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%S #HET & ATt olojx VEGF ¢d A= Q1s g3 Uy
AXE ZF2TY A olseHEHY HTAE  proliferation  assay@f
migration assays &3dte] ¥z a, B3t T8 A9 vessel
sprouting 74 % tube formation assay®} aorta ring sprouting assay
£ Fsto] &l & 5 Al o]} f=o] obrientelg] 29 EIB
AA7F 24 E A E1A9] Rbele] Agbso] 249 x E1B7F AlA" F
oF Hedz Abak ofpr|n-nlo]#] 291 RABO E3 H-9l KHI903S 44 &t
o] A|ZHgE RAB/KHI03S ©]83Fo] H460 xenograft modelo] A o]
A W FEF 2E gl oo, 3 W AE B4 2
ZkQ1 CD31 & A% gQls Fsto] KHI039 T4 =4 W A4 &

A¥H o2 VEGF 5o]4 decoy receptord] KHI03S Hdste= &
[mrbol e A= mpolef s ApAo] YAE SolH

A Y e FEE BN olyel E1A w3} KHI039] 2do=
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I. A&
7159 dHoRRYH ey dyto] FAHE A 9 84S A
WA 2dE = dde] Aoz M7 (extracellular matrix) ¥}
7] A ®(basement membrane)®] L3l E 3l AlZtE T A 3 Uy
MEe BY, H3 =9 7]&(stroma) 29 &, 181 NE2E 7T
A B UEYIR A 2AEE T SdET. AAER FAHE
M= ofe] TR AEAAAEe] ey o5 T FHWIAE A
ZFel 2} (vascular endothelial growth factor, VEGF), £3] VEGF-A”}
F2 Fdojgro] s At Alternative splicings £3] AW E 757
9] Q1A VEGF-A isoform(VEGF121, VEGF145, VEGF148, VEGF165,
VEGF183, VEGF189, VEGF206)&< Zt7} 121, 145, 148, 165, 183,
189 18]aL 206709] ofm|=Ato g FAEo] glom o] & VEGF121
o] A7 Ge BE isoformEo] FfE ] AT VEGFe} VEGF 4
K

SAlo] Agtor dAUIAMES] Alx AL AA], HZ A I 3
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A, W\ oA, vascular permeability, 181l ZER AL A=

(hematopoietic stem cell survival) S°] Zd@}H7,
1P o] gl AElolA 2~3mm o]ske] A7|7HA] A
UARE 1 o]} s HsiE Atanet dERY Fus Hd
VEGFel| ola vi7js]= A48 dv Jgdo] Aot A3 x4
ANA d¥ UMEYIE FEAASE AR A3 vjES T3 &
Al REre 18 dHEY YHlE Ad ATH 7=
ATH. 18y TGl A Holi= @A 3 v o3 FExpyo] F
7he o] QlaL, =& WeHs A ddow, dyte] AA A= T HIABA
Aoz waxo] Qvh. FHH FEA A4 d9 F4 H LA
e FHe FERHF AT w2 pHell o e H
VEGF$} o]¢] &9l VEGFR29] Ao AYAE= AEW 2
SOl o8 A,

o

rr

VEGFell 9]t A4 d 42 FFo st ofyzt &3
dololm= T8 A4S Aok Ak, 915k A, sk dad,
aelal Akt 2 tgFe TN VEGEZE FEd ol 9ol
A AL, VEGES] wde] & ddas dFE A4 Gao] Bl

ol

Lo
o = A\ =i M
ko

E K

lo

ATH! Foko] zAghu=d Qo] A4 R HAEE T FF
S7hs EFAely] wite] TF W 3 AY JA= o AR
¥ Ao] ¥al 9131, angiostatin, endostatin, thrombospondin—-1 L
uPA-fragment so] @A 24 & A dAA=Z o] &5
VEGF9] €45 AAstAY VEGFS A &A1 VEGFR-1(Flt-1)
T VEGFR-2(KDR)9] 715& Aoz T4 AFS AsHA
U dolE dAss At s Fasa JopF0 Al Zugiel o}
Yl AEZeo| i VEGFS AlE F8A9e 23S Aad 5= 9
%3134 2 VEGFR-1 & VEGFR-2 50]% $3}3H4
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2o HA ¥ human tumor xenograftsoll #g]lgt 2, AN A=E
AEALE FEstal T4 A4S dASA AT

VEGF trap2 M x| 9l VEGFR1¥ VEGFR29] Z=w|QlS 2
Fol #A|2Fek =84 decoy VEGF receptor24 VEGF®} =2 3}
7FA 3 Qhek. #A7HA] VEGF trapell #3F 22 A7F 18gsx
glom 19| we} VEGF-A, VEGF-B, 1#]31 placental growth
factor(PGE)el W3t F8}2le] o F7hel VEGE trapgeo] Al2hs e,
o8] tumor xenograft modelEolA ZaE A A4 Ao VEGF
trap®] FEF EH7F HFHA oW VEGE trap = A 42
= AgAs de vs FEAow ol fH = FtAlete] W
& FF AT AA 292 B 5 AAG” VEGE trape] VEGF
d ZF AR bevacizumab °]y VEGFR2 Al DC101e] H]3|
A FFF EHE Hole olff= BE VEGF isoformE#e] #&
28R Wtk olye}t VEGF subfamily 5 PGFete] Ae® 7HAa gl
7] wEol vk, weba] VEGFSF zl8t= ] ¢k VEGF traps &4l
A A EH o2 BHAA FoH T EHEE= VEGEY Ha S
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=2 pRb #& Az 7|doe] i &4 7] wliEel, pRbebe
Agtsol ~dd oldlmulolg]n: AA AlEolAE pRbe FA o=
oftlimrtol el o] JA7F oAl HARE pRbe] 7]wo] AAH T Al
ZoA = EdstA HEAE o HAEE deHom At ¢ Q. o
2g g shell, 2 Ao % 5ol A ofuintel g 9
HAE EolH HATS FTHAZI7] 8t ofdlimulole] 2~ EIA
AR F-9] 5 pRbe] Aol Fofsti= CR1I H-919 Glu ofv| =it
< GlyZ AZA7]2 CR2 H421¢ 770 o x=4HDLTCHEA)S
Gly(GGGGGGG) .= A $hA17] 0. 24 pRbe}te] ZAtso] Ay il

