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Anti-angiogenic Effect of Selective Epidermal Growth
Factor Receptor Tyrosine Kinase Inhibitor (ZD1839)
against Murine Renal Cell Carcinoma Orthotopic Model

Hea Young Oh, Soo Mee Kwon, Sun Il Kim, Sung Joon Hong

From the Department of Urology, Urological Science Institute and Brain Korea 21
Project for Medical Sciences, Yonsei University College of Medicine, Seoul, Korea

Purpose: ZD1839 (Iressa'") is a selective epidermal growth factor receptor
tyrosine kinase inhibitor (EGFR-TKI) known to block the cell signaling
pathway. However, the effect of ZD1839 in relation to renal cell carcinoma,
which is highly angiogenic, has not been reported. Using an orthotopic
model of murine renal cell carcinoma (Renca), we evaluated the inhibitory
effect of ZD1839 on tumor growth and anglogene51s

Materials and Methods: Renca cells (1x10°cells/10ul) were first adsorbed
in Gelfoam and were implanted into the balb/cj mouse kidney followed
by obturation with the agarose bar. Then, tumor formation was assessed
every week for 4 weeks. ICsp was obtained for ZD1839 and genistein in
vitro. 7 days after the implantation, the mice were divided into three
groups, and normal saline, ZD1839 (40mg/kg/day), and genistein (80mg/
kg/day) were subcutaneously injected for 14 days. 21 days after the
implantation, the mice were sacrificed, and tumor volume measurement
and analysis of microvessel density (MVD) were performed using the
factor VIll-related antigen and vascular endothelial growth factor (VEGEF).
Results: Renca tumors, which formed in the renal parenchyme and had
a circular shape, reached the peak growth velocity between 14 and 21 days.
MVD was the highest at 14 days of implantation. ICsp for ZD1839 and
genistein were 4.68_M and 5.43uM, respectively. Tumor growth after the
treatment with ZD1839 and genstein was inhibited by 86% (p <0.01) and
49% (p <0.05), respectively, compared to the control. MVD of ZD1839 and
genistein-treated groups were 50% (p<0.01) and 29% (p<0.05) lower,
respectively, and VEGF levels were 24% (p <0.05) and 27% (p <0.05) lower,
respectively, compared to the control.

Conclusions: This orthotopic implantation method of the Renca cell is an
effective model for demonstrating the effect of an angiogenesis inhibitor.
Our results suggest that the anti-angiogenesis effect of ZD1839 in the Renca
orthotopic implantation model partially contributes to the tumor growth
inhibition, and that ZD1839 may be more effective than genistein in the
tumor growth regulation through the inhibition of angiogenesis. (Korean
J Urol 2004;45:255-262)

Key Words: Renal cell carcinoma, Pathologic neovascularization, ZD1839,
Genistein
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AAEGE AA g FFY 23%, AFE 85%5 A
A8k #xk9] 20-30%7F 7] Ak A ojn] Ho] AHS
Hth! =& "ol A] 71E9] AWt X 5ol = AgE Hol
22 2 AEHY sl "ttt I AA xSt
qNE dEAAT ANYEZEC] F748H° 53] vas-
cular endothelial growth factor (VEGF)2] mRNA && &Fo]
7haat mebs R e dAe AAEYY 44 A
ol AT & = AFHAQ Wyel 2 & Aok 71E
&2 7 tyrosine kinase inhibitor®] Y43&<1 genisteinS 1A 3E
%+ M3E<2] VEGF mRNA$} basic fibroblast growth factor
(bFGF) mRNA &S A gths Bar} glom! g3 <l
@A oA &2 TNP-470 murine renal cell carci-
noma (Renca)@} €14 AA|EQF M E o]2] o] Fok A3
7} Ao] AAE KHoF 1 T} ZD1839 (Iressa)= specific
epidermal growth factor receptor-tyrosine kinase inhibitor
(EGFR-TKI)Z EGFR kinase &2-9] ¢14+3} uk-3-& 73}
o] EGFR, ras, raf, mitogen-activated protein kinase (MAPK)=Z
ojojA & AT HY JEE Adst] AEFA A, AE
F7] A9, AEZDAE G230 EGFRY 4 v
VEGF, transforming growth factor-a (TGF-q), bFGF, Interle-
ukin-8 (IL-8)9] A4+ 745 freste] Aol Fase
b, 2 ZD1839% A¥ o7 EGFRY o]2]§ 7] Ao
Aoz AT FA) ZD1839E Hl &M EH ¢
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EoM dRABED S JAlste A2 LI genistein
= 0]8-3}o] GelfoamS ©]-23F Renca 54 ©]
4 A ZD18397F F% 4% 2 dRAA ] mAE o
g Aurux s}

