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Figurel. Schematic representations of the adenoviral
vectors used in this study -+ + - - - -+« - 15
Figure2. The expression of VEGF-A by U343 and
US7MG infected with Ad-AE1GFP-kox - - - 16
Figure 3. The expression of VEGF-A infected with Ad-
AEIGFP-p65+ + + = = + « « « « v« « « . 18
Figure 4. Replication incompetent adenovirus encoding
F435-kox or F435-p65 inhibits or promotes
VEGF-induced tube formation of HUVEC -

19

Figure 5. Replication incompetent adenovirus encoding
F435-kox inhibits VEGF-induced vessel
sprouting ex vivo =+ + ¢+ o+ o+ o+ o+ o oo . o D]
Figure 6. Replication incompetent adenovirus encoding
F435-p65 promotes VEGF-induced vessel
sprouting ex vivo =+ + + + ¢ o+ s e e e e o . DD
Figure 7. Cytopathic effects of Ad-AB7-kox in vitro
24

Figure 8. Anti-tumor effects and survival rate of
adenoviruses expressing F435-kox - - - - -+ 26
Figure 9. Histological assessment of angiogenesis in the

tumor tissue treated with Ad-AB7-kox - -+ - 28
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VEGF-A promoter @43} 24 A
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Senger A FElo] 93 vascular permeability factor(VPE)7} 1983
dol| Hx=2 w7z’ 1989 o] vascular endothelial growth
factor(VEGF)9] 7]5o] #H =AUt 2 & VPES VEGF7l 2 =
Aolgt= Zlo] Wl TF A dH FAolY AFAYU 9T o
wol VEGFel thg @2 dr50] o]Fo|#7] A#sdth. VEGF-A
A EH gAe Fo fxE EHZ VEGF-AY ¢ alleleo] &
Hoote AduA ddo] Ao r A7) ufo] oy wujo}
Bol A FHgol o2}’ o] 2R E VEGF-A°l wdo] o}F Aus}
A Z2HE o dohE S ¢ & Atk Human VEGF-Aol+ A=
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Eol o] gl 0. webA zinc fingers AF AAF AAE W
=g 9ol wj$ F8F platforme ATIY = |
el zinc fingerE A A AN EAstE AAF FA3F =l &

24
ﬁXﬂ v 9l ¥} 745%\]7]134 WAoo g4 9=

olF A ow  AFHE  zinc finger proteing  °]

chromosomal gened A #H o2 ZAF oSo] Bauyw 9u*
B d4Es VEGF-A ZE2RE Sojxoz Adsts, Alde
AA D7) ALolA 33 zine fingerol AAF AGA 22} (kox) T+
AAL @3 AR p65)E AT AF AAF AAESQ] F435-kox T+
F435-p65& ofdl=nfolel 2o =¢ste] VEGF-AY 3 A T+

S EHE dolrR A skt

TF A XM= pb3 wru A o] wo] ¥ o}yl retinoblastoma Y+
WA (pRb)e] =Wl &2 pRb & 2w 7|Ho] AGREE &5
A7l wiZel, pRbete] ATl AAdE ofdxntole 2 A AX
A= pRbe] A o= ofdufo]e] o] HAZE oA A9 pRbo
7150l A" T AxoAes A BEAEH dAEXE AgH
oz A 5 du o)l el FHotsie], B Ap e of
dx=rfol ey 2~ E1A FA 9 % pRbee AT ol #odst= CRI
F209 Glu otv] =4S Gly2 A 3A7]2 CR2 99 771 ofw] =4k
(DLTCHEA)S Gly(GGGGGGG) 2.2 A3 A7 o @A pRbele] ZAE
o] AAHE ofdxmntolAE A AT FAlO ph3 T Ao V]
S oJAs= EIB 55 kDa¥ A% 1AM 94 7152 3= EIB 19
kDa frAdatE AATOoZN, pb3o] B sty TFMEFAA dH

o

Mo %A Asdu®F wg AT IAE FA 42T £ A= )

off off

A

AE F AGA A ohelentolel Ael Ad-ABTE A A,
e @ W7 sol, ¥ B ATAE VEGF-AZ A4 w
AdA AANE AF AM A4 FAAE B AFANA AL

Fg AuA 2 obulmubolel 2ol Aol WA ANAFORA,



Al 7hs @ wholezel % GAlE ol A aatel gEo Al
A Ed A Aol g F 2V A fFEH FAAL FF
G T FHHEAE Yolr A ATk T A E5 old:
Hpo]#] 2o VEGF-AS] 2Hd S FXot= ¥ AAF A 2S5 A
Astel VEGF-AS =/ 28 AAFo=A s|dy Ao AR
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Ao AHEE AEZFES A HE AEFQ U343t USTMG,
ola] H&< AJEQ coronary artery smooth muscle cell(CASMC)¥}
human aortic smooth muscle cell(AoSMC)E o] &3A ). = Al E
T+ American Type Culture Collection(ATCC, Manassas, VA,
USA)ell Al 98+, HEL HEEL Cambrex(Cambrex Bio
Science, Walkersville, Maryland, USA)olA T Y3t tt. Human
umbilical vascular endothelial celHUVEC) dAltsta A s} st}
A Ao =RE Wtttk 2e]a ofdlwentoly = 7] B
Azl El #-917F 5 44 Wel A= 9= HEK293 Al
(ATCC)E otdlmutolel = A AEF= AMESIAH. ¥ AEFE
L 10%9 $Hjo} dAH(FBS; Gibco-BRL, Grand Island, NY, USA)o°]
23®l DMEM wjffo= gA4A 100 U/ml penicillin, 100 ug/ml
streptomycin(Gibco-BRL)& #7}ste] 5% CO.9] & skl 37°C @
= w7l A wistdY. HEE AxES 5% FBS, 2 ng/ml
human fibroblast growth factor-B, 0.5 ng/ml human epidermal
growth factor, 50 ng/ml gentamicin, 50 ng/ml amphotericin-B, ~L2]
a1 5 pg/ml bovine insulin®] % 7Fe SmGM-2(Cambrex) ®joF o) o &
kst Al Wik 5-8 Atele] AlxEwr AP AESATH
HUVEC AX+ 20% FBS7} X33¥ MI199(Invitrogen, Carlsbad, CA,
USA)el &AA 100 U/ml penicillin, 100 upg/ml streptomycin, 3
ng/ml basic fibroblast growth factor(Upstate Biotechnology, Lake
Placid, NY, USA), z228]32 5 U/ml heparine i w3k A w) %

