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ABSTRACT

Background: Angiogenesis mediated by VEGF constitutes a new target for anti-cancer
therapy which has explored through different ways of intervention aiming at the blocking
of the tumoral angiogenesis. In the present study, we developed the assays by which
efficacies of anti-VEGF inhibitor candidates are evaluated at the various levels. Methods
& Results: First, we developed two sandwich ELISAs using coated anti-VEGF Ab and
soluble Flt-1 receptor fusion protein (sFlt-1/Fc). As low as 200 pg/ml of hVEGF diluted
in human sera was detectable by these assays. In addition, we found that VEGF inhibitors
(2 pg/ml of either anti-VEGF Ab or sFlt-1/Fc) completely block 5 ng/ml VEGF in
these ELISAs. Subsequently, two bioassays, wound healing and HUVEC tube formation
assays, revealed that anti-VEGF Ab (1 xg/ml) & sFlt-1/Fc Ab (1 x g/ml), or SU5416
(VEGER tyrosine kinase inhibitor, 1 M) prevents the activity of VEGF (1~ 10 ng/ml).
Finally, secretion of MMP-9 by VEGF-stimulated macrophages was abolished by
treatment of anti-VEGF Ab (1 s g/ml) in gelatin zymography. Conclusion: ELISAs
together with bioassays developed in this study are appropriate for evaluation of the
efficacy of inhibitors of VEGF. (Immune Network 2007;7(4):203-208)
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ol Ao g F5 v v} th3iEF <l o] & Bevacizu-
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B AFollA e ¢k X85 £X =2 N T2 VEGF
Zh& Ao} o|kEFE el Hevt &5 FUhE
913l VEGFE A 23} 31 VEGF inhibitor 2] 2F&< 37}
s A S AR Sl B AT B
&l anti-VEGF ©HZ-28-A4|, =84 VEGF receptor, L]
3L tyrosine kinase inhibitore] 55 ZHE3te W3}
S el vhol e 4B S AT o % el elnt,

ER

A 2 A oF. AM=e A VEGF 165, anti-human
VEGF mAb, 123+ A% VEGF 8419 S84 Flt-1/Fc
chimera, biotinylated anti-human VEGF Ab= R&D system
(Minneapolis. MN, USA)oll A -9 6}93 31, SU5416 (kinase
inhibitor)}& Sigma (St. Louis. MO)Z €] Tl s}ic}.
AE g AE uwleE 274, v-9-2 monocyte cell lineQ!
WEHI32} w52 melanoma cell line?l B16-F12] =4
B §AE Q3 7] E uljekelo & 10% FBS, penicillin
(100 U/ml)/streptomycin (100 . g/ml)& *3+sl= DMEM
S Ag3lem 5% CO, 37°Ce] 95% FE7F FA =
E= 3}tk Human umbilical vein endothelial cell
(HUVEC)S AltHE 2 HE] collagenaseE- %] 2lslo] £E]
S om(11), 2~7 Al Rl Al RS Aol 483

At o] 52 7| E uokeko 2 20% FBS, penicillin (100
U/ml)/streptomycin(100 /2 g/ml), 3 ng/ml bFGF (Upstate
Biotechnology, Lake Placid, NY), 5 unit/ml heparin< =3}
= M199 #A](Invitrogen, Carlshad, CA)E AF-&3}o]
5% CO2, 37°C9] 95% FE7F FAE =S 33ich.

