0.1~200 MOI ZAA7]12 #F AMXEE crystal violet& GAste] A
FAE ARE #EeEg. #EE, A4 gEzTEd EAES Ad-A
El oft|enfol g 22 ZAAI AEoME= AEAA @37t JebA
%okort EA7}s  ofdlmulol#] A~ Ad-AB7, AdAB7/41BBL, Ad-A
B7/1L12 W= Ad-AB7/IL12/41BBLE ZgA7 ZA-$ol= AA 3 AlEat
Fadrr vEelsts B ol FoE vpolej s kel Frtol] whet
THAEL daart SdEe AS FEsAth(Fig. 3). 53] Uzt
HGAEFA A5499] 75, ZHzbe] wfolg 2o o A EZAE HLET
Hlablom Qb H Y AEFQL U433 vhe- I F AT AL
¢l B16-F100 4 Ad-AB7/1L12, Ad-AB7/I1L12/41BBL u}o]e] o] 7+edo]
ola) ME AME AZ7F I wEA fFEHE RS BEsHT. g
il TL-129F 4-1BBL @do] @] osf ofd|mmfol2} o] HA|of
AEAd50] FAHEA gGes AT 5 AT

1 2 49 @ b 2 3 4 5 1 2
200 MOI I. -~ N 100 M0I 10 MOl
100 WOl g’%ér’j ,_/ W @ _ . 3}101:@@ =)
50 M0l .‘.OO ww @ O 1o .....
25 MOI N 3 Hol .f\: =L~ 1% D.SMOI.....
®

12 M0 .Q L HOI e@®e O U-lﬂﬂl.....
- 4
0 Mol é‘ ..‘ 0 Mol ..... 0 Mol ..’_._._.
EB16-F10 AR4Q U343

Fig. 3. Oncolytic assay of adenoviruses expressing IL-12 and/or 4-1BBL.
Recombinant oncolytic adenoviruses revealed moveefal cytolytic efficacy
than replication incompetent adenovirus (A1) in human (A549, U343) and
mouse cells (B16-F10). Replication and cytolytitiaky of adenovirus were
not lessened by the expression of IL-12 or 4-1BBhe description of lane, 1,
Ad-AEl; 2, AdAB7; 3, AdAB7/41BBL; 4, AdAB7/IL12; 5, Ad-
AB7/IL12/41BBL.

3 4 5

.
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3. IL-12¢} 4-1BBLE & st= oldwvlole] 29 & Z=oF i}

AxF obElwilold e g FF ENE DI 9

(57BL6 ©vh$-2=ol BI6-F100.2 °HdZAF< fua H Zzte] F9%4
SolH ALY obdlwrlolel g T ol FASL Fge] 47
&R A, 84 ez S Eod wisd 493
Fol WE LET JFetel 18 U ol Folt AEF vHS27k A9 g
Seh ARE A 4 1 ARHL n A 408 2 5

o] nloly A2 X8 T1E(A-AB7/IL12: 263.2 mi + 96.4; Ad-A
B7/1L12/41BBL: 56.2 mr £ 28.8)2 2 o] ¥ 97l=2 A =3 IL-
12 FdA7F AdEHA g2 violg 22 X853 thE 15 (Ad-AB7
3310.9 mr *+ 831.0; Ad-AB7/41BBL 2239.8 mr J_r 749.4) BT} A3
3 2ok 32 HYrhH(p<0.01). 23 IL-12 AR} 4-1BBL A
25 w3 sE Ad-AB7/I1L12/41BBL(56.2 mi + 28.8)% X &3 I1F2
Ad-AB7/1112(263.2 mr £+ 96.4)2 253 1o H|ste] ¢ 7/fAd
3 2% EHE BYrH(p<0.05). 1o H]SFe] Ad-AB7/41BBL(2239.8
mi £ 749.4) X B7S Ad-AB7(3310.9 wn £ 831.0) X E1Fo] H]E}
MARE & T aE HAAT BATH Fogde STt