Alell p53 wrlAe] 758 A Ast= EIB 55kDadt Al EILAL A 7]
& 3¢ EIB 19kDa +3%& AAFS=ZH, pb3 o] B&Adstd F

FAEEAMT AeH 02 Bz} 7bssta olo] npE QAL Hol A
AL A 2 AZIAE A 0T S dE AAE B Ag 2

e
& obtlnto]l g =91 Ad-AB7S Alztaete], e AA W - 9 FF
F EHE B up Yo
olgl gt w7 slholl, & Ao A= VEGFe Soldo=w Adste
44 decoy VEGF receptor®l VEGF trap-KH903 F+4A=
Hoz A e obliwwiole)sel fRIste] Hholejze] Bl

o
b R |
w2 oA E Eolz AA 7yl gEo] VEGF traps OHAFE

oz 470 1 A AAFoEM A4 de F4 oAl g9 Fe
98 A FEDS W FANA FEF DIt PYIEAS @



I. As % OH
1. A AEF R AZE

Aol AHgE AEFEL A H AEFQ A549¢F HA60E B
+ American Type culture Collection(ATCC, Manassas, VA, USA)el
A G943k 3 Human umbilical vascular endothelial cell(HUVEC)<
AA st Attt dgdS AAHOoERRE wgtom, ofdmnlold]

| &g FdR1 E1 #917F 55 544 el WAEo] =
HEK293 A ZF(ATCCO)E ofdlmutolef Ak AlZF2 ARG
HUVEC AxE A3 BE AEFES 10%9] FHeol FH(FBS;
Gibco-BRL, Grand Island, NY, USA)¢| 323%¥l DMEM ujfefo = &t
A 100 U/mé penicillin, 100 ug/m¢ streptomycin(Gibco-BRL)S
7bste]l 5% CO, o EA stell 37C e wgF7|elA wjgFstadch,
HUVEC A¥+= 5% FBS7F x3td EGM-2MV(Lonza, Walkersville,
MC, USA) o &&Ax 100 U/ml penicillin, 100  ug/mé
streptomycin(Gibco-BRL)S 23 vjFs At wlF 5-8 Aloleo] A

IR AEs sl
2. KH903& 23l ofdxmulol2|AEe] AZ, A R H7MtE

KH903S Zdste AxF ofdlxnfelei2~E  AFslr] 13t
KH903 Z#=wv =2l pKH903(Kang Hong, Cheng du, China)E o}d)
wmrpol# 2 E1 MEWE Q] pCAl4el EcoRIC® AU § ol& A
BglllZ Zg} dojxl KH903 DNA A¥-S BamHISZ XE E3 ME
9] pSP72AE3el AtYskalth. AlZEl pSP72AE3/KHI03 HlE| &

_’7_



Xbale.2 Zre} pSP72AE3/CMV #E 2] CMV promoterg 443ttt
KHI03& W3t HA4 &5 ofdieulolel =g AlZstr] $lstd, 4
71l A #E pSP72AE3-CMV-KH903 E3 MEWE S Pyvulo & 7
gste] A& stAl7]aL, E3 FAdx7E Ad AL E1R-$lol lacZ7t A}l
o] dom ofdwmutelelx  EFYI359  TolH  knobo®E X FHE
pdE1-k35 EYHHE Spel AdFarz AHzlste] HIFsIAIZT o]
=2 A A BI5183 (obtained from S.B. Verca, University of
Fribourgh, Switzerland)olAl A & AZAA FHAA s A=
(homologous recombination)< %3] lacZ F3 %9} KH903& &
Ao g sh= HAl &5 ofdleutol#l A~ HEIQ]l pdE1-k35/KHI03
Z A#elott. VEGFE axd o=z oAAZd 4 9+ VEGF traps
HHsts TG 5olA A obdimutele =& AlFter] faiAE, A
71014 A28 pSP72AE3-CMV-KH903 E3 MEHEZE Pvuleg
gste] MFsAI7l H, Spe | AgtassE Aeste] A3 st A1 pRdB
oftiorlolel 2~ EE WE(E1AS] Rb A% 597} Wolx i, EIB 19
KDa %%t} E1B 55 KDa f327F &4 AdE ¢ 5ol4 A
ofti=nlol g 2)9t A g BIS1830AH FA FH AdAA
pRAB/KH903 F¢ Ae2 44 ofdievtole]l 2~ WEIE A 433l
de xS otd=nlole 2~ WE &S Hindll Ataiz A st
A AR FFE Rl ¥, E19 Zg=vELS Pac [ AlgEAR
Aehgh ¥ HEK293 AlXFol| Fd H3AIA olvwmuto] e 2E ALlks}
Aot HETo® AFEH Hlolgl A= El H919 fHAE] A& Hu
2 F9ol lacZ FAAE 71 dE1-k35 ¢ Al E1B 19 kDa%t
E1B 55 kDafrd#t50] 25 ZAEd RdBo|W, 74749 ofu=nfo] e~
+ HEK293 AMZFoA F2AA CsCl gradient® FHAA £F &
3t o™, limiting titration assay ¢} photospectrometer® <7}