VEGF ELISA. A&} VEGF2] <& ZHwl7] $sto]
ELISA HHH-S AZA1 7} A <A 2 sodium bicarbonate
buffer (PH 9.2)l] anti-human VEGF Ab (3 x«g/ml) =+
soluble FIt-1/Fc (sFIt-1/Fc, 2 1 g/ml)S 3] A4 slo] 96-well
U bottomed polyvinyl plate (Falcon, Becton Dickinson &
Co., Oxnard, CA)oll 50 x| 4 FE]3F % 4°CollA] over-
nightX]Zt}t. 0.01 M PBS+0.05% Tween 20 (PBST)Z Al
H A% g & 1% gelatin 100 « 12 37°CollA] 1417+ &
ot blockingAlZt}. thA] PBSTE Al ¥ A€ 3t &, =)
Z23 Ad VEGF £F8- M7 7F A1 55 0.5% gelatinod]
314 slo] welld 50 1 3L 37°CollA] 1A17F &<t
HES A1 Zic), o} A] PBSTE Al ¥ A8 3 0.5% gela-
tinell biotinylated anti-human VEGF AbS- 0.5 1 g/mlZ
314 slo] well B 50 11 War 37°CollA] 141 7F <t
HE-S- A1 Zi Tk PBSTE Al W1 Al s}od horseradish perox-
idase conjugated avidine 1 : 200022 3] A3k &= well
3 50 ¥ Y 37°CollA 1A17F F3F RESAIF
PBSTZ Al W, 3% SHT= Al ¥l AEg ¥, 7|49l
0.2 mM 2,2-azino-bis (3-ethylbenzthiazolin)-6-sulfonic acid
(ABTS)E 50 w 1% Wi oF 10~30%7F WA &,
ELISA reader VERSAmax (Molecular Devices. Sunnyvale,
CA, USA)E o] &5}o] 405 nm shaboll 4 F2ES =

Substrate : ABTS

(5.
QP

Avidin-peroxidase

Biotin -a-human VEGF Ab

O>—r=
@>—r=

Sample : rh VEGF

L @>>=
L @> >
D>

Coated : o-VEGF mAb

A. Ab ELISA B. Receptor ELISA

O~ Substrate : ABTS
o~

Avidin-peroxidase

Figure 1. Detection of human
VEGF by developed ELISAs. (A)
Sample : rh VEGF Plates were coated with anti-VEGF
mADb (3 pg/ml) in sodium bicar-
Coated : VEGFR ( sFit-1/Fc)| honate buffer (pH 9.2). VEGF was
diluted in 10% human serum or

Biotin -a-human VEGF Ab

=

VEGF (ng/ml)

12» 10 0.5% gelatin. Biotin-labeled anti-
£ L L hVEGF Ab (0.5 r g/ml) was used
S 08 g 08 as the detecting Ab. This ELISA
g 0.6 £ 'Ez % 0.67 c % named A.b ELISA. (B) Plates were
8 0.4l q:g > g o4t % el coate?l w1th'solubl‘e Fle-1/Fc 2 pg

25 o) < R /ml) in sodium bicarbonate buffer.

0.2 2o I 0.2 °3 The rest of steps were the same as

0 0 e those described in Panel A. This

0 0.156 0.625 25 10 0 0.002 0.01 0.04 0.156 0.625 2.5 1p ELISA named receptor ELISA. Data

VEGF (ng/ml)

are averages of duplicate samples.
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VEGF - + + + + + + + + + +

o-VEGF Ab (pg/ml) - - 002 01 05 2 - - - - -

sFit-1/Fc (ug/ml) - - - - - - 002 01 05 2 -
o-TGFB1Ab - - . - - - - - - - o+

B
10r Receptor ELISA

0.8

0.6

OD at 410 nm

0.4}
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0

VEGF . + + + + + + + + + +

o-VEGF Ab (ug/ml) - - 002 01 05 2 - - -
sFit-1/Fc (ng/ml) - .- .- . -
aTGFB1Ab - - - - - . o . . . s

Figure 2. Evaluation of efficacy of VEGF inhibitors by developed
ELISAs. General protocols for Ab ELISA (A) and receptor ELISA (B)
were as described in Figure 1. VEGF (5 ng/ml) was pre-incubated
with either anti-VEGF Ab or sFlt-1/Fc at the concentrations of
0.02, 0.1, 0.5, and 2z g/ml prior to adding to plates. In this,
anti-TGF- 81 Ab (1  g/ml) was prepared for Ab negative control.