12000 r  —4—PBS

—&—Ad-ABY
——Ad-aB7/4-1BBL
——Ad-4B7/IL12
—A—Ad-aB7/1IL12/41BBL

Tumor volume (mm3)
BB EDE

0 5
tot ot T

— \firus injection points
Fig. 4. Elicited anti-tumor effect of IL-12 and/or 4-1BBL expressing
oncolytic adenoviruses. Orthotopic mouse melanoma model was establisied b
subcutaneous injection of B16-F10 cells into riglitdominal frank of the
C57BL/6 mouse. The first injection of the viruseaswinitiated when tumaor
volume reached around 80~100 fnifihe mice were treated with PBSY, Ad-
AB7 (o) (1 X 10° VPftime), AdAB7/41BBL (o) (1 X 10°VP/time), Ad-
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AB7/IL12 (X) (5 X 10 VP/time) and AdAB7/IL12/41BBL (A) (5 X 10
VP/time). Tumor growth was monitored on one to thay interval. Data points
represent the mean + SD of the tumor size in eashpgat the indicated time
points. AdAB7/IL12 and AdAB7/IL12/41BBL treated group showed significant
anti-tumor effect compared to those of ABY and AdAB7/41BBL even two
fold high dose (p<0.01, n=8~9 mice per group). Alda-AB7/IL12/41BBL
showed the enhanced anti-tumor effect compareditaBv/IL12 (p<0.05).

4. IL-129} 4-1BBLE Zdsle= AZS ofdlmufole] s X & A

P EAT 2H v [Ny THF R

[L-12¢} 4-1BBLE Td3t= AxF ofulxvlolgl~ A5 A &<
aye] 71dol FUxA e NK AlESF CTL AlEo] 93k cytokine
o] Wglo] ogt FAJAE HFsl7] Aste] TEZ=ANY IFN-y D=
< ELISAE AAste] v, #4830k, oS MF =2 oA IFN-y
WS FEst 43, 4-1BBL ¥ A4S ofdlmnloly A2z A RS
o] (Ad-AB7/41BBL: 57.3 pg/mg =+ 10.5) WE tZI1E(Ad-AB7: 25.2
pg/mg £ 2.2)o] BIE] @AAZF [FN—y Ld F71E el = Qe
™ (p<0.01) IL-12& A3 2 T/ oldwniolgi~z X g3 &
o 5] =(Ad-AB7/IL12: 279.2 pg/mg =+ 18.3; Ad-AB7/IL12/41BBL:
366.3 pg/mg £ 7.5) IL-125 AYstA] Z& oldwHlo|Z X 83 2
E(Ad-AB7: 25.2 pg/mg * 2.2; Ad-AB7/41BBL: 57.3 pg/mg £ 10.5)
Bt} folsk IFN—y 2d F7FE &9 & 4 AATH(p<0.01). 283
INF-ye] Edze [L-129F 4-1BBL #FAAE EF AU Ad-A
B7/1L12/41BBL A %3t oldlxnlolg A28 Fod Fgx
pg/mg £ 7.5) Ad-AB7/IL12 o}d|:=nlo]#~E Fold FFz=(279.2
pg/mg £ 18.3) Hrt} fo3tA =2 L& HATH(p<0.01).

N
=2
>,
—
w
D
(@)}
wW

'?g don - OFBRS * &, (p=001) »
Tg M Ad-aB7 |
— B fd-aB7/4 1BEL B oA
= 3:":' B 1
= m ad-aRT ILLE |
£ B Ad-aB7/ 111244 1BEL
S 00 | !
3 _Fx |
=100 i i
= | :
0 1 [
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Fig. 5. Evaluation of IFN-y expression in tumor tissues after treatment of
IL-12 and/or 4-1BBL expressing oncolytic adenoviruses. Five days after
injection of PBS ), Ad-AB7 ({ll), Ad-AB7/41BBL (&), Ad-AB7/IL12 (&), or
Ad-AB7/IL12/41BBL (m]) into B16-F10 tumors established in C57BL/6 mice,
the IFNy expression was measured in tumor homogenates &g ELISA.
Tumors treated with IL-12 expressing adenoviris @®]) showed significantly
higher level of IFNy expression than tumors treated with adenovirus not
containing IL-12 (p<0.01). Furthermore, the expi@sf IFN-y significantly
increased in a group treated by adenovirus exprgdsith IL-12 and 4-1BBL.
(m]) compared to adenovirus expressing IL-12 orilfy) ((p<0.01). We also
demonstrated significantly high expressed Kitumor treated with 4-1BBL
inserted adenovirusx)) than AdAB7 vector control [l). Data points represent
mean + SD of three independent experiments.