_8_



(plaque forming unit; PFU)E AF=3}< o}
3. Western blotting

KH903% w&3st= mlelg] 2zt <Al <t AxTol a=As o
A el Al KHI03 @l do] A= o] A wjckdom Fuwo] 1}
o= AE AT Hsk] AS49MFE] AFE ofdwmujo]#
dE1-k35/KH903< 20, 50, 100 MOIZ Ztzt A &tar 48 A3 H ol
AE BjgRY AEXE E5F A3 SDS-PAGE(sodium—dodecyl

il

sulfate poly—acrylamide gel electrophoresis)E Al &ttt A 7|9 %
T gelo] = @A ES PVDF(polyvinylidene fluoride) membrane
of A7) o]&(electro-transfer) A7l % KH903¢] +% % human
IgG Fcregiong Eo]lZ o2 ox|slE 342 Ax} 34 (Cell signaling,
Danvers, MA, USA)Z AgA|FHt}. HRP(horseradish peroxidase)”}

A%H  goat anti-mouse IgG £ ol AE  WHEAIZ FH

ECL(enhanced chemiluminescence) (Pierce, Rockford, IL, USA) *'H
© 2 LAS4000S ©]-83t9d membrane AF¢] whlzul 3} ole] At
o HE FAlSta 7 g o] W Y-S E1skSIT)

il o= TI1u

4. VEGF Z¢dwst

o\
o2
=
>

=H H= VEGFE addo= dAld + 9= KHI03&
W sh= ool 2o ols] VEGFY Tdo] TaseAE AT
3t7] 9184, enzyme-linked immunosorbent assay(ELISA)E A] 83}
Atk WA VEGFe #do] ardoz AAE=AE AFs7] st
H A AZF9 A549, H460, H322, H358, H1299 & 6 well plateol] 7}

_9_



S

3 x 10° cells/well0. & #F3F 5 t}Sd ol =nlo]e
o] mult-iplicity of infection(MOD®= S A]7]aL 6 A3t
¥3hyl DMEM w2 wAlskeich. vholeiz~ 7Hd & 48 Alzkel] wlx|
= 3gsty] flste], wiAl B 24 ARF Aol FBS7F EFHEA] 52
DMEMO. = wA|stitt. 348 wix]= 800 g= A4 Felste] 45
& =98 F, °] T 150 ug& ©l&38te VEGF ELISA 45 A3}
At

-101‘“
L
N
Sy
oY)
wn
N
)

5. MTT assay

obd|:=nlol 2 o] mE KH9039] wael ot g3 Uy AxE
259 AAE g% 3tst7] <1 3H MTT
(3-(4,5-dimethylathiazol-2yl)-2,5-diphenyltetrazolium bromide, 2
mg/ml) assayE F33sF . HUVECS 2% gelatin® % coating®d
48-well plated] &3}l 24 A|ZF 3 30 MOIC] A2k A Z=3F o b
wupole s APslth. wpolg{~ A2l  d HUVEC &
EBM-2(Lonza, Walkersville, MC, USA) #lA] 2 &3 starvatione T
AT wpoll & A F 72 ARE S AFEe] BEES SAsH] 98
AE AAG & MTT €48 2 well & 150 wS 931 5% CO; 9
A Btell 37T 32 wTIolA 4 AIRE FF WA & AT S
A A, FE Aol AAE plate welldl 1
sulphoxide)E #7}staL 37CelA 10 7 vkeA171 3 DMSO® &

9 4FNL 540 mAA FYEES Sl Ax YH 4T A
2 g3

6. Endothelial cell migration assay

_10_



HUVEC® chemotactic motilityS &olx 7] 3o 6.5-mm
diameter polycarbonate filters(8—um pore size) 9]
Transwell(Corning Costar, Cambridge, MA, USA)S o]&35}]
endothelial cell migration assayS #3353t} WA, upper chamber
9] filteroll 0.1% gelatine ©]-&3] I8 33T} Gelatine] t} w2 6
AZE &QF serum-free WA oA WlgE] A starvationS T
HUVECE 1 x 10° cells® counting 3F%] upper chamber ©] ¥ i1
dE1-k359F dE1-k35/KH903 otdmutolfAs FAANFA FAT A
X WS HS lower chamber o] Y3l platex 37T oA 3 A7+ 30
ot wjA T 3 AI7F 30 ¥ & plateE AW upper chmaber?
mediagE Wbl 3 AEE methanol® 1 7 fixingsta H & E &
A2 8ke] slides AzekdTh. o]0l group@ = 200uH ] HiE-ol A
A TH Y ARRE Aol Hs T M2 olsds Atk

H

7. Tube formation assay

ofX

FollA ERlE= VEGFE adpHom A 4 3= KH903
olgk VEGFe] 24 #Aa=E g3 9] AEe tube formation 7]50]
HslE =25 Yolr 7] fJste], HUVECE ©]&3 tube formation
assayS Aldettt. WA 250 w9 growth factor-reduced
matrigel(Collabo-rative Biomedical Products, Bedford, MA, USA)E
mg] -20Cel] YoliF 24-well plateo] #LskA 58 H, 37TolA
30 &XF Z3vh. HUVECG-7 Ad wWieh) AE= 6 AR <t
serum-free EBM-2(Lonza, Walkersville, MC, USA) 8 =]ol| A u} %3}
!