3-5 Abole] AEEE AW FAT.

2.8 %=
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Rat aorta ring sprouting assay: 6 %2 Sprague-Dawley <
7 # = SLC(Japan SLC, Inc., Japan)ol A +3to] AF&35F 1, A A
W FFd &9 43S 6~8F9FY F73 F= AFABALB/cnwE
SLCol Al F-g3te] AF&atth 55 AFSAY 25+ 22 £ 2°C, F 5%
55~60%= FAANALH, e Fo] 12 A3t @z -
St AL, WARY AR HA
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3. VEGF-A = 2 ® ¥| £ 9] & zinc finger protein 2 & 3} = o} ¥ = u}
ol A2E9AZ AR AL AZE

VEGF-A9 HAAE @34y oz g4 &2 F7HAZ 4 A& zinc
finger protein Z#Zv] =9 F435-kox2} F435-p65((F) EA,
Daejeon, Korea)E old=ulo]e]~ E3 ME WE < pSP72AE3d At
A 3to] Z+7} pSP72AE3-F435-kox 9 pSP72AE3-F435-p65&  #| 2} 3} %
t}. GFP9 zinc finger proteing FAlo]l Hd3d+= EA &% oldx
Hpol Y & A =str] Y ste], A7l A Al#tE pSP72AE3-F435-kox
o} pSP72AE3-F435-p65 E3 MEWHE 2t7 Pvul?}  Scal Aa A
2 Agste] dYsAl71a, E3 A7 &AAE L ELF-9 ol GFP7)
Ad ¥ pAd-AEIGFP nlolef 2~ WIHE Spel A4S Ao A
PaAZH . o]ES A A BJ5183 (obtained from S.B. Verca,
University of Fribourgh, Switzerland)oll 4 A &= ﬂﬁ/\]ﬁ Sl
2 A% A 23 (homologous recombination)2 %3t GFP A
9} VEGF-A Z 2R ¥ £09]3 zinc finger proteing T Ao T ds =
A4 2% oftlxnle]ly 2~ WEQ pAd-AEIGFP-kox®t pAd-A
E1GFP-p65E Zt7y Aztstdtt. VEGF-A X =2ZRE 5|4 zinc
finger proteing Wds= T 5old A ofulwnfo]lHy g AlF
st7] Hal A=, d71el Al Al #E pSP72AE3-F435-kox o} d] =nfo]
2 E3 MEWEHZE Pwl ATdasrs Agste] A3 A7 5, Spel Al



ga2E Agete] A¥3k A2 pAd-AB7 ofvlienpo]el s EY W
(E1A°] Rb 2% #4917t Welx i, EIB 19 kDa f# A< E1B 55
kDa Fd27F 37 249 ¢ Sol3 44 otdiente] g 2)st g
g BJ5183el4 T4l BH HFAIA pAd-AB7-kox FTF e A
A otdlntelel 2~ WEHE ARG T AzTE obd mnfol

Cps H%‘Ei-‘é——% Hindll ATE&EZ ARHA 45 ALE 75 2

AT F 92 EELE Pad Adasr=2 ddd ¥ HEK293
A E o f‘éé‘ A A O}Eﬂ‘f—‘ﬂ}"]ﬂﬂi% Aitett. dxzado=
AbgE mbelE 2= El 99 fAatse] A& ¥ o 9 GFP
xS 71Xl Ad-AE1IGFP$ E1A #9119 Rb A% F917F ®oly

!
I, FAlel E1B 19 kDa®}t E1B 55 kDaf A AE0] =5 A<+d Ad-A
B7oln, 7t7zbe] ojdlwmlolg A~ HEK293 AEFoA F

CsCl gradient® F53t T 3% 2™, limiting titration
assay & 2 9 7}(plaque forming unit; PFU)E AF=38} 9 th.