5. IL-12¢} 4-1BBLE @& sl= Az ofdlwvlolg]l ~ X8 A
IFN-y ELISpot &4

ANz oftlufo]l Y 2E Fogt nh2oA FYHNE 5
T¥ Fxo #Ast= IFN-y cytokineS #H|le A EE9
FELISpot #A o2 ZAsth. AZxF otdvlo]Hd 2z X 53
2o A FE g BlAgAEe} WA ZAME 8 BI6-F10 MXEE 5
FTE S Adgeta FHE AEES 2 X 10Y, 4 X 10Y, 8 X 10, 2
10°, 4 X 10°, 8 X 10° 71 anti-mouse IFN-y &A= ZEH 96 well-
PVDF membrane plateol] EF3}a1 12 /\]7} Elas b= ]# ANA =
ELISpot mouse IFN-y set& AF&3Flal HAE2 AZzALY] FHIH R
k& ?‘fJé—c‘fPﬂE} Ad-AB7/I1L128 X &3k u}%ioﬂxﬂ 4 x 10" 7he] M EZ=
A8 AL spote FU7F 175.7 £ 20.32 TE A e NBEIE,
Z PBS(14.0 + 3.1)9} Ad-AB7(29.0 £ 6.2) 18] Ad-A
B7/41BBL(40.3 + 6.1)°] u]aﬂ A ZF718190H (p<0.01) E3] Ad-A
B7/1L12/41BBLE2 X 83 79+ Ad-AB7/IL12E A B3F 7Z-$of B]3)A
T Y& FIA F7FE spot(409.3 £ 17.0) FE HAFEACH
(p<0.01)(Fig. 6).
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Fig. 6. IFN-y ELISpot assay using the splenocytes of the B16-F10 bearing
mice treated with IL-12 and/or 4-1BBL expressing oncolytic adenovir uses.
Five days after injection of PBS)), Ad-AB7 ({l), Ad-AB7/41BBL &), Ad-
AB7/I1L12 (B), or Ad-AB7/IL12/41BBL (m]) into B16-F10 tumors established in
C57BL/6 mice, mice were sacrificed and their sptgmes were co-cultured with
irradiated B16-F10 cells for five days. IFNspot number were significantly
increased in IL-12 expressing adenovirus treatedms compared to its cognaite
control groups (p<0.01). Moreover, AB7/IL12/41BBL treated group showed
significantly augmented spot numbers than ABIZ/IL12 treated group
(p<0.01). Data points represent mean = SD of thm@ependent experiments.

6. IL-129} 4-1BBLE dst= A oftlxulolgf 2~ A" A
of S AE 22 ] HAME X F4
ANzF oldlertoly s X8 5 F 47 T4 HAHAE

Ast7] 9t IE @S AAg A3, Ad-AB7/41BBLE A =3190&

wj e iz obdmmlo]#] 2~ Ad-ABTE X EE 1Rl H|te] ¢

W xoko] A7t gl ¥l Ad-AB7/IL129} Ad-AB7/I1L12/41BBLE

A58 aFA Tl 7HF A FAEAS Bk ol FUZA

of YA E AY Wt T3 TR U HEH HEF AEL

o M

A} FAGAE THE AATE (D86', CDllc" FAE AH8-3)
ZAAGANH S AAgE A7 Ad-AB7/41BBLE X853 FdxzA o
X Ad-AB7E 283 Z2UdxZA HT}F O BE (49 D8 T AMEZFR
3} (D86, CD11c" METHLS A 1L-12 Fdax7F A4 H Ad-A
B7/1L12, Ad-AB7/IL12/41BBL ®loleix=9] A9, o FA F7Fd (D4,
Cp8" T AIE 3 (D86*, CD1lch AE +H& s, g

