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Abstract :
efforts are being made to develop anti-angiogenic therapy. To date, however, no anti-

Since angiogenesis is essential for the growth of any solid tumor, emerging

angiogenic agent has become widely available in clinic. Angiotensin-I converting enzyme
(ACE) inhibitors are commonly used as antihypertensive agents, and have recently been
suggested to decrease the risk of cancer. Here we show an ACE inhibitor, perindopril
appears to be a potent inhibitor of tumor development and angiogenesis at clinical doses,
whereas angiotensin-II receptor antagonists do not exert such an inhibitory effect. The
potent angiogenic factor, vascular endothelial growth factor (VEGF) is significantly
suppressed in tumors by perindopril, and it also inhibits VEGF-induced tumor growth. Iz
vitro studies showed that perindopril is not cytotoxic for either tumor cells or endothelial
cells. Since perindopril is already in Widespread use clinically, it may represent a potential

new strategy for anticancer therapy. (Z5EEzE. J. Nara Med. Ass. 51, 369~380, 2000)
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Fig. 1. Construction of the tetracycline-regulated retroviral-mediated VEGF expression
vector. The vector contains a tetracycline-controlled transcriptional activator (tTA)
and tetracycline responsive element (TRE) in the opposite direction. Human VEGF
cDNA was cloned into the multicloning site of the response unit. The transcriptional
direction is indicated by an arrow. LTR: long terminal repeat. Puro-r: puromycin
resistance gene. SV40: simian virus 40 enhancer/promoter. CMV : cytomegarovirus

enhancer/promoter.
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Fig. 2. The effect of ACE inhibitors on HCC-tumor
development. ACE inhibitors (perindopril,
temocapril, and captopril) were administrat-
ed by gavage once daily at 20 mg/kg/day
from 3 days after tumor inplantation. Each
point represents the mean+SD (n=7). % and
* % represent significant differences vs. the
control group at p<0.05 and p<0.01. 3* % %
represent significant differences at p<0.05.
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Fig. 3. A: The dose-ranging effect of perindopril on tumor development. Perindopril
was administrated by gavage once daily at dose of 20, 10 and 2 mg/kg/day
from 3 days after tumor implantation. (n=7) B: The effect of perindopril on
the established-tumor development. Perindopril (2 mg/kg) was administrat-
ed when the mean tumor volume reached 94 mm?®. (n=7; control group, n=

6 perindopril-treated group).
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Fig. 4. The effect of perindopril and angiotensin-1I
type-1 receptor (AT-II-R) antagonists on
tumor development. Perindopril and AT-II
-R antagonists (candesartan and losartan)
were administrated by gavage once daily at 2
and 20 mg/kg/day from 3 days after tumor
implantation. (n=6 perindopril group, n=5
AT-II-R antagonists group).
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Fig. 5. The effect of perindopril on iz vivo neovascuralization. Tumor vascuralization was
visualized immunostaining of CD31 vascular endothelial adhesion molecule. (A) BNL
-HCC control group. (B) perindopril-treated (2 mg/kg/day) group. (C): Semi
-quantitation of the length of CD31-immunopositive vessels. Cont: BNL-HCC con-
trol, PE : perindopril-treated (2 mg/kg/day) group. Data represent mean+SD (n=5).
% *krepresent significant differences vs. the control group at p<0.01
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Fig. 6. The effect of perindopril on iz vitro neovascuralization. In vitro angiogenesis was
evaluated by endothelial tubular formation. (A) BNL-HCC control group. (B)
perindopril-treated (2 mg/kg/day) group. C: Semi-quantitation of the length of
endothelial tubular formation. Cont: BNL-HCC control, PE & perindopril-treated (2
mg/kg/day) group. Data represents mean+SD (n=5). 3 *represents significant
differences vs. the control group at p<0.01.
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Fig. 7. Effect of perindoprilat on iz vitro proliferation of the BNL-HCC cells (A) and
the endothelial cells (HUVEC) (B). Cell proliferation was measured by the
MTT assay after harvest at 24, 48, 72 and 96 hours. Perindoprilat was added
into the medium at 1 and 100 M. Each bar represents the mean=+SD of three
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Fig. 8. The VEGF expression level in the tumor.

Cont : control. PE: perindopril treated-group
(2 mg/kg/day). VEGF level and ACE activ-
ity was measured by ELISA, using duplicate
samples. Data represent mean+SD (n=6).
* skrepresents significant differences vs. the
control group at p<0.01.
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Fig. 9. Regulation of VEGF-mediated tumor devel-