4. VEGF-AZdast g5

VEGF-A Z 2% ¥ E9|3 zinc finger proteing W &3+ ofd
ol g 2o 93] VEGF-AQl wdo] gydozg o4 & F3H=

A & 3t7] 938}, enzyme-linked immunosorbent assay(ELISA)

4'6‘
= Al WA VEGF-A9 2do] JAx =4 &elslr] 913k
¥ ob A EFQ U343, USTMG X 10° cells)E 25T flaskel] z+zh %
T3 H, o ofdlxvlely{AE oy FXe multiplicity of
infection(MODZ #H A 7132 4 A+ & 5% FBS7F ¥23¥ DMEM
v A 2 WA sFl T vhol el s Y $ 48, 72, 96 AlRtel WAl E 3]
k7] $8te], viA] 34 30A17F del FBS7F &5 A 2 DMEMC

2 6A7F 59t starvationS

= + ¥ 1% FBS7} %% DMEM<OS = uj
A2 w3kslo] 2447 FoF F
gk

Berstgich 8148 WAL 800 g2 A4
pelste] 45os ¥ Col F 100 plol FF AL o] §5tol
VEGF-A ELISA ¥4& Adstgde WA 358 ¥, delgls 4

E 150 ] A7FE- lysis £ 02 AxXE &3A2 v, 10,000 g

jus)

AC)
4

o}



oA 15 &3 94 st dwAS FYsta, @z fA4
kit(Bio-Rad, Hercules, CA, USA)ZS o] &3lo] A X vz S
Fatd k. ELISA &4 o3 4t&E¥ VEGF-A &2 Alxd a9z
ool o8] BAATH VEGF-A @8 27 o]RE &elats] 984
B, U343 AEF(6 X 10° cells), CASMC, AoSMC(25 X 10° cells)Z
6-well plate o #F3 FH S & ofdmnlo]dl s oy FEQ
MOIZ #ZaA 7l 4 A &, 247 1% FBS7} ¥ 3" DMEM¥
SmGM-2 v X2 WA AT wlA WA T 24 A|gE 36 AlF 182
48 Alztell WA S Zt7F Fgste] AvlE W FYshAl ELISAS
T 3§ s} Sl T

5. Tubeformationassay

VEGF-A =Z=2XE E09]4 zinc finger protein 2 do] uwE
VEGF-AY 238 714 38 =712 &3 Wy A E9 tube formation
7150l WIH=AE dolH7] $3te], HUVEC AHEXE o] 8§35}

tube formation assayE Aldstut. WA, 250 ple] growth
factor-reduced matrigel(Collaborative Biomedical Products, Bedford,
MA, USA)E 495 oA 24 9= 24-well plated] L 3sHA &
F3 5, 37°Coll A 30%%F polymerizationdt A th. HUVEC(3-5 At
wloF) AIEZE 6A17F Tk 1% FBSE 33 M199 v Aol A uj &5}
of ¥* starvation*l 7l F, trypsine Aot AEFE FASA
8% starvation HAZ7F © HUVECEZ2 X 10° cells) AEES
VEGF-A 2d 94 Adae 4% Ad-AEIGFP X+ Ad-A
E1GFP-kox ofdHlx=nto]lf =5 Z+7F 30 MOI A&l & § 48 A|7F Fo
53 U343 A2 wjekdy 50 MOIE AHEd & 72 Al Holl &5
3 USTMG A3 wioFolyt 248 % matrigelo] % 24-well plate
of ¥F3stx stk VEGF-A 2d 3 Ad o 749, 100
MOI(U343)¢} 500 MOI(CASMC)® Ad-AEIGFP X+ Ad-A
E1GFP-p65 ofdlw=ntolef=s 747} A ejsta 36 Ak Hol F53
Al i ekel st 4§ o widstdv. A dET o 2= 40 ng/mld



VEGF-A @24 (Upstate Biotechnology, Lake Placid, NY, USA)<

o] &3t F . wjek = 18 A gFo| Al 24 A|7F Alolo]  wmjekeRE A AT
i PBSE 2¥ AlHE 5 Av]Fd o= tube IS FESHAT

6. Exvivoaortaring sproutingassay

VEGF-A Z=2%¥H 50|34 zinc finger protein &do] w& &3
P4 9dA =2 %ﬂ% D23l 7] 918ko], aorta ring sprouting assay
£ A 6 FH 9 Sprague Dawley ratS ZH-E aortas g
Skal, aorta T 9 f1bro—ad1pose tissuesE A AT H, 1 mm T4 9
ring© 2 SFA Zgth. A d 48-well plateo] matrigelS 120 ul
A BF35a 37°Col A 1087 polymerizationdt ¥, aorta ring=> 2Hz}

9] wello] &a1, 50 pl®] matrigelE overlay 3F%th. 30% ¥ matrigel

o] # oW, tube formation assayolA A& A3} T2 AE wj
250 uls Zt7he] welldl A glste] wjFsidth. S xR oE=
VEGF-A &2 (40 ng/mD< A&tk s 5 649, 9¢, 129 4

of, &v] 7 (optical imaging technique) 22 aorta ring & ZF¥ A A =
o7 AR5 AR, Y49 FAEL double-blinded manner
2 A o2 (most positive)S 58, o] FAE A ko A
(least positive)S 08 o2 HIFE H st FA4sH o, 247t 2
o ths] 12709 aorta ring=S WA S ®  aorta ring sprouting

assay s T d3A

7. VEGF-A A AL & 9] A 8} = zinc finger protein S 2 & 3}
A otd ol 2 AN EZ ALY THS

e

Fg A

VEGF-A Z 2% ¥ 509l zinc finger proteine] & o {7} o}
ti=npol e} =0 EHalo] ojwd s wA=A HAFor] $ske], Bt
ol#f 9] Hx| A= e cytopathic effect(CPE)E /\}o}oﬂﬁ‘r
ok M AEZF(U343), 1+ Ml EF(Hepl), Ao A EZF(C33A),
A EF(AS49) 59 AA T AEFES 24-well plateol] 77} &