control

Al

A2 X5 (Wound healing). 7] 24l ¥ H o
TA ol A AZE W ol whgkth(12). vk-$-2= melanoma
cell lineQ] B16-F1 A|EE 3x10° cellsiwelle] 52 24-
well plate (Becton Dickinson, San Jose, CA)oll vl k&l
th AlE7F AWE IS ulf 1000 «| tipeE Fo]
AAE W X PBSE 2¥ AlXsle] HolXl AEES
AA 3G e}, A E(rhVEGF, anti-human VEGF Ab, sFit-1,
SU5416)7} =315 1% FBS DMEM HA] & A Eof| Yo
+ 5 2~397F miekEdar, Y AHEF iR E LA
3] ok vloko] Bt 3 33 Fn]| 7 (<100 02 4
A7t A fEle BEE HEs A

B A A= (Tube formation assay). HUVECS 1%
FBS7} 3hsl M199 wiA]| & wA|sto] 64| 7F F<t star-
vation A]7] 32, 24-well plateol] ice-cold Matrigel (BD Bio-
science)= 250 «1# W& F 37°CollA] 30&7F ZF ).
Starvationo] Et 3oll 1x10° cells/well 2 A £2] E%
£ 933, A & (rhVEGF, anti-human VEGF Ab, sFit-1,
SU5416)7F =3t=l 1% FBS M199 miA] & ol 39},
124 7F &QF vkt F &3 An| A (<1002 F &
4 AEE Welen

Gelatin zymography. WEHI3 A Z2 2x10° cells/ml9] &
E & 6-well plateol] WolF31, A & (VEGF, anti-human
VEGF Ab)7} %315 1% FBS DMEM v | ol] 2] 484| 7+
wjeksl At AlE uiokel-S 7150 substrate gel sample
buffer®} =313t 3 1~15% gelatine] Z3+= 10% SDS
polyacrylamide gelollA A7) d5& At} Gels
2.5% Triton X-1002.2 A|&&}3L, 10 mM CaCl,, 0.15
M NaCl, 50 mM Tris (PH 7.5), 0.02% NaNs (wiv)E =3+
shal Qle wleF SkElol] Wt 37°Col|A] 12~ 2441 7F
vl ok} v}, Coomassie BlueZ 308~ 1A 7 3 A4k &
20% ethanol, 5% acetic acidE E33}= 24 koo

VEGF

Figure 3. Effects of VEGF inhibi-
tors on VEGF-induced wound heal-
ing activity. Wound healing assay
was performed using B16-F1 cell
line. Cells (3><105 /well) were incu-
bated with VEGF (10 ng/ml), an-
ti-VEGF Ab (1 s g/ml), sFle-1/Fc
(1 pg/ml), and SU5416 (1 pM)
in 24-well plates as indicated. Wo-
und healing was determined with
a light microscope (x100) after 3
day incubation. Arrows indicate
start line.
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VEGF ELISAZAZ &l 537}, 2 dFellA = AgEa
A A Al 3t &5 H7bH e AEskaat ki
o g Agtd ABERHA AAAE T4 F+
of] Aalo] H&Adol qlar, wt AT P4 FH
Aol = A8 5 7] wiFoll o] thzt Azt
g5 AAHel Zagt AA ot WA B dFoA =
ARG Ao A3tk 3k v X = VEGFE ®I1%
ko ZHAsHAl A 7 9= dhAl I ELISAE AN
ubslgieh(e]sl Ab ELISAEZE A1), HFH o2 sand-
wich ¥}l o & =gl ELISAY] 2A]%+E Fig. 1A U
EFt}. o] Ab ELISAE 200 pg/ml B X2 BIZEES &

+ Anti-VEGF Ab (0.5 ng/ml)

+ sFlt-1/Fc (0.5 pg/ml)

+ SU5416 (0.5 uM)

+ Anti-VEGF Ab (1 pg/ml)

+ sFIt-1/Fc (1 pg/ml)