R
L ME B

Renca A|ZFE= S A XF 23 (Korea cell line bank,
Seoul, Korea)oll Al 743t eH, A EE 10% $Ejold A1}
penicillin-streptomycin®] 323 eagle’s minimum essential
medium®] 37°C, 95% air, 5% carbon oxide 7oA wj &3}
o 90%7tA Ak MEE dof thy AP o]&HTh

2. Renca S O|A|E! Jjdt

71E&9] o] W= 2 Gelfoam¥} o/t Z2 Q2 E o]
&3t ofFe} T2 WHE ;eI AT W2 1.5x1.5x
3mm, 3.5% ©}7}2 2 = (BMA, Maine, USA)<} 1.5x1.5x2mm,
Gelfoamg 4% AJEjolA WHE F Gelfoamo] FFAZ
Renca A|ZE HIEAHWAZ 0.1x10%ells/l7} H == 34
stk sl e AEd 100E FHE Gelfoamd] F5A1A
oh2]F 1x10'709) A Z7F AYEHES stk FAE A
5 1.5mm®] W7 (14 gauge)? D7t 3 JEE AF
Aol At R 7k 2SS ST FAL] AFAFH o}
N2 A, AEF7F 49 Gelfoam A2 ¥ 49 A
A D& Aol Bt AP T ES 8FF balbe FA
v}-9-2= (Jackson Laboratory, USA)E ©]-2-3} %1 140mg/kg
AEFY (Yuhan, Seoul, Korea)Z} 1.3mg/kg A EH (Bayer
Korea, Seoul, Korea)S &3 &3 nl3sl4t! = a v e
Afete] =E2d J5 A9 94 st FAVIE AS
3o Gelfoams U
3-3FA} (Ethicon, Edinburgh, UK)E A7l 95 2-gs}
o] 4] 7, 14, 21, 259 ¥l 7, 11, 7, 5ut&) & FYAIA F -
Z RS AASt EadAdT AF Dol 77t Bt

At
3. Renca MZ2| IC5 &H

96 well plate®]] 100pl Renca A E 9 (1x10%cell/ml)S &3
sFe] 24412t 52 37°C, 95% air, 5% CO, 27N A wlF &,
old] F X9 ZD1839 (AstraZeneca, Cheshire, UK)$} genistein
(Sigma, Steinheim, Germany)=- 100p%) F335l9 ) 59 &
o v %k 3 20pl CellTiter 96° AQueous One solution reagent
(Promega, USA)E FH7Iste] 14]7F &< wH-gAH O
Tetrazolium compound”’} WA EZQl formazan® 2 735
™ &35 =74 7] (Molecular Devices Spectra Max 340, GMI,
USA)9 2% SOFTmax Pro 40 o] £3}e] 490nmol A &
FEs SAAT ICso T 22 345 o] &, AE
AEZANAM 50% dAs=2 AAQ3HTh %nhibition=
{(Mean absorbance of wells containing drugs-Mean absorbance
of background)/(Mea-n absorbance of wells containing only

medium-Mean absorbance of background)}x100

4. ALY = AN 2™

Balb/cj PF-9-25 919 Y3 WHOE o)A F& F,
Z (3vHe)), ZD1839 Tl F (57ha]), genistein o (57F
ho g BF3ATh ZD1839%} genistein> dimethyl sulph-
oxide (Sigma, Irvine, UK)ol &3]3l HFF=9 10%7} %
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452 A 09% NaClZ 3439t < 79 $HE
ZD1839 (40mg/kg/day),” genistein (80mg/kg/day)"*S 1 &
24, 15l 59, 149 < 242 0.1ml, 0.2ml1¥ I3}=
239 EZF A+ 0.2ml normal salineS F35F%
o rk2e E A8 F - 95 RS HEs AR
#o 3 A st TEwdAT A QLo B}
Ak T4 #u= o
o 971 222 vetd
(H&E) A3}t

Tumor Volume (mm®)={Length (mm)xWidth (mm)’}/2

7 o] AAENA, xEEHY
= A2} ¥, hematoxyline & eosine

5. Microvessel density (MVD) =%

Z2] £Eo|EE xylene . 2 32t A E A5
3ttt W92 3sY ML immunohistochemistry de-
tection kit (Innogenex" ", USA)S A28tk 37°Col A 5%
B WMo 2 HE)sia, PBSS B2 B Hojd ¥, 4
2olA 52 FF 3% s AE AP stinh oA Al
Sha Ao A 5 TS AR Aed -, 4°Coll A 24
AIZE 59 1:1002.2 34 st Ab (polyclonal-rabbit, anti-
Factor VIII-related antigen antibody, Innogenex )= #2315
t}. PBS-0.1% Tween 202 A 1L 37°CoA] 5% &<t biotinyla-
ted goat-anti rabbit antibody 2 * 2] 3} th. Al 2 3}aL 37°Col)