o ¥H starvation A1Z1 H, trypsing AHglste] ME FE F

o
ol
32

_11_



t}. dE1-k35 T dE1-k35/KH903 o}ld|x=nlole] ~E z+zt 20 MOI
2 gsk 3 48 A7 Fo $£E53 A549, H460 AE wjas 3

HO.
starvation A 2|7} ¥ HUVEC(1.5 x 10° cells/welD A £} 412 9,
matrigel®] 5% 24-well plateo] FF3a widstiTh. UA
o E= 20 ng/me] VEGF @¥dS& o] &3l vk 5 12 A3t
A 16 A|ZF Atolo] wjkRS A A PBSE 2W AlHE % #nA

o2 tube FA-& BEI3AH

8. Ex vivo aorta ring sprouting assay

o\

FolM ZH|H= VEGFE a¥Aom AAd 4= 3= KHI03
o dt HA AAE BEsH7] §35Fe], aorta ring sprouting assays
A&ttt 2 2] E(Orient Bio, Korea, Inc.)olA F+Y3 6 552
Sprague Dawley ratCZ5E aortas #dstal, aorta THY
fibro—adipose tissueE A A3 F, 1 mm F729 ring® = SFA ko).
w2l Z7A % 48-well plateo] matrigelS 200 WX FEF5)aL
aorta ringS 7+7Fe] well 9Fe] matrigeld] Aloja & 37CoA 20 &
b 23tk 30 ¥ § matrigelo] ¥ 2.9, tube formation assay®l A A}
S AE AE vt 250 wE ZH7Fe] wellol AHElste] Wl st
e #Hnd O % aorta ringEHEH AR dAES HEsTH
UA FFOo 2= VEGE &2 (20 ng/ml)S ]ttt vl 5 A
2 JAH dAEL double-blinded manner® %A thx+S 54, &
o] PR Z& APT S 002 HFE Foste] F453omH,
7r7ro] Ald ol el 12709 aorta ringS WAFCE aorta ring

sprouting assayS 433} t}.
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9. KH903& 2d3l= TFIGF 43 otvlmnlo]g 29 AXdds

cytopathic effect(CPE) assayS <3 3ttt #H AEFE x35t3h
A FUY MIEFES 48-well plateo] zHzt B3k, 24 A
dE1-k35, dE1-k35/KH903, RdB, =+ RAB/KH903 o}d]i=nrlo]g] A2
0.1~10 MOI& ZFIA AT iz vlole] 2ot xpo]7} 713 Fx=g

A= Al wj A& AASEAL plate vEEel Holdde AEES 0.5%

o
o

crystal violet &8 A GME & BAEA T

10. BA W ¥ &3 AF

SHAEINA Y3 AF 6~8 F AL AYH F= A

sloll 1x107 789 <A #HF AEF H460S FASFA T F9ke] &%
o] ¢ 70~100 m® A= HAYES

N
8]
T
g

=
=
a
o)
=
a
o)
~
~
aw
©
O
&
o
s
=
B
o
=
o
v}

N

Zoke] 84 (m’) = 9= (m?) X &= (m) x 0.523

11. VEGF$} 233t KHI03S 2d3te $EAEE Ad ofdn}
olg A Fod wE FF 23 U AREAFA dAaY AF
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6~8 T = A H5 skl Y MEFQ] HA60E FAF
5 Zoko] 3717F ¢F 100~120 m® A% ¥ QS W, RdB, RAB/KH903
ole|:mnlol 2 EE 24 UFTCl PBSE o|E Ao = 33 £

o Felstgirh, vk olel 28 Feld ¥ 10 4 FFS A%

b
X
-

3}o] THC zinc fixative(Formalin—free) (BD Biosciences Pharmingen,
San Diego, CA, USA) &o] mAgAI7l 9 sjebal 825 Azt
A gepd B5E 4 m FAR o EdolEr e H,
xylene, 100%, 95%, 80%, 70% ethanol &<l ##|2 T7 &
A A (deparafinization) 3+ & hematoxylin¥} eosin(H & E)o.& A3}
At FFo] EHs: VEGFY Agsle] wdS #4A7]E KHI03
of ozt TF =2 W 3 FAo] A HIA=A Fstr] fsk,
g3 U9 AlE SolA Y]l CD31s Agde=r AT & e
kA2l rat anti-mouse CD31 monoclonal antibody(MEC13.3; BD
Biosciences Pharmingen)& o]&3dto] X% W dMES A3l
stepdo] AAR 4 m FAL FEF A Eeol=E 3% Hy0, &
10 #7F W-gAA ddA kst @ao] A8-8 AThA]7] AL, Protein
Block Serum free(DakoCytomation, Carpinteria, CA, USA) 2.2 30

7F H|Eo]# el dA "kSo] dojipx] @wE 3 T CD3] A=

-

|
40

ol &

2} @A 2 hybridizationA] #H Tt} Biotine] ZA¥%¥ polyclonal anti-rat
I[gG antibody(BD Biosciences Pharmingen)E o]z} A=
hybridizationA] 71 ¥ DAB(DakoCytomation, Carpinteria, CA, USA)<
o] &3to] CD319 Wd = rEataith

12. % W a9 AL
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g3 Uy Mx 5ol4 39l CD3l(platelet endothelial cell
adhesion moleculel) ¥Ado=2 FAE F& U &S 1A Auj&=
Tzeto] PR ARIE AE 5 wlES =9 100 wf Aokl A
e = dae] 5 AF stk Al Fe Egel=rRY 747 5
Aloks dEste] Ay &5 Abetal Fardks AbEete] 1 @S diR

groz Ahgsln,

N
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m. 23

1. VEGF ¢} So]|3 o2 A% KHI03 & Ld3E old=nlo]z] 29
Az 2 VEGF 2@d3 A4%

VEGF o] Eold o= ZAgslo] Fo| - #H|5t= VEGF 9 23S
AAe= VEGE trap @1 KH903 & 2dslE=  ofu|wnlo]e]~
dE1-k35/KH903 & A z+a}9) th(Fig. 1A).