H,

N 2
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skar, 24 A3k

upol e 28 o

Ad-AElLacZ, Ad-AB7, =% Ad-AB7-kox ofbdl=
TR MOIZ #ZHHAFT & MOIS npo]# ==

w
Al _10\‘

AT 6~8F AE ZAdd F= AH HF Fetd 1 X 10749 9
Al ¥ AMEF USITMGE FAFsEA T %9 &4 9 60~70
mm’ AE H9< w, 5 X 10° PFUS Ad-AEIGFP, Ad-A
E1GFP-kox, Ad-AB7 % Ad-AB7-kox o}ulinlole]~Z 4 o
Z9 PBSe A 747 olE tAoE Al W FoF ol FH F
gt ¥ FTYY AVIE olE A= FAHSAY. THY 4L
caliper2 T 49 @43 F5S S48t v 22 o= A

sttt

ool 24 (mmh)= (¢ mm)* X FZE= mm X 0523

N

T4

o]
o

o)
lu)
2

9.VEGF-A A A} £ 2} A] 8} = zincfingerprotein & 2 & 3}
A olg enlo] YA FoomEaFF A YA IR

=
%2

s
Py
l:olt
i)

oX

o[\

6-8FHe = AH 2R e ¥ AMEFA U343
USTMGE FAFg 5 F%o @7]7F o 100~120 mm® A% HAL
W), 5 X 10° PFU® Ad-AB7 ¥ Ad-AB7-kox o}dli=nfe]gl~s &
4tz PBSe @A 33 4 Wl Folatdth. uhA 9 nloly A&

Fogk & 10 LA Td= A=sto IHC  Zinc

of\

fixative(Formalin—free)(BD Biosciences Pharmingen, San Diego, CA,

USA) gold] 14N 9 wein 22e Adadd. A4E 9
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A EES 4 m FAZ &2 E8el=2 = H, o] & xylene, 100%,
90%, 70%  ethanol &l AH=E  @EHd  FHgAS A
(deparafinization)d & hematoxylin® eosin(H & E)°o. = A&} t}.
VEGF-A AALES 9 A e= zinc finger protein® W&o <o& =9
Z2 O g3 FAgol oAl HA=A FHAsr] sk, d@ T A
X 5olA g9 CD3lE AdeA o= dAT F e A, rat
anti-mouse CD31 monoclonal antibody(MEC13.3; BD Biosciences
x4 1Y ds Adear. gekdo] A
A 4 m FAY T 24 EHol= % H0p & Aol A 10+
HES5- A1 A Q1A 1k 3} g4 A= Ak A 7] L
CAS-BLOCK(Zymed, San Francisco, CA, USA)2 2 30%&7 H| 5 o]

Mol A wgo] Yojihx L= I F, a-CD3 FAE Ak FA

Pharmingen)S ©] & 5} ¢]

2 hybridization*] ZL t}. Biotin¢] A3 ¥ polyclonal anti-rat IgG
antibody (BD Biosciences Pharmingen)Z ©] %} & A & hybridization?]
71 ¥ DAB(DakoCytomation, Carpinteria, CA, USA)S o] &3}
CD319 & F4ds ettt

10.F AT AL

g3 Wy AMXE Eo]l% 32 CD3Il(platelet endothelial cell
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1.VEGF-A = 2 2 §] £ 9| & zincfingerprotein 2 & 3} = o} g] ;= u} o]
2 AZLVEGF-A2A A3 A5

VEGF-A Z 2R Eo| Eolx oz Adsle] VEGF-AQ HAALE o
A =L ZZ3%E= zine finger protein?l F435-kox 9} F435-p65E Z+
zZb dste 7 TR obdlento] 8 2~ (Ad-AE1IGFP-kox, Ad-A
E1GFP-p65)& Al 23t i vh.(Fig. 1A)

A. Replication incompetent virus

AE1 AE3 (28592.30479)

E3 12.5K

He{ omv | orp —< £2 || Es12sk [ omv | Fasstox | mber | E4 [E/Ad-aE1GFP-kox

AE1

Hell aomv | orp —<X 2 | Est12sk  fomv { Fasspes | fiver | E4  [HAd-aE1GFP-p6s

B. Replication competent virus

AF1B19/55 AE3 (28592.30479)

EvH en ———w [ e2 | 3125k S iver | E1 [ AdAB7

AE1B19/55
X | e2 [ Es1256 Jcww || Fasskox | nber | Ea || Ad-AB7 kox

Figurel. Schematic representations of the adenoviral vectors used
in this study. All indicated adenoviral vectors were derived from
full-length adenovirus genomes cloned and manipulated in E. coli

as bacterial plasmids. (A) Ad-AEIGFP has the whole El region
deleted and expresses GFP gene under the control of CMV
promoter inserted into the El1 region; Ad-AE1GFP-kox and Ad-A
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E1GFP-p65 have F435-kox and F435-p65 in E3 region,
respectively. (B) Ad-AB7 contains mutated E1A, but lacks E1B 19
kDa and E1B 55 kDa; Ad-AB7-kox has F435-kox in E3 region.

e

ol wolg} 2ol 7] fARQ EIAS 2@ = 24 b5 ofd
wulolg) 2o 9dle] VEGFY wdo] #adtiE Hue] uwe?
F435-kox Z&@o] ¢ 3 VEGF-A 2d Was %87 st WA
E1A7} A2 53 F435-kox9 GFP #HAE FA