Al 5% &< streptavidin-horseradish peroxidase conjugate@
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212 84tk PBS-0.1% Tween 202 A ol 11 AEC substrate
SAS 158 5 A3 H . Hematoxylin th= G4 &
o} E (Lab Vision, USA)Z 1A%t 8 &eto]| oA
(x200) H2 dHo] #FH 5% HoA microvessels2]
%threshold area (%Th area)E MVDZ =73} $1t}. %Th area
= 4 Y99 94 =7] W th3F microvesselsS] HH
H]& 2 Meta Morpho (Universal Imaging, USA) 213 9]
integrated morphometry analysis }'H-S ©]-83}of =3}
o} 529 9] %Th area®] H-S T3k, o] H s H4S 39
whEste] Al gholl gk HaS ek ith

6. Vascular endothelial growth factor &3

1/2 212 229 5000 RIPA lysis buffer; 50mM HEPES
(USB, USA) [pH7.6], 150mM NaCl (Sigma, St. Louis, USA),
1% NP-40 (Amresco, USA), 10pl/ml phenylmethylsulfonyl
fluoride (Amresco, USA), 10pl/ml aprotinin (Sigma, St. Louis,
USA)E ¥ TASAIAT 20°Col A 1A B3t 1EE-A]
71 & %2531 #2359 (Ultrasonificator, Misonix, USA).
g %, =92 BCA protein assay kit (Bio Rad,
SRS ettt A4 229 VEGF 9
Z=43}7] 9814 ELISA kit (Quantikine™ Murine,
Bio-Rad Laboratories, USA)S ©]-&3}o], A4 F o2 A FF
T 249 Py AAYS 450mol M FHES A3

200 -
180 - *
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140 -
120 - .
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3
Tumor volume (mm’)

0 hd T T T T 1
0 5 7 14 21 25

Days of post-implantation

Fig. 1. A: Photographs of sliced mouse kidney tissues at each time points. 7, 14, 21 and 25 days of post-implantation of murine renal
carcinoma (Renca) cell. B: Plot of mean tumor volume at 7, 14, 21 and 25 days of post-implantation. Value is mean+SD. *: Significantly

different compared with value of previous day at p<0.01.
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% th (Molecular Devices Spectra Max 340, GMI, USA).

7. SHEM

[L S |

e B £F 92 YW, Q2T of
7Fo] vl = SPSS 2 1 9] Student’s t-test B
AL Fo FFELS p<0.052 HEAh

| ot

|
(=)

S2 0l 2Ye

Am

1. Renca M|

Renca A7} o] 218 F 30v}e] 5 28wk ol AlA 25 4l
z}o]] o]-oi /\“1]40]’4 Agx-lo] cﬂgo} ok 93%94 %29
TE ATES At T2 I4 st APHAL F
G B AZ Atolo] AAMe] B 78 S HAY
o]t} (Fig. 1A). ©]4) 5¢ Fol|= Gelfoam ¥ X & o] &
WotAl ®stE 7] AFeH 79 $o TS Rye o
10.1mm’©] Q1 3L, 14 Fol & T 20.7mm’°] ATt 14Q ©]
Tole T%Y Aol 7HEstE ol 219 FY T Fu
97.6mm’°] %1t} (Fig. 1B). °] Al7]o] #r|FFHog2e & A
E7F Aol A FREA O T AR 21T HAS
U Setd e dAr|A o2 e B A2 dole
th H&E 94 23, 7499 149 Zoll= A2 23 B973
Holw AAA 7L A FAH P 219 Foll=
- A3 gGYEAdS Holn 2
Bt} Factor VIII ¥& &)

iﬂ

)

H
rr

6.5+1.5%Th area= WAZ:}O] X}-O]E _H;_gat:}(p 2]
?— 17P°l AL fﬂ#“‘tﬂ S7kstaL o4 214 ﬂHoﬂ%
%

2. ZD18390{ 2|5t Renca A& g1} =A

1) Renca MZZAIX| S0} ZD1839+ Renca Al| 3ol Uj
3t 1-50iM HY A % B Z O E Renca A|E =42
S JAITFA L, ICso> 4.68uMO] AT}, Genistein= 5-100uM
Hejoll A % HH A O 2 Renca AE F24& AASFALL
ICso2 5.43uMo] At} (Fig. 3).