A. Replication incompetent Ad

(1) dE1-k36
A E3(28592~30479)

T o [l s {5 || s ] s B

(2) dE1-k36/EH203

AEL

— v
55 ] o [088 oo  [o] 1 B

B. Replication competent Ad
(1) RﬂB vhlBlQr’oE

a 0479)
E'«HH E1a | X } m [« H

{2) RAB/EHO03
E1B19/5B

Elw“*ﬁm | IX —— ouv | EHoos |pom

C. Detection of Secreted KH903.

1 2 32 4 B <] 7

226

150 Cell lwysate

EDa

150

Culture Media
TG

EDa

" uninfected 2 dE1-k35 ZOMOI 3: dE1-k35 S50MOI
© dE1-k35 100MOI 5: dE1-k35/KH903 ZOMOI
: dE1-k35/EH203 H0MOI 7. dE1-k35/EH203 100MOI

@
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Figure 1. Constructs of the adenoviral (Ad) vectors. (A) El-deleted
replication—-incompetent Ads. dE1-k35 expresses [3-galactosidase
under the control of the cytomegalovirus(CMV) promoter,
dE1-k35/KH903 expresses KH903 in the E3 region. (B) Oncolytic Ads.
RdB contains mutated EI1A, but lacks E1B 19 and 55 kDa; RdB/KH903
expresses KH903 in the E3 region. (C) Detection of KH903 secreted from

cell to media. Ad; adenovirus ; ITR, inverted terminal repeat.

dE1-k35/KH903 o}d:=n}to]2] 2] E3 region ol 4F¢1¥ KHI03 ©]
AZZEA A DA AZAA FAPH wiA R EREHeA Fdetaat
AANZG FEAE} HHX]% 5% FAgte] KH903 o +x %
IgG 9] Fc region < detection 3= A S o] 83}9] western
blotting & R 33}t A& A} cell lysate o] 4+ KHI03 o] A&
el & g S B Fo] IHHA O culture media A= B
¢ KH903 & #&3 4 9ldth. o]& T3l KHI03 & #s A%
el A A Ee] mjiA = ErjEe] Yes As e & 5 AU (Fig.
10).

12

obd:mmfo] g 29 Z7] FHA E1A & w3l Ha] 715 o}y
wupole] ol 9)3te] VEGF ¢ #doe] gradlths wao] uwhe) =
KH903 o] ¢]3 VEGF @d Wals 71Z317] 95te], E1A 7} &2
3 lacZ AR KHI03 & EAlol Hdshs BA B% ofdevlole
2=l dE1-k35/KH903 & Al#tal3itt. dE1-k35/KHI03 & <AA <t
| £FE5(A549, H460, HCC827, H1299, H2172, H322)dl A A|7]aL

Ai ’
AEZEE WA E 3]8te] ELISA & S3to] VEGF 28 & A%
sttt 1 A, Aol O]%% BE TFY HSY AEFA

dE1-k35/KH903 o}dw=nfolei 9] 7hde] o]s] VEGF ¢ whdo]

[d I
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=] - [e) S = 2= :
AstA FaEE s g0 & AT (Fig. 2A).
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Figure 2. Quantification of VEGF level showing efficient inhibition

of VEGF expression by dE1-k35/KH903. (A) Various human lung cancer
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cell lines were infected either dE1-k35 or dE1-k35/KH903 at 20-100
MOI. VEGF concentration was measured in the culture supernatant 48
h after infection by conventional ELISA. (B) VEGF expressed in the
A549 cell lysate.

AA TG AxolA VEGF 7} dviv AAEI om FH¥=

VEGF 7} KH903 @dol 93] #asts RS HS 4

FASAL F HAEE lysis 8] AlEZo|A VEGF &Y

Figure 2B oA B nle} o] ofldlxulo]g] A~ 7+ & vjx| & o] &

3l e VEGF ELISA ¢ A#9} npab7bA 2 dE1-k35 & HAAIZ]
of B8 dE1-k35/KH903 & #AAIZ M Eol|A VEGF Z& o

gdsA #FaF As dEd 5 AT Fig. 2B).

.|_4
o
e

2. VEGF ¢} Eo|x o2 Agsl= KHI03 & HE3E ofb|mulo] 3 A4
o3 AA EH FA AT BF

WA, VEGF & 9AA7]&= KH903 ¢ @dH o= I3t VEGF 5X:9
W 3}7F HUVEC ¢ VEGF-induced proliferation o o3l <Jgk3 &<l
39 th HUVEC € matrigel-coated 48well plate o] 2 X 10* cells/well
2 seeding ¥ 30 MOI 9] dE1-k35 ¥+ dE1-k35/KH903 o}t =n}
ole] A= 7L€§f4 713 72 A7 3 MTT assay & F3slo] 4tolgl+= A
¥ AEEs SAs 1 A¥, dE1-k35/KHI03 & A7
group oA wleleAE AP etA ¥ group o HIEA AEEO]
53% #astglom A dxz2aQl dE1-k35 & #HEAIZ group ol H]

7

A= 30% A AL B = AT (Fig. 3).
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Figure 3. Inhibition of VEGF-induced proliferation of HUVECs by
dE1-k35/KH903. HUVECs were treated dE1-k35 or dE1-k35/KH903 at an MOI
of 30. After 72 h from infection, MIT assay was performed to measure
total viable cells. The results are the mean of triplicate

experiments.