8% ofltxnlo]dl =9 Ad-AE1GFP-koxE Al &35t Ad-A
E1GFP-koxE& VEGF ®@dcefe] =2 dA I AMxEF U437
USTMGOl #dA 713, AEZRE wWAE 35350 ELISAS 3ol

VEGF-A Zdds B

UB7TMG

8000 16000
7000 14000,
z 6000 E 12000
g soo0 | 7 B 2 10000,
“w U BB i 7 7 7 7 /B 7
s  PVEEEBRLE oo B "FEE L
& 3000 2 ? é z 7 g W 6000 ? ? 2 ‘N g ?
78 78 78 7 7 7 1 Y ¥ ¥ %
xww MUY EE YV 4000 WA W 7M 78 78 7. 7
' rrrrrr 71 73 /Ml
1000 | Miml il il il ol ol il 2000 + 71 Za) %m0 58 Zal %
7u)| | %) Za)| Zu)| Za) Zw) %m) Vs A5 7 72 7m| %@l GER 7
0 48 hr zhn 96 i 48 hr zZw 96 hr 4B 2w 96 i n‘ 45 hr 2 88 by 43 hr 2w 96 he £8 0 2h 96 by
30MOI 50 MOI 100 MOI 10 MOI 20 MOI 50 MO!

B Untreated Ad-AEIGFP [ Ad-AE1GFP-kox

Figure 2. The expression of VEGF-A by U343 and U87MG
infected with Ad-AE1GFP-kox. VEGF-A expression by U343 and
UR7MG infected with Ad-AE1GFP or Ad-AE1GFP-kox at different

MOIs was measured by ELISA as a time dependent manner.

N

F ZFolA Ad-AEIGFP-kox o} d|=u}

ke

oA, F FRY A



oy =9 ol 93] VEGF-A9 wdo] dAsHA #AaH= AS 3
A& 5 AATH(Fig. 2). 5, U343 M EZF A= 30 MOI o329 Ad-
AE1GFP-kox ofdlntol]~2 FFHE R 4o VEGF-A9 &
do] ¢kHs] A= AS Gl o, USTMG AEFA %= 30
MOI ©]/°] Ad-AE1GFP-kox ofluli=ntole]~2 ZFAH wjA| o A=
VEGF-A7} 719 A&5# @4tk 53], 30 MOIS] oft=nfo] e
2 96AIHEQ THEE USTMG Alx2F9 75, Ad-AE1IGFP-koxeoll ¢
) 7w AEA TdAH VEGF-AY 9% (0.2 ng/ml)o] thE+ HbO]
2 2~Ql Ad-AEIGFPel oJaf #Zd¥ 4 -5(7.9 ng/mDel Bl °F 40u§
A= UA AsHe A5 Ui, VEGF-AY AALE Fxl6k=
zinc finger protein?l F435-p65& W dst= Ad-AE1IGFP-p65 o} dl =
vhol e} 2~ 8 QA ¥ A EZF U343 QA H&+ A2 CASMC
o AoSMCel #ZaAAZ A f-ol=, Aeg npole =9 §=Fol v s}
of, xgjar A slsE Algtel Hl#lste] VEGF-AS wdo] F7tsh=
e AT+ AT (Fig. 3). 5, AoSMCE Wizt oft=nfo] e 2~
¢l Ad-AE1GFP 500 MOIZ #{ A7l 74 -(340 pg/mDell ®s Ad-A
E1GFP-p65 ofdlx=nto]lf =5 A7 74 5-(819 pg/ml) VEGF-A<]
o] oF 25u) Tl

B Untreated Ad-AEIGFP [ ]| Ad-AELGFP-p65
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A. B. AoSMC
2100+ U343 (24 hr)

1800

E 1500 g
E E)
21200 2
[
S 00 &
> w
600 >
300
o 0
10 Mol 50 MOI 100 MOI 200 MOl 500 MO 200 MOl 500 MOI
24 hr 48 hr
2 CASMC (24 hr)
14000 U343 (100 MOI) 1800
1600
12000 E 1400
E 10000 5 1200
& so00 < 1000
i & 800t
& 6000 o
r £ so0f
4000 100}
2000 a00f
0 0

200 MOI 500 MOI
24 hr 36 hr

Figure 3. The expression of VEGF-A infected with Ad-A
E1GFP-p65. The concentration of VEGF-A in the culture
supernatant was measured by ELISA. (A) VEGF-A expression by
U343. (B) VEGF-A expression by AoSMC at different MOIs as a
time dependant manner. (C) VEGF-A expression by CASMC was

measured at 24 hrs after infection.