2) Renca A‘";‘T’; %_/I\_ ol/\l EI:-IIO| ZF_OtA-ixl-o-Ix.” _§_J_l|‘ }\1 —aq

FEESL o8 Fo] 7)7F 59 ZD18399} genisteinol] T
S AFAE HolA] Bk Ead T Abol <]
22 W3 Hole §9Ao|x &grt) ZD1839 Fol 9]

o
facAEy

&O—Q‘—{EHO}«N
&

rlo

4 2ue gzl ety 86% A g 9.1mm’

0.01) (Fig. 4), ZD1839 ¥ 5utg] & 21} 9
E 747} 23mm’, 2.6mm’Z wj$- e Aoz pF
D1839 Fojt 5ute] 2 5o A Renca A X7} ]2
5 o= AR} v Wl o]Nﬂ H= A# =277}
AAA o7 Hadhe S EAT Genistein T2 3
T FF B9 gzl drlst 492% A% 33.2mm’
o] 2t} (p<0.05)(Fig. 4).

3) =AstA ZhE A factor VIIT 2HH
microvessel density S5: 282 #%
AT EC] BHE At T Dol
t}. ZD1839 Fojt & TEs X8 3
T&e Jolgvt ofd Fe #HE o) F
2 o gdojgjrt A W AR gte HlEo] FElo
. MVD =4 23, dZ2FL 3.1+2.0%Th area©|
ZD1839 F o2 1.5+0.9%Th areaZ ™l FoHoz v
Skl (p<0.01), genistein TS 2.2+1.0%Th area® T} (p
<0.05) (Fig. 5A).

4) Vascular endothelial growth factor S= =H: J4 v}-$-
22 2% A 9] HiF VEGFS 32 96.2pg/mlo] il U &
2 166.8pgmlE B4 2o 17 E AEE =9 (p<
0.05). ZD1839 Foj2] H 1 VEGF 4% 126.6pg/mlo] 3L
th 279 0.768] =2 Sk t) (p<0.05). Genistein FoJ 7+
9] W VEGF FF2 121.4pg/mle] L =79 0.738) 4
T2 Yeko} FoFFELS ZD1839 FojFol Hlshe] vl
t} (p<0.05) (Fig. 5B).
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)

o

Fig. 2. Factor VIII-related antigen immunostain in implanted left kidney with high microvessel density. A: Microvessels are found around
tumor (x40), B and D: Hot spots are located in epithelial cells (x200), C and E: Negative control (x200).

o o3 AN ES FEA H} £ (proliferation), ©]% (migration), & Bl &4 (morphogenesis) S
| & AAE AA A T AES] 7]A Ea A, FANNLS Aolotx W3 Beo] grk?
A g g EZAES] YT AX 3 o5 54 TGF-a9} 22 EGFA f-3A & A%, A4 A, o, /4, bl
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Fig. 3. Growth inhibition by ZD1839 (A) and genistein (B) with various concentrates in murine renal cell carcinoma (Renca) cells.
%Inhibition is percentage dividing mean absorbance of wells containing drugs by mean absorbance of wells containing only medium. Each
point is mean of two experiments performed in eleven replicates. *: Significantly different compared with %inhibition of control at p<0.05.
i Significantly different compared with % inhibition of control at p<0.01.
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Fig. 4. Effect of ZD1839 and genistein on tumor in murine renal cell carcinoma (Renca). A: Macroscopic dissections of non-implanted
right and implanted left kidneys of balb/cj mice treated by normal saline (a), ZD1839 (b) and genistein (c) for 14 days. B: Tumor volume
of ZD1839 and genistein in murine renal cell carcinoma (Renca) orthotopic model. ZD1839 and genistein are administrated from 7 days
post-implantation of Renca cells and continued for 2 weeks at subcutaneous dosage of 40mg/kg/day and 80mg/ kg/day, respectively. Mice
are sacrificed at 21 days post-implantation and tumor volumes are measured. Value is mean and SD. Ps are calculated by comparing
means of the each drug treated group and the vehicle treated group using the Student’s t-test. *: Significantly different by p <0.05. i
Significantly different by p<0.01
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Fig. 5. Microvessel density (A) and vascular endothelial growth factor (B) level in implanted left kidney of mice treated by vehicle, ZD1839
and genistein. %Threshold area is (microvessel area/background area)x100 in one image of factor VIII-related antigen immunostain. Value
is mean and SD. Ps are calculated by comparing mean of drug-treated group and vehicle-treated group using the Student’s t-test. *:

Significantly different compared with vehicle at p<0.05.

" Significantly different compared with vehicle at p<0.01.

¥+ Significantly

different compared with normal at p<0.05. p-Values of ZD1839 and genistein in B are 0.03 and 0.05, respectively.
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