VEGF #dS oA A 7] KHI903 o2 <913k VEGF %o W3l &
T T Axe] oF T uX = 43S ASE7] $18ke], HUVEC
MEE o] 83}o] migration assay & A AT A549, H460 AMEF
£ 20 MOI ¢ dE1-k35 %+ dE1-k35/KH903 ofdli-nfolej~z 7t
7} A7) 48 AIZE Hell 5 WA 2 HUVEC AXE v skt
th 1 A ol Ak A skA @2 AXE g = dE1-k35 o}

dimrloldf2s HAAANZ Ax wjgds A Agel=

=
=}
O
@D
=

chamber ¢4 lower chamber Z @& AMX7} o]F3dh HhH,
dE1-k35/KH903 otdlwnlto]ej~E ZHAAZ AXE wjkos g
d-%-olli= HUVEC Alx2=9] ool 919 F group el ¥l & HA| %
e #HEE 5 AAH(Fig. 4).

_20_



A549

T

.f
vy

H460

Ab4D H460
~ == F < (.001
140 - * P <0.06 2 pemmemssssmcecenmes
---------------- I
| 0! g0 ] MLELY.
e I I : .
E 100 % 80 - ; :
= bl I
< 80 8 60 - |
2 . |
§ B é 40 - !
= 40 £
[ §2[} ]
£ 20 -
0 .
e > o %
e il o
& > ¢ & & W
i o & & v )
& & o & W
3 W& &
&

Figure 4. Effect of dE1-k35/KH903 on HUVEC migration. Cells were
overlaid in the upper chambers of 24-well tissue culture plates
containing EBM. After incubation for 3.5 h, penetrating cells were

fixed and stained with Hematoxilyn and FEosin(H&E). (A)
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Represen—tative photographs of HUVECs migration (x40). (B) Migratory
cells are represented as the number of migrated cells per high—power
field (x200). Eight fields were counted induplicate from each sample.

Error bars represent *s.e. *x/X0.05, =#x /&X0.001.

KH903 ¢ &rdo= <13k VEGF &e] Walrl d3t 3] Mxe o

W A s vAlE 4 HFs7] fste], HUVEC Al£E ©]&

Z Atk A549, H460 AEFZ 20

MOI ¢] dE1-k35 &+ dE1-k35/KH903 oft=nlole] A~ z4zb 744

AlZ1a 48 A1ZF Hol 53 wjx 2 HUVEC A¥Z vkt

1 AEetA @S AE v == dE1-k35 ofdlent

01313:%— AN AE v NS Aed F9ols AL H5E tube 7F

P vbd dE1-k35/KH903 oldlmulold2~E TAAIZ HE vl

HS A AFele= HUVEC AEEC] 3 FAdo] & wA o}
L muae

LA =
wA o2 FolXl tube 7} FHHE e BEE 5 AN (Fig,

3lo] tube formation assay =

iih3
o
]
-
-
>,\1
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A Uninfected dE1-k35 dE1-k35/KH903
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Figure 5. Effect of dE1-k35/KH903 on HUVEC tube formation. HUVECs
were plated on matrigel-coated plates at a density of 1.5 x 10°

cells/well and then incubated with the conditioned media of dE1-k35
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or dE1-k35/KH903 infected A549, H460 at 20 MOI for 48 h. (A)
Representative photographs of tube formation (x40). (B) Quantitative
analysis of tube formation. Quantification of tube formation was
carried out by measuring the area covered by the tube network using
an Multi Gauge. Experiments were repeated three times and values are
means of triplicate measurements from one representative experiment ;

error bars represent = s.e. */X0.05, *x /X0.001.

o

-

o Fell A gele AA d¥t FAHTY AolE ex vivo FeA &
3t7] 9138te], rat ¢ aorta & ©]-&3}o] vessel sprouting assay & T
a9tk WA, dE1-k35 Hi= dE1-k35/KH903 ofdl:-mlo]ei~E 20
MOI = AHgstar 48 AlF FHell 343 A549, H460 AE wjgdS
aorta ring o A eetaL 5 A EF wFE A3, oA AgstA &
= AlE wjFAeolyt dE1-k35 & AR AS49 AE wjgd S A
3k aortaring Y= HERH o2, dE1-k35/KHI03 old|=nlo]e] A5 A
g3k A X vjFN O F jorta ring S WIS 7499 vessel sprouting
o] Ao dojupA] &e AL sHoldt 4= dJArHFig. 6). o] Hrt} A

Asst7l Yste], 48 FHES double-blinded
manner = Y4 tZ 3 (most positive)s 5%, @3] sprouting = A
t positive)= 0 o= ZS—T—E— Hoysle] HAE9 )
obFt AX Aletx] e AE ujgdolt} dEI-k35 & AR
A549, H460 AE wigFelS A3k BE aorta o4 @] &
: AR, dE1-k35/KHI03 ofd mnfe] e 2

OlN &l

Aoz HN

Fe AT (leas

F

SHA dojds &lgk

S AT AE GRS A st Ag-ol= d3vto] sprouting H
o] thx mpolg] =9l dE1-k35 o Hls| d3 FAlo] AASA <A
2E& g
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Figure 6. Inhibition of vessel sprouting by dE1-k35/KH903.
Replication-incompetent adenovirus encoding KH903 inhibits
VEGF-induced vessel sprouting ex vivo. The assay scored from 0(least

positive) to 5(most positive).