_26_



olglst MEZFF o HFo] Ad-AB7/IL12/41BBLE X 83k F %ol A
Ad-AB7/IL122 283 FFx2 B g ®o] Yyeuys A 9l
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Fig. 7. Histological assessment of tumor tissues treated with IL-12 and/or 4-
1BBL expressing oncolytic adenoviruses. Five days after third adenovirus
administration, mice were sacrificed and tumor tissues were embedded in
frozen sectior. Frozen sections were stained with an antibodynag&arious
immune cell marker Brown staining indicates positive staining. PBy @Ad-
AB7 (2), AdAB7/41BBL (3), AdAB7/IL12 (4), AdAB7/IL12/41BBL (5).
Necrotic area of AdAB7/IL12 (4) and AdAB7/IL12/41BBL (5) treated groups
were largecompared to other groups. CD4AD8, CD86 and CD11t cells
were highly infiltrated in tumors treated by A&B7/IL12 or Ad-
AB7/IL12/41BBL compared with other adenovirus trelageoups.

7. IL-129} 4-1BBLE ¥dsle= AZS ofdlmufole] s X & A
CTL &4

[L-129} 4-1BBLE 2@t A=T otdmutol2fzo] & FF
7} FF SolH AEEA (D' T AlEe BHA RS HFd7]
sto] 2 Ags st 2AAH LS ELISpot assay 2@ A}
TASHAl R getdlon THAELE BI6-F10& AMEsISlal dlx ®34
MEZE Mus dunni SSMEE AFESISITH. 29 23 1L-12 7F 4F
YE ofvlmutolzolA MEAE7Fo A% S7HE FQ e
™ (T:B=1:45, Ad-AB7/IL12 = 22.20% =+ 1.48 and Ad-AB7/IL12/41BBL
= 25.88% £ 0.94, p<0.01, versus Ad-AB7/41BBL), = % IL-129} 4-

© o
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IBBLE 2dal= Ad-AB7/IL12/41BBLOlA O & A3 A L4459
Z71E HATH(p<0.01 versus Ad-AB7/IL12 group). ¥HHol Mus dunni
Az = oleld a7t 5~7% wRte] ax+=d E3 ot
(data not shown)(Fig. 8).

30  —e—PBS
—m—1d- ABT
2 [ —e—pnd- 4 B7/41BBL

——fhd-ABY/IL1Z

20 T e nd- AB7/IL12/4 1BBL

s r
IO

Cr release (%)