2.VEGF-A = 2 R §] £ o] 4 zincfingerprotein< 2 @ 3} = o} ] = v} o]
oo NABAJAATAHS

VEGF-A @d& oA % F7MA7]1% zinc finger protein$!
F435-kox 9} F435-p65e] wdA o= 9lsk VEGF-A 2dge Wy}
g3 Wl Az #£3 s wA= dFES HFoE7] Ssko,
HUVEC AXE o]&3lo tube formation assays Al 8sl At} U343,
USTMG M EFE 30 MOI £+ 50 MOIY Ad-AEIGFP X+ Ad-A
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E1GFP-kox ofdlwnfolel 2= ZFZF 7FA Al 7] 4841 7H(U343)3 72
AIZHUSTMG) H ol =538 A2 HUVEC AZE wdsdet. 1 4
I oop A% A ehA @ Alx wFd = Ad-AEIGFP ol
vpolgl 25 A AE S AT Aols 2 FHS tube
7} g4 % wkd, Ad-AEIGFP-kox ofd|mulole] 28 7ZgA7l AE
HjoFel & A2l 7 $-oli= HUVEC AE2E59 I3 PAjo] & = &
of 7hgx HEAHOoE FoH tube’t FAH AL #FT 5 U
(Fig. 4A). o] 9} t 24 02 Ad-AEIGFP-p65 o}l =w}o] ]~ 2
MOI(U343) E+ 500 MOI(CASMC)Z #HA A 7131 36 AlZE $o 3]
o AE A A F Ao, ofF A& AFsA & Al
= ofdl=nrlo]y 2= Ad-AEIGFPE H &+
e Aol vE PAHE tubed FH7I7F W A #F
o] tube?d] RI=LE AL s HFD F Eloiﬂr(Flg 4B). 53], ¥4

Ao @ Ao v

¢

fijed
—
o
(]

=
BN
By
re
I
(e}
=)
0o
~_
é
1o
<
T
D
'-rj
:t>
o
2,
av)
II
ru>i
mlo

A B.

Untreated Ad-AE1GFP Ad-AE1GFP-p65 VEGF (40 ngiml)

CASMC

Untreated Ad-AE1GFP Ad-AE1GFPkox Untreated Ad-AE1GFP Ad-AE1GFP-p65 VEGF (40 ngiml)

Figure 4. Replication incompetent adenovirus encoding F435-kox or
F435-p65 inhibits or promotes VEGF-induced tube formation of
HUVEC. (A) HUVECs were plated on matrigel-coated plates at a
density of 2 X 10° cells/well and then incubated with the
conditioned media of Ad-AE1GFP or Ad-AE1GFP-kox infected
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U343 at 30 MOI for 48 hrs, in the case of USTMG, 50 MOI and 72
hrs. (B) The conditioned media of U343 infected with 100 MOI
Ad-AE1IGFP or Ad-AE1GFP-p65 for 36 hrs and that of CASMC
infected with 500 MOI for 36 hrs were used. After 18-24 hrs,
microphotographs were taken (X40). Representative endothelial

tubes were shown.

ool A FdwH AA 3 FA T AolE ex vivo FolA Fol

R

stk WA, Ad-AEIGFP =+ Ad-AEIGFP-kox o}d=njo]8] ~&
50 MOI=Z #Z@AI7]a 72 AIZF Hol 343 USTMG Al v F &
aorta ringell H#star 7Y FF wike A, ol AL A A
k2 A wjetdoly Ad-AEIGFPE # A2l USTMG A Z wj oF oF
S A3 aorta ringd+= tiERA o2, Ad-AE1IGFP-kox ofdx=n}o
g A AXE wFHo R aorta ringS WS Aol vessel
sproutingo] A9 dojyx] 2 AL AT = JAH(Fig. 5A). °]

2 wu AgHoz wu 4FH/ SFel, F4E AREL

n

371 $38hod, rate] aorta® ©]-&3lo] vessel sprouting assays

double-blinded manner® %A ™ Z*(most positive)S 57, o]
sprouting % A &S A ¥ (least positive)S 0H o2 HFZE Hols)

of EAstgtt o Am AYstA e AME wgdent Ad-A

EIGFPE A2 UTMG Al v A

S HeEle Aol= 1.0 £ 0.0 o d#vo] sprouting® o] oz
T whol@] 29l Ad-AEIGFPel wle| @ F4ol @AstA oA
el e}k 3 tH(Fig. 5B).
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Untreated Ad-AE1GFP Ad-AE1GFP-kox

Relative level of sprouting vessels
o = N oW oA

Unireated Ad-AE1 GFP Ad-AE1 GFP-kox

Figure 5. Replication incompetent adenovirus encoding F435-kox
inhibits VEGF-induced vessel sprouting ex vivo. (A) Aortas in
matrigel were treated with the conditioned media of Ad-AE1GFP
or Ad-AE1GFP-kox infected U887MG at 50 MOI for 72 hrs. (B)
Ad-AE1GFP-kox blocked VEGF-induced vessel sprouting. The
assay was scored from 0 (least positive) to 5 (most positive) and

the data are presented as mean (n = 7) + SE

& tube formation assay A3} wpz7Ex] 2 Ad-AE1GFP-p65
oftntol g 25 TAAZ AE wiFAS A Ao, o F
T oAgebA g2 AlE w o]y Ad-AEIGFPE A1
oS AHelg 9o H3s), vessel sproutinge] mi-$ FEEHA Ao
A BEEF AL (Fig. 6 A and C). o1& 719 WHY} sds &

A3, obF AR APskA G2 AlE wjeFdolyt
Ad-AEIGFP Wiz ofdmutol el =5 P AIZ] U343 Al wiFoi &
Al BE aortaol A 727 1.1 + 022 9F 1.3 £ 045 = vessel

.



sprouting©] -§ we HE=g dojut "t AJd-AE1GFP-p65 o}t

utolH 25 ZAFA AE wgdE Ay A= 46 + 065 =
vessel sproutingo] - GASHA dojdt AL FAT £ A,
CASMC A X #jFds Ags Ffod= 22 A745 49T 5+ 9

2 tHFig. 6 B and D).