3. VEGF ¢} Eo]8 oz ZA¥stE KHI03 & ddste ¢ A=g A4
otdliuto|2 2o A 435 AT

Hdsks T4 AuA A% otbdlentol 2129l RAB/KHI03 ¢F iz
T Y *_2“4 g otlentol# =20l RdB & A AlAstsith
O F ofdnfolz] o] EX7L Aald F J=AE g
A3t7] flated, 2 TR/ & MEF E AY AEFES dEL-k
dE1-k35/KH903, RdB XEi= RdB/KH903 obd|=mlol#j A~z 7+ Ala'l
2 37

3L wpolg 2o EAo wE A¥ AH HEE CPE assay
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th 54 "dx7Ql dE1-k35 HA| &5 ofdlkmnfole]~g IHAE AlX
oA = otdientoly art HAEA] 4] wiEe Alx A g3
UEtA gFtey, Al 7k oldlufoly A5l RdB O EE
RAB/KH903 = ¥ Z-g-oll= wpolf 2~ <Fo] F7hstel] wel AlE
A G FUFESIT Aol ol &® BEE AEFA KHI03 &
g5k ofdimnlole] 291 RAB/KHI03 ¢ AEAatso] thzat ul
ol#] ¢l RdB ol Hlal] Hold ALS #A#T + AATh

ke

-

MOI'|2341234-|234

L0000 0®

= S
== .¢.<®Q A (L

MDA-MB231 AB49 Chang BJ

1. dE1-k35 2. dE1-k35/EHO03 3. RdB 4. RdB/KHO03

Figure 7. Cytopathic effects of RAB/KH903 /n vitro. Cells were
infected with dE1-k35, dE1-k35/KH903, RdB, or RdB/KH903 at the
indicated MOI. Replication—incompetent adenovirus, dE1-k35 served as
negative control. At 4-10 days after infection, cells remaining on

the plates were fixed and stained with crystal violet.

4. VEGF ¢} Eo]5 o2 Agst= KHI03 & wdste T4 AE3 A4
otdlicufolg 29 QA U FFF a7 HAF

VEGF %dg 9A3= KHI03 & Wasl= ofdmnlo]g] <9 A
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W &g 2as Adssty] flsked, Al #Hek ATl HA60 AlEE
-+ 5 T gtol] FARskaL, FHE T 4] oF 80~100
W 1X10'"%vp ¢ RdB, RAB/KH903 o}t =n}o] ¢ A5
= o] PBS ¢} 3 ol 31407 3 W F o] FoJd &
TE] e BESATH(Fig. 8). 4 WlxwQl PBS & Fof @
FE A AS, viole s Fo] & 23YA o]v] FF] &4
2170.238 + 455.1216 mi &2 FZAsA AAER o, KHI03
DHs= T4 Soly 2 obdlimulo]#{ A9l RAB/KHI03 & Fol 3t
Beoles T Aol A AFdES ATk RdB,
RAB/KH903 ofdiertolef =g o] whe AJF ] 79 1181.391 =+
985.9131 mr, 252.67 +103.8464 mi'®, KHI903 ¢ A4 d¥ &4 <

AR A% FEYG G} TF MUY B ofumrlole)se] T

AN o

| —rBS

'«’é 2000 | -=-RdB

—*=LdB,/KHO03

1 3 5 ¥ 9 11 13 18 17 19 21 23 25 27

T 1‘ 1' Days of Infection
Viral injection { 1x1070p)

Figure 8. Anti tumor effect of adenovirus expressing KH903. Tumors
were established by subcutaneous implantation of H460 1 x 107 cells

and allowed to grow to 80~120 mm’. Nude mice with established tumors
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were randomized into three treatment groups of five animals each. Each
group received intratumoral injection of adenovirus(1l x 10" vp of
adenovirus in 30 ¢ of PBS) onday 1, 3, and 5. Tumor growth monitored
everyday by measuring the short length (w) and long lenth (L) of the
tumor. Tumor volume was estimated on the basis of the following

fomula ; Tumor volume(mm®) : 0.523 X Lw’

5. VEGF @S olAlah: KHO03 & WAL FF HEH 44 ofdk
upogize] Folo] e 3¢ ) I LT B

>4
o\
o2

QA Sk AT M0 S = A B Fsje] FAF T
o] ¥/d¥ ™ RdB ¢} RAB/KHI03 ofjvll:=ulo]ld =5 PBS & &4 =
2 8l 1x 10° vp 2 o|F HHOR 3 8 FF ) FASYLh v

M
o

U Rol § ok% Ho] FFS AEste] Aw U] AE SolH FA
31 & 22 WY AAWS o pEA. 1 A3}, SHRET
PBS ol Mla) %% MeElH A4 obu|ieuole 2l RBE Held U

OJ

=
=

EN
To| A= ok U T 21% A S-S #1619 1 RAB/KHIO
_/F
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Figure 9. Histological assessment of angiogenesis in the H460 tumor
tissue treated with RdB/KH903. (A) Microvessels were stained
ant i-PECAM ant ibody (CD31). Representative CD31 stained tissues were
photographed. (B) Quantification of vessel numbers in tumor tissues.