HIT

—— : i .
1:5 1:15 1:45
Fig. 8. Cytotoxic activity after 1L-12 and/or 4-1BBL expressing oncolytic
adenoviruses treatment. Spleen cells derived from mice treated with PBS
(®), Ad-AB7 (m), Ad-AB7/41BBL (A), Ad-AB7/IL12 (o), or Ad-
AB7/IL12/41BBL (X), and were re-stimulated with idiation-inactivated B16-
F10 cellsfor five daysin vitro. B16-F10 and Mus dunni cells were used as
targets. Target cell (B16-F10): effector cell (edtared splenocyte) (T:E)
ratios ranged from 1:5, 1:15, 1:45. Cytotoxic atiof Ad-AB7/IL12 and Ad-
AB7/IL12/41BBL treatment groups were significantlycreased than other
groups (p<0.01). Cytotoxic activity inB7/IL12/41BBL treated group were
significantly increased than in ASB7/IL12 group (p<0.01). Data points
represent mean = SD of three independent experament
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Fig. 9. Microscopy and flow cytometry analysis of Bone marrow derived
dendritic cells. Population of CD11c (93.13%), CD3e (0.68%), CD329%),
CD14(9.42%), CD40 (62.95%), CD80 (60.88%), MHC | (38, and MHC II
(89.65%) in tote cultured cells. Similar results were also obtainedhree
independent experiments.
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Fig. 10. Elicited anti-tumor effect of Ad-AB7/IL12/41BBL and DCs
combinatorial therapy. Tumors were grown subcutaneously in the abdomen
of C57BL/6 mice and were subsequently injected Wi#s (), DCs @), Ad-
AB7/IL12/41BBL (A), or Ad-AB7/IL12/41BBL with DCs ). Virus was
injected intra-tumorally 3 times (2.5 x °N0P/time) with 2 days interval. DCs
were also injected intra-tumorally 3 times betwd#ss virus injections with 2
day interval. Tumor growth was monitored on 1 td& interval after each
treatment. AdAB7/IL12/41BBL with DCs combined treatment group sied
remarkably enhanced anti-tumor effect compared tbAB7/IL12/41BBL
alone treated group (p<0.05) and DCs alone tregrimap (p<0.01). DCs alone
treated group also showed anti-tumor effect (p<OcOinpared to PBS treated
group). (Number was 6~7 mice per group).
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Fig. 11. Anti-metastasis effect of Ad-AB7/IL12/41BBL and DCs
combinatorial therapy on melanoma metastasis. Melanoma (B16BL6) was
established in right foot pad of C57BL/6 mice. Tmant was initiated when
tumor sizes reached around 180~200%tutay 18). On days 18, 20, 22, virus
were injected intra-tumorally (5 X 1¥P/time, total 3 time), and on days 19,
21, 23, DCs were injected into intra-pleural ca\ityX 1 cells/time, total 3
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time). On day 26, the right knees of mice were €ut. day 48, mice were
sacrificed and metastatic melanoma nodules and weights were measured.
Nodule sizes were designated as greatml 1 cm>large>0.5cm, 0.5 cm
>medium>0.3cm, 0.3 cm>small. Lung weight of combination therapy with
virus and DCs group was significantly lighter thérus alone treated group
(p<0.05). In virus alone treated group and DCs alteated group, the lung
weights were significantly low compared to PBS tedagroup (p<0.01, virus
treated group versus PBS treated group; and p<DGQ5tireated group versus
PBS treated group). (Number was 6~7 mice per group)
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Fig. 12. Effect of Ad-AB7/IL12/41BBL and DCs combinatorial therapy on
IFN-y expresson. Melanoma (B16-F10) model was established in right
abdomen of C57BL/6 mice subcutaneously and treai#dPBS (), DCs (),
Ad-AB7/IL12/41BBL (m]), and combination of AdB7/IL12/41BBL and DCs
(m). Treatment were initiated when tumor volume reachround 60~80 niin
Five days after treatment, mice were sacrificed wmiors were harvested. In
the tumor of combined treated with AdB7/IL12/41BBL and DCs ), the
expression level of IFN-showed marked increase compare to virus alone
(p<0.01) or DCs alone (p<0.01) treated group, redpey. Treatment with DC
alone group also showed significantly higher leseIFN-y than that of PBS
group (p<0.01), but lesser than that of AB7/IL12/41BBL alone treated group
(p<0.01). Data represents three independent expetem
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Fig. 13. INF-y ELISpot assay in Ad-AB7/IL12/41BBL and DCs combine
treated mouse. Melanoma (B16-F10) model was established in ragfdomen
of C57BL/6 mice subcutaneously and treated with RBf DCs (1), Ad-
AB7/IL12/41BBL (m]), and combination of Ad&B7/IL12/41BBL and DCsx).
Treatment were initiated when tumor volume reachedind 60~80 mn Five
days after treatment, mice were sacrificed and tanwere harvested, and
splenocytes were co-cultured with irradiated B16-Eglls for five days. IFN-
vy spot number were significantly increased in A8l7/IL12/41BBL with DCs
combination group than that of virus alone treagamlip (p<0.01) and than that
of DCs alone treated group (p<0.01). DCs alonddtegroup were significantly
higher number of IFN-spot than that of PBS treated group (p<0.01) |drger
number than that of AdB7/IL12/41BBL alone treated group (p<0.01) Data
represents three independent experiments.
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Fig. 14. Histological assessment of Ad-AB7/IL12/41BBL and DCs treated
melanoma. Five days following third adenovirus and DCs aaistration, mice
were sacrificed and the tumor tissues were embeiddedzen sections. Frozen
sections were stained with antibodies against uarionmune cell markers.
Brown staining indicates positive staining. PBS , (IDC (2), Ad-
AB7/1L12/41BBL (3) and combination treatment with -A87/IL12/41BBL
and DC (4). Necrotic areas of the melanoma treatdd Ad-AB7/IL12/41BBL
and DC were large compared to that of other groGEst’, CD8’, CD86 and
CD11¢ cells were heavily infiltrated in tumors treatedy bAd-
AB7/1L12/41BBL with DCs compared to that of AB7/IL12/41BBL alone or
DC alone treated group. Data represents three émdiemt experiments.
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0.94, FAZAEL @5 ASTFL 22.53% + 140085 Hlou
d AELF(B4.95% £ 0.9) Hrth FHE FEAE Fo] A
o2 HAFAT(p<0.01,versus Ad-AB7/1L12/41BBL or DCs alone
reated group). WFHo| Mus dunni A|EZoA = olzldt A&7t 6%
nRto] 1x=d &5} th(data not shown).
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Fig. 15. Cytotoxic activity in Ad-AB7/IL12/41BBL and DCs combine
treated mouse. Spleen cells derived from the mice treated with P#3, DCs
(o), Ad-AB7/1L12/41BBL (X), and AdAB7/IL12/41BBL with DCs 6) were
re-stimulated with irradiation-inactivated B16-F&6lls for five daysin vitro.
Target cell (B16-F10): Effector cell (co-cultureghlenocyte) (T:E) ratios
ranged from 1:5, 1:15, 1:45. Cytotoxic activity wesignificantly increased in
Ad-AB7/1L12/41BBL and DCs combination therapy grouprthia virus alone
treated group (p<0.01) and than in DCs alone tdegteup (p<0.01). Data
points represent mean * SD of three independerrarpnts.
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718 e #EFATH(p<0.05). WHdAo] F%F W GFP-DCs 4+ GFP-DCs$}
Ad-AB7/1L12/41BBLE &3t Fo3tl& W GFP-DCsE& %%gi =
o3 7 Bt 9 HAus As duAdez #FTE & Stk (Fig.
16). A7A o= Ad-AB7/IL12/41BBL H}ole]~%} GFP-DCsE W 33}o]
Agd W GFP-DCso] d=Zd W=zl o]Fso] He FAsATE A