C1 : untreated

C2: Ad-AE1GFP
C3: Ad-AE1GFP-p65
C4: VEGF (40 ngimi)

Al : untreated
A2 Ad-AE1GFP

A3 Ad-AE1GFP-p65
A4 : VEGF (40 ngiml)

vessels

-3 - N (¥ - 3] o
Relative level of sprouting
(-] = N [~} S L] o

Relative level of sprouting vessels

Untreated  AdAE1GFP Ad-AEIGFP-p65 VECF
Untreated  ALAE1GFP Ad-AE1GFP-p65 VEGF

Figure 6. Replication incompetent adenovirus encoding F435-p65
promotes VEGF-induced vessel sprouting ex wvivo. (A) Aortas in
matrigel were treated with the conditioned media of U343 infected
with 100 MOI Ad-AE1GFP or Ad-AEIGFP-p65 for 36 hrs. (B)
Ad-AE1GFP-p65 promoted VEGF-induced vessel sprouting. The
assay was scored from 0 (least positive) to 5 (most positive) and
the data are presented as mean (n = 5) = SE. (C) The conditioned
media of CASMC infected with 500 MOI for 36 hrs were treated.
Representative aortic rings  were photographed (X40). (D) The
assay was scored from 0 (least positive) to 5 (most positive) and

the data are presented as mean (n = &) = SE.
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3.VEGF-A%d & 9 A5} =F435-koxE X del =T & A& A Ao}

dvtol el 2o A TS AE

B7-kox¢t whxw T AelA A ofdwubole] 2~ Ad-AB7S Z
7k Al A st A ohH(Fig. 1B). F435-koxe] W@ o2 ofu|icnlole] 2~ &
A7E AdE = Jd=AE Fdstr] Hsto], oA TR dAEF A

XFE55 Ad-AElLacZ, Ad-AB7, =+ Ad-AB7-kox o}dx=n}
olff 2z AT, miolY 2o EA] wWE AX AE ARE
CPE assay® ¥ &3 th(Fig. 7). &4 tx+2 Ad-AElLacZ & A
5 oftlentoldf 22 ZAEE AEEoAe ofdlmutolH 2T BA
B g7 wEel AXE A4 B dEuA ko, B4l ks
old =nlo]H 2592 Ad-AB7 £+ Ad-AB7-koxZ #HEH ASd=
ddE mpolgl = o] FHEel wEt AE AN B3 FrFEAT
53], A549¢ WI38 AMEFE A9s EE AEZFE(Hepl, C33A,
U343, IMR90)I A, F435-koxE rdsl= ofdlmntole] =9l Ad-A
B7-kox9] A AAfFo] ozt wlole 29l Ad-AB79] H]a] kb mwi
2AY =
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MOl 4 2 3 1 1 2 3 2 1 2 3 a4
100 (@D 100 | @ 30 (¢
30 | @ 30| @ 10|@
10 . i0 .' % .
3 | @ @ 3 | @ : o
L X X R 1| @ &= Cy !
X X L OPO® 0.3| @ e
.| D O®® A X ¥ L ) .| @SSO
Gl X X X Bl X X X ) L X X X |
Hepl ABA9 C33A
1 2 3 4 1 2 3 4 1 2 3 4
IEI:IC 100 | & 100 q_:',i
30| & 30|00 30 | g ]
10| @ 10D 0@ @
3 | @ @ 3l . 3| D DOD
1 DO® _ NP e 1| DB D
03| D DO S 03| @ @ 03 | D PP D
ol X X X J 0.1 @y e _ GRNE- X X X
L X X X ) R R R X X X -
u3a3 IMR90 w138
1. Ad-aFE1Lac?
2. Ad-ABT
3. Ad-AB7 kox
4 Ad-XC

Figure 7. Cytopathic effec-ts of Ad-AB7-kox in vitro. Cells were
infected with Ad-AElLacZ, Ad-AB7, Ad-AB7-kox, or Ad-XC at
the indicated MOI. Replication incompetent adenovirus, Ad-A
ElLacZ and wild type adenovirus Ad-XC served as controls. At
4-10 days after infection, cells remaining on the plates were fixed

and stained with crystal violet.

4. VEGF-A %32 o A 51 = F435-kox S R A= TR M) 2 &4 o}
Aol 2o gANFEFEARAELAS

VEGF-A 2dS JAst= F435-koxEs wdste ofdimntolg 2~

o AA W FEFF EFNE FFH A, AA HY AEFQ
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USTMG AZE F= AF o B Fste FAsta, gA4E T4 &
Aol °F 60~70 mm’ A= HAL W 5 X 10" PFUS Ad-AEIGFP,
Ad-AE1GFP-kox, Ad-AB7 183 Ad-AB7-kox o}jdli=nlo]e]~E
4 Wz PBSS @7 ol AR 3w FF el T4 F
Fo] A BEetHFig. 8A). &4 WxTe PBSE Fof B
ARl A%, volelz Fol F 22 AAo| ojm Fope] §7 o]
F 27894 + 3374 mm’o2 F743 4Fad o, F435-koxs W
B4 &% ofbdlmulo]#] 29 Ad-AEIGFP-kox4 % 5

obdl:=nlo] 8 =2l Ad-AB7 W& Ad-AB7-koxE Fold 7ol
THY Aol AA AdES FAdsAud. =, Ad-AEIGFP-kox
Ad-AB7, =% Ad-AB7-kox ofjdl:=
o A, voly s Fo F 22 dF
1635 mm’ , 9429+ 3834 mm’ 2
F435-koxo] AlA g3 A A= A dFof aael T4 A4
A4 obdlmntol 29 TR FFY EdE #FT F Uy 5
3, Ad-AB7 Fola2 269 Aol &7 ’
AB7-kox ofdlx=nfolel 25 Fold 4%, 369