The data are presented as mean (n = 3) * SE.
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V. %

AMAEH FALE 7]Eol EAlShE SRR RYH AEE o] FA4
He Ao wA a) HA, 7o) F4 9 249 A Fag o
g sy =3 AAEd AL xv|o T o] AAstr] 913 4
Ao, FFe] F397F AR wet FF AEY & A ET}
2] 7HA dadAAAAE Akl TF W mAdde SAAIT

% Al FaFe swskal ofe 7k A
b et TS AT AT Ao Fofste oy A
A Tl A i Wy AlE AR (VEGE)7F 49 443 A
olel FasHA wolsh= Aom deA vk VEGF = F 749
tyrosine receptor VEGFR2 (KDR)¥} Adgtsle] A2 I3 Wy Al¥EY
TES FANA e AR AEete], nAdERe FHe
s S7HA o] FH A o7 wEH o AxE 9 VdS
AA RS &olatAl sk a7 wjFe] ol S 9] 4
A= I AABJAAR!D VEGF & A7 4oty < 304
A5 FHS TE W B IS AAToEZN TFY S o
Aste= A7 aetA Ao g v AR ol du
A dAAlE T2 dd ABAR o] &H7] Hupe B AR B
o] g glom Mg Wy Fo® Q3 BAS dod F s

&

gl . B ATAAE oldd dAHL FEeux

2 W

—

(@]
[ in
L
otk

VEGF E9]%4 decoy receptor & 283+ KH903 & ZoF Aelz A
b otdwenfol ] 2o WEAIZ o BR FIA 0T VEGE & oA A7)
Ao T AEA A otdlvlol Y AE AMSIOEA FAIAQ

FFaNE FPA7 1A FeTk

KH903 & VEGFR1 ¥ VEGFR2 ¢ VEGF A% =d|¢lS AsAA
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A Z+ek VEGF E0]% 484 decoy receptor =A £ A|ELoA] &
Y= VEGF & a4 e s 44 + 3lu. =, VEGF ¢k VEGFR
A dzAgel AHA e defst= VEGFRLZ 9] 58 =dRls
£3l9] A KHI03 & VEGFR tilo] FSAEZo| A Eu|x=
VEGF ¢} 233} receptor-ligand Hb-g-& XA o=z 21418
g4 AL AN & JTpHE

1o

%7]ol AZ" VEGF trap < VEGF ¢ Adtste Fo H-9)el
VEGFR1 ¢ & WA Ly} VEGFR2 ¢ Al HA Ed<elo] human
IgG Fcregion o F4% dgo)tp !l 2 A Fo|r = VEGF-A ¥yl o}
Yz} VEGF-B, VEGF-C Z12]3l placenta growth factor(PIGF)¢t= Z
3 4 7] wWiitol VEGF 9ol Adse] 71E] VEGF trap ol Hlst
of 2wl 7t ¥ KHI03 & o] &33ith. KHI03 ©] VEGF-A & H]
xoto] EE T7/9 VEGF family -3k d3tss Hole 7tEe
7)) VEGF trap 7-%°l VEGF ¢ &9 243k Ajte] fAH =S
ko] 3hi= VEGFR2 o] 4 WA Ew|lo] F7}7}

o] =H¢l& KHI03 ©] 3 2} +2E5 HgH o=z olF & I/ =
oly#} dimer EHE o]F& &8S =9 9 KHI03 2 7]& VEGF
trap Rt AFE half-life & 2E o)d1E& Ad 4= A HAL . o
21k FHES 7H KHI903 o 214 d# 34 oA avs #zEsy)
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Abstract

Anti—tumor effect of oncolytic adenovirus

expressing VEGF trap

Hye won Shin

Department of Medical Science

The Graduate School, Yonser University

(Directed by Professor Chae—-Ok Yun)

Angiogenesis, the formation of new blood vessels from
pre—existing vessels, i1s tightly regulated by balancing between
inducer and suppressor of angiogenesis in normal tissues. Tumor
vessels have features that the formation of vessels are leaky and
irregular because unregulated angiogenesis is generated to supply
oxygen and nutrient for growth and invasion during tumor growth.
Therefore, VEGF which plays a pivotal role in angiogenesis can be
an attractive target for anti—cancer therapy.

VEGF Trap is a soluble VEGF decoy receptor that is comprised of
the second immunoglobulin—like domain of human VEGFR1 and the
third immunoglobulin—-like domain of human VEGFRZ linked to the

constant region (Fc) of human IgGl. KH903 has an additional
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extracellular domain 4 of VEGFR2 (KDRd4) which can increase
binding affinity with VEGF. To express this potent VEGF blockade
continuously, we used a vector based on delivery system such as
recombinant viral vectors. Replication—-incompetent adenovirus
expressing KH903, dE1-k35/KH903, induced anti-—angiogenesis
through down regulation of VEGF. It was verified using hVEGF
ELISA, HUVEC proliferation assay, migration assay, tube formation
assay and rat aorta sprouting assay. In addition, RAB-KH903 showed
enhanced anti—tumor effect in comparison to its congnate control
oncolytic adenovirus, RdB, in H460 tumor xenograft model.
Furthermore, vessel density in tumor tissue treated with RAB/KH903
was greatly reduced compared to that in tumor treated with RdB.

In conclusion, these data showed that the newly generated
adenovirus expressing KH903 could be effective cancer therapeutic
oncolytic adenovirus to exert its down-regulation of VEGF level

secreted from cancer cells.

Key Words : VEGF, VEGF trap, KH903, angiogenesis,

adenovirus
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