opment by tetracycline in the Retro-Tet sys-
tem. VEGF-ON : VEGF-overexpressed in the
Tet-VEGF-HCC cells. VEGF-OFF: VEGF
expression was suppressed by tetracycline in
the drinking water (I mg/ml). Perindopril
was administrated at the dose of 2 mg/kg to
the VEGF (+) group.
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AT-1l oM AREER D 522, AT-1I D MEH
Er T AFREF L LT, Bl AT-I AR EH
HRFCTHBH VEGF OEATFIMT S L v 5HkErTk
T3, HEZ TS OMEFERTFILRE R
nTWBA, 205 H VEGE 3% b 51 fa i & H LR T
Thh, MEFECHTHLRBREZE - TW5BE
EREBRT WA, VEGF 1132-42kd D~ ) v
SEBRED, B S L CEEYRT, Zhibk
HELEEZBATHY, alternative splicing iI& X h ##&E
DRIfEE R, HWIEEBRFTHS VEGF i1, &
A& 3 V050000 5L LD v S A CTEMME BB T B
BB RE S T3, EBREFABHPE T,
VEGF 0BEFEIESFRE 2HR L, VEGF 0#iflc
I VEEXRENEEIND Z NS OEHRI VRES
T\ 5230, EREVEGF 13, & P CRT B4 E 4
T OEHBNC I W CEHLRBEMAIRD bh, Lol
THSCTHEMBIT 5 & SR TW5%909, b R
BT h, VEGF REENC I THEZE 7t £ OIEET
CHRTEDRENEWFCHEML T B Z EBRESh
T 5893030 X 512 VEGF R HERT & LTOE
Boxicbt, MENRMEOEFICUHETH D \VHE
% survival factor TH 5 Z & BRI N TV 53, KIS
TRWT, EEIZY) VY FFI ek b ACE OFEEH®
BB o VEGF ol L BT 5 E X R W2 L. &
bz, BEFEAR X VELII VEGF K X 2[EEOHE
ME=Y) Y FFYARNRENHTAIEIHELNE S
fo. =YV F 7Y AREERNO MEF A 2 ZF IS
B8, in vitro TRF 5 HCC, EC OEFEICH LTI
BLE 2w E W MMOERERE Db TELD L,
=YV FFYAREEADO AT-11c X 5 VEGF 4%
WElTs e X 2EERETNHOREZREL 5D
DEEZ LR, SEIOERICE T, A7 TV,
FEHFIN, YV E T Y L0LTD ACE BHEHIA
EBEXRERCMESELIHT2EIRI A, 05
BHRY Vv F T Y, o 2 FE X b IR e IHER
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R LI, ZOEHRBERIESOWTIISERORAREET
HBH, YV YFT)VIKBHEOERTHY, Thic
X LABORFNIIRAEIRR T/ E ShTwb. BED
BEER T B\ TR E X 0 & IREYE 0 1 E
HRFEBANDBITRRIFTHHEIhTWB. D
72T, MR ERN T, Bl X b @RS
BIRBHER I 0 3115 R L S ABEYE 2 EE
SEBHRNILERT =+ VERE RN, <) v
F 7Y v iERCRE, BRI BreBgT =4V
LB EINTVWD. ZOREDIRNY VY F 7Y A idflio
2EA L AFEH L CEWBEIM2ED, FoOBRF
BEEATEREE > TV BAREENAE WL Ebhb.
Mz T, ThboEHOEE LOEXELBEELTW5LE
bhb. A7 7Y AR FOBEENIE SHERBF LT
A%, T SH ZFiTmEH A& EE /s matrix metallo-
proteinase (MMP){E ¥ D #IHI LB 2 + v 2 DF5#,
ARMEOEHERERTFTHET7 VIR LTV OELE
BREDIEREET B L b, RH O MBS ERER
ACE EHEDHE TR, ThHDFARI B EE 2D
nTwB0, —J, o ACEFHEHThBFT 7V v
13, ENERERERO YV FEF ALK THEH &Y
PIRET HELRRZIN T3, U ko X 5ic ACE
FEEFID MEFEMEE R, AT- IO 5EE25
hadon, ExDEENC X 2EBIEANRLS Z L2
MEIIhSE., <) V7Y R BsIEe S oEEREl
TERMEE A E TR, BREHELT100 » B ETE
FHINTCVBEFTHS. AR TRY VS
Y VHERE I B\ T b BB e EHERERY 4 > BEE
HFIRREBDIC LI DY VN 7Y LD
%, PLLEFAER L L CONROEEKRIGE O TREM: 231
HIhs.

& B

~ v AEEERE N T 5 ACE FHEH 0% 2 H
L, UFofERE2E L.

1. =2 FHERBTCRH LYY F A YL, F=
BT YN, AT LTV A0 ACE BHEFIIES LEESR
BOHFDREREDI. TOHRTRY vV F 7)Y AidHEDd
BMCHIHIZIRZR L, ZOIEAIR 2 mg/kg &\ 5 {ERAE
ERBNTHBDLRI. EBIE, RY VY FTY)ADEE
MRS, T TCEEITDCHE LB s 2
ALTHRE Db, Zhicst L AT-1I-R #EHAIE
BREERBIH RS b - T,

2. XV VY FT YL in vivo, n vitro W\ TR
RMEFAMEERA 2R Lic. ZoMEIfERE, ~v