7 a8
3 - - - - -
mm'E ¥4 @ol Hup FdE FTF AHE AAY 5 A9l E

4o
(M o2
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¢ PBS H AEIGFP A AEIGFP-kox X Ad-AB7 @ Ad-AB7-kox
Figure 8. Anti-tumor effects and survival rate of adenoviruses

expressing  F435-kox. (A) Tumors were established by
subcutaneous implantation of 1 X 10" cells and allowed to grow to
60~70 mm®’. Nude mice with established tumors were randomized
into five treatment groups of seven animals each. Each group
received intratumoral injection of adenovirus (5 X 10° PFU of
adenovirus in 30 ul of PBS) on days 1, 3, and 5. Tumor growth
was monitored every other day by measuring the short length (w)

and the long length (L) of the tumor. Tumor volume was
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estimated on the basis of the following formula ;

tumor volume (mm®) = 0523 X Lw”

(B) Survival curve analysis. The percentage of surviving mice
was determined by monitoring the death of mice. Tumor size over

2000 mm® was regarded as death.

5.VEGF-A 2 d S 9 A5l =F435-koxE A3t =F ¢ A9 3 Ao}
dacvlole 2o Fold 2R d AR LD

ANA Mot AEFl U3d3d USTMGE F= A9 &HF 35t

AAH AL BFT F JAvH(Fig. 9 A and B). 53], U343 =4 =
2ol A4 thEa vholg) 2 Ad-AB7 At 3 o (217 + 45)
Hjgle] Ad-AB7-kox Aol d# F7HT8 + 15) °F 3w 7h7to]
Aad AL A F F ddonw USIMG % M e g g

ol o 254 oA | A & sk (Fig. 9C).
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Figure 9. Histological assessment of angiogenesis in the tumor
tissue treated with Ad-AB7-kox. Ten days following third
adenovirus administration, mice were sacrificed and the tumor
tissues were embedded in paraffin. Paraffin blocks were cut and
stained with an antibody against platelet endothelial cell adhesion
molecule-1. (A) U343 tumor tissue; (B) U87MG tumor tissue;
Representative CD31 stained tissues were photographed. (C)
Quantification of vessel numbers in tumor tissues. The data are

presented as mean (n = 3) + SE.
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2)
T8% 9gE "w9sta dow, 53 VEGF-Av 714 83 A4
a9 FA AR dEA du mebA oleld VEGF-AS 23S =
dd o duvd oy wWEgAd A4 du gAe oA 2= A

o]
Heks st TaHeR Y A5 @A AdHEA 2d] A

Zinc finger proteing ©o]&3% AF AL AAE o]&F A&
antisense} RNA-interference(RNANE vI& o= 3 mRNA &3l 7]
AR 9% AHsA VEGF-A 2dS =24 & = do. =
antisense Y4 RNA7 & & AlX 9 o8 copies?] mRNAol| Z3gs]of
SFA 7t zinc finger proteine VEGF-A locus9 7+ alleled ®+ 233}
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Abstract

Regulation of VEGF-A promoter

using a zinc finger protein

Yoon-A Kang

Department of Medical Science
The Graduate School, Yonsel University

(Directed by Professor Joo-Hang Kim)

Vascular endothelial growth factor (VEGF) is a most potent
inducer of angiogenesis, the sprouting of new blood vessels from
pre-existing vessels. VEGF is an attractive target for anti—cancer
therapy because of its critical role of tumor growth and invasion.
Unlike anti—cancer therapy, therapeutic angiogenesis is a
progressive approach aimed at increasing the number of collateral
vessels delivering oxygen and blood to ischemic tissue. Therefore,
it can be wused as anti-cancer therapy or ischemic disease
treatment by inhibition or activation of angiogenesis, modulating
VEGF expression.

Artificial transcription factors based on Cys»—His: zinc finger
proteins (ZFPs) recognize an endogenous target site directly and
could activate or inhibit transcription. For the aim to demonstrate
the utility of ZFPs as therapeutic agents, in this study, we have
generated adenoviruses expressing VEGF promoter—inhibiting ZFP
(F435-kox) and VEGF promoter-activating ZFP (F435-p65).
Replication—-incompetent adenovirus expressing F435-kox, Ad-A
E1GFP-kox, significantly down-regulated angiogenesis, showing
reduced level of VEGF expression and inhibition of tube formation
and vessel sprouting. In addition, oncolytic adenovirus expressing
F435-kox, Ad-AB7-kox, elicited enhanced anti-tumor effect in
comparison to its cognate control oncolytic adenovirus, Ad-AB7, in
USTMG xenograft model. Furthermore, vessel density in tumor
tissue treated with Ad-AB7-kox was greatly reduced compared to
that in tumor treated with Ad-AB7. In the other hand, F435-p65
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expressing adenovirus, Ad-AEI1GFP-p65, induced therapeutic
angiogenesis. The expression of VEGF-A in CASMC and AoSMC
treated with Ad-AE1GFP-p65 increased two fold compared to that
treated with Ad-AEIGFP. Additionally, the increased VEGF-A
expression induced enhanced tube formation and vessel sprouting.

In summary, these vresults demonstrated that artificial
transcription factors based on zinc finger proteins could be potent
regulators of gene expression with therapeutic promise in the
treatment of disease.

Key Words : VEGF, angiogenesis, zinc finger protein,

artificial transcription factor, adenovirus
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