+ SU5416 (1 pM)

ek AAE VEGFE e o Aske] dXel 29t
% VEGF & Aaetolof Foz B Aol 10%
Aol 314" VEGFE F433ieh 1 A3}, LR
o8 Agshe 05% Aetd A NS AL A2
FARE RIZFE 2 VEGF7F &5 et whebA] Ay
Ab ELISAE 27 A& oll EAlsh= VEGFE H13Hst
A AFE F Jae Holgrh £ 7412 2439
A Al Z el 2] 500 pg/ml A XS] VEGF7} Hu)gS 3
2k v dek(12). 2B ERE B ATl AdE Ab
ELISA= @9 o2 2Hls = VEGFE 54F 7 4
 IRES 233 AR 52 F1 e
oz oqm| Al VEGFE A st7] Sl = A
Aol -84 VEGF 84| 2 T3 ELISA (o]3} re-
ceptor ELISAE} Z19) & 7ubatgiet. ofoll et A =kt

VEGF (51

"‘:‘_\ .

+ Anti-VEGF Ab (2 pg/ml)

+ sFIt-1/Fc (2 pg/ml)

+ SU5416 (2 uM)

Figure 4. Effects of VEGF and VEGF inhibitors on tube formation by HUVEGs. Cells (3x10° /well) were seeded in 24-well plates
coated with Matrigel and treated with VEGF (5 ng/ml). Tube formation was determined with a light microscope (x100) after 12 h
incubation. To neutralize VEGF, different doses of inhibitors as indicated were pre-incubated with VEGF for 1 h at 37°C.
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A BEAE = Fig. 1Boll AlAskqict. HEFH o2 A&
A171 receptor ELISAY Ab ELISAS} B|S=3 W17 % (=
200 pg/ml)& H.SIch(Fig. 1B). 10% B 3] 4 Hol] 3}
H VEGF %= 05% Aetel 3]A NS A-g-3F 79
sk Al 7122 % 9o} Receptor ELISAY VEGF =84
(Fit-1)0ll Aeg+ VEGFE ZA s} Ab ELISAE L) &
Y 3840l ddrka & F grh

ot Al E AAIE B oA Hrtelazt
sl AAEAHA AAAQ] anti-VEGF Abel 84
VEGF =£-A|(sFlt-1/Fc)2] VEGFE] Alo] A T}E 9ol A
MREE F 74 ) ELISAR ZAbslgdeh. Fig. 2A0 4]
LR vk} Zho] anti-VEGF Ab®] A& 5%=7F 57}
3tol] whz} Ab ELISA Zk(410 nmollA 2] &3 = Zh)o]
tS "ol el 571% A2 20 ng/mle] anti-VEGF Ab
= | IAl VEGFel| 23t F3EE dFAvhe A
o|th(eF 46% FHAEAIZS). W elslo] AAISE sFit-1/Fc
T ASFE7F S7hEel whel VEGFO €8t F3 =7t
A JolzlthFig. 2A). 2#d] o] A%, 05 rg/mle]
TEONA FHEE 40% HE FAEAZ . 0|9 T
A= B e ok VEGFE F3H4]7]7] YallAE
anti-VEGF AbX.cl A4 W ko] 84 VEGF &
A7F 245 -S HojFu) gkA, receptor ELISAY 3l
5 e AglS A% vl Ab ELISA A3k}l Xk
@ el A3E #5313 chFig. 2B). o749 A=,
VEGF o AIA| 9] &% 7}oll receptor ELISA7} 232t
= A 3 HojFE
vlo] @ A FH & F3F VEGF A A H 7). YA A
Hix]o] A2k5 ELISA, 53] receptor ELISAE 7FH AL,
AAA, =& 9 E 5 VEGF JAAY] &5 F7)
st AHE 23 vk U o] WY Rte g2+
A el A AAZ NI A Ee| S v X]= VEGF
AAA Y] T A FrHeka & 5 Jick 9
vksli o|m] A3 vkl Zo] receptor ELISAO A &=
NAE wo] YAt LEA O F ELISAE VEGF2] A
EHAQ #Hgo] oby el WA ]l Hhg5 &4l
sk W ol 7] wliitelvh. whekAl VEGFS| &34
Zh-8o ZAFslo] ELISA Z3ehe] AuAl S WE
27} Sk B dFollA = E 7HA] vlol e = S
3] ole} e Pl el FAHoE A E okt