& g AT, o] AR A7 AR & 3 w9 whg29f oy
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Fig. 16. DCs migration activity in Ad-AB7/IL12/41BBL and DCs combine
treated mouse. Melanoma (B16-F10) model was established in rigittomen
of C57BL/6 mice subcutaneously. AB7/IL12/41BBL and GFP - DCs were
injected three times at intervals of two days,atmorally. Two days after final
injection, the tumor tissues and the draining lynmgldes (lymph nodes of the
groin region in the right rank of mice) were embedldn paraffin sections.
Tissue sections were stained with GFP antibody.eBwent Groups were
divided into two groups that of the GFP - DCs aldneatment and Ad-
AB7/IL12/41BBL with GFP - DCs combination treatme@P - DCs number
were augmented in the LNs of AdB7/IL12/41BBL with GFP - DCs
combination treatment (94.7 £ 11.9) compared td tfiahe GFP - DCs alone
treatment (67.3 + 11.7) (p<0.05). Data represdmeetindependent experiments.
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Abstracts
Antitumor Effect of Oncolytic Adenovirus Expressitig12 and 4-1BBL
in Combination with Dendritic Cell Therapy

Jing-Hua Huang

Department of Medical Science
The Graduate School, Yonsei University

(Directed by professor Joo-Hang Kim)

Oncolytic adenoviral vectors are currently beingedeped as biological
anti-tumor therapeutic agents. A clear benefit efcalytic adenovirus is
amplification of the therapeutic gene expressi@ntha& replicating vector could
infect and deliver the therapeutic gene to adjacetis as well as the first
infected cells.

Intereukin-12(IL-12) is a cytokine known to enharige cytolytic activity of
natural killer cells (NK cells), lymphokine-actiat killer cells (LAK cells), T
cells, and macrophages. However, most of tumos tatk the expression of co-
stimulatory molecules on their surface, resultingescape of recognition by
immune system. CD137 ligand (4-1BBL) is a co-stiatoty molecule expressed
on the surface of activated T cells. Interactiod-dfBBL with its own receptor,
CD137 (4-1BB) has shown amplification of T-cell gesially CD8)-mediated
anti-tumor immunity. It is already known that DO® @he most potent antigen
presenting cells and thus considered as a favotgpke of therapeutic cell in
cancer immunotherapy.

In this study, to increase the potential anti-tunamtivity of oncolytic
adenovirus, we constructed E1B deleted, and rdastima (Rb) protein
binding site of E1A region mutated oncolytic adenalvvector expressing
murine IL-12 and murine 4-1BBL, AdB7/IL12/41BBL. The anti-tumor
efficacy of AdAB7/IL12/41BBL was evaluated in B16-F10 melanomaringga
immune-competent mice. Significant inhibition ofrtor growth was shown in
Ad-AB7/1L12/41BBL treated group compared to PBS, A8, Ad-AB7/41BBL,
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or Ad-AB7/IL12 treated groups. We demonstrated that thietamor effect is
associated with the tumor-specific immune respomge;first quantified the
expression level of interferons (IFN-y) in tumor tissues and examined the
cytolytic activity of splenocytes using cytotoxiclymphocyte (CTL) assay and
IFN-y ELISpot assay. Furthermore, the infiltrations @42 CD8, CD86, CD11c
immune cells in tumors were confirmed with immurstbchemistry.

Moreover, we also demonstrated the enhanced amtirtiefficacy of Ad-
AB7/IL12/41BBL and dendritic cells (DCs) combinatdritherapy showing a
higher incidence of tumor regression compared tollai2 and 4-1BBL
expressing oncolytic adenovirus alone treated (%)0or DCs alone treated
(p<0.01), respectively. Furthermore, we verifiamst) anti-metastatic potency of
Ad-AB7/IL12/41BBL and DCs combination therapy in spoetaus lung
metastatic B16BL6 melanoma model. In order to pitbwe the anti-tumor effects
is associated with the tumor-specific immune resporwe quantified the
expression level of IFN-in tumor tissues and examined the cytolytic atytioi
splenocytes using CTL assay and W-EELISpot assay. Furthermore, confirmed
the infiltrations of CD4, CD8, CD86, CD11lc immunells in tumor through
immunohistochemistry. In addition, the number ofgrated Green fluorescent
protein labeled DCs(GFP-DCs) were augmented inlyhgh nodes of Ad-
AB7/IL12/41BBL with GFP - DCs combination treatmenmpared to that of the
GFP - DCs alone treatment (p<0.05). We validatat Ald-AB7/1L12/41BBL and
DCs combinatorial therapy induced significantly Hég T cell-mediated anti-
tumor activity than AdAB7/IL12/41BBL alone and DCs alone treatment.

Taken together, these improved the anti-tumor &ffexbtained by Ad-
AB7/IL12/41BBL oncolytic adenovirus. Subsequent we also demorstithiat
Ad-AB7/1L12/41BBL and DCs combination treatment showesinarkably
enhanced anti-tumor effects as well as the antastatic effects compared to
Ad-AB7/IL12/41BBL alone treatment and DCs alone treatme

To conclude, we were considered as new strateggliimcal anti-cancer
therapy using oncolytic adenovirus, expressing 2Lahd 4-1BBL, and the DCs
combination therapy.

Key Words: oncolytic adenovirus, IL-12, 4-1BBL, diitic cell, cancer, cell
therapy, gene therapy, immunotherapy.
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