VEGF+= 4] %] -f-(wound healing) g 2] o8] w7
o A FHL A LR o] o] A FHZA 7k
A A ArH13). WA B AFo A A X foll o
3k VEGF &35 <A Had whgoz zAsidg
(14). Fig. 30l|4] K% VEGF (10 ng/ml)2 = elg 2%
39 Foll AlZ7} AA" F7ke] ShHAl E45 9l
t}. o] ul] VEGF JAAZ A2 anti-VEGF Ab (1 «
g/ml), sFlt-1/Fc (1 g/ml), and SU5416 (receptor kinase

= 2

oft e o

inhibitor, 1 «M)= 72| VEGFE X 2]3}A] ¢k control
Fro 2 AAXFE dAslgl. volr}, VEGFE]
EAQ AETH 715 # A (tube formation)
o] thell =43k v, 5 ng/mle] VEGFE 3 &4 dAke
Holom, VEGF JAAZ A-&% anti-VEGF Ab, sFit-1
[Fe, L8] 31 U416 ©] 3 A& AAIsSchFig. 4).
TFAH e & B anti-VEGF Ab2] 7% 05 ng/ml 5
SollA], sFit-1/Fce] 7% 1 ng/ml FEolA], 18]
SU54162] 739~ 0.5 1« M FXollA] VEGFE X Els}A|
-2 control +59] I PFA AEE HAdck o]
F 7HA mlele A S E3 =AE S ALH
VEGF AA|7} VEGFe] BE3HAQI 7e5 Alold
T Ao I, 2 A F-32 ELISA A rke}
H|2ehs & 5= A9k oy, F 7HA vlo|l oA 2
Hol 7% VEGF 72 wIZEE ELISA ol €4 ook
VEGF "17+%, Ab ELISA vs. bioassays : 0.1~0.6 ng/ml
vs. 5~10 ng/ml). wlebA] VEGF %5 Xl HX o g A
£-3lch bioassay .tk ELISA7E 100 B X w17b=7}
58S HojFEe) viAoz ukes B EF
off gk VEGFE] 3k zAstadch. tiAAlEE 4l
AERFH A oll Bodst= MMP-9S W3} (15), T3t
B AFA L F ol TGF- 513} VEGFE vl-$-2 th4]
A ZEFQ WEHI3E A538l9l-& wl MMP-9o] -u| ¥
= I3 vk QUrk(12). o] Al&HlE Agsle] anti-
VEGF Ab9] 3535 243 vl 1 pugiml FEolA
249 el MMP-9 ThA o] W& Ak SiThFig. 5).
o|o} - A= ShollA 7|8 7 71A] vlo] 47k
ol Artel dx|ghct. ulebA], VEGFe ]38 tj A A
E59] MMP-99] BF 3} o]of] tgl anti-VEGF Ab<]
F3aTE= AAE VEGFY AH&-5 Alofatais wl A
A Well Al ABERHPA S A8t 3 7HA 713
HojFrha & & ek

£

VEGF - + + +
Anti-VEGF Ab - ]

ProMMP-9 —»|
Active MMP-9

MV P -2 5 R ———

Figure 5. Effect of VEGF and VEGF inhibitors on MMP-9 ex-
pression by WEHI3 cells. Cells (2x10°% were incubated with VEGF
(10 ng/ml) for 48 h. The conditioned media were collected and
MMP-9 activity was analyzed by gelatin zymography. To neutra-
lize VEGF, anti-VEGF Ab (0.5 and 1 s g/ml) was pre-incubated
with VEGF for 1 h at 37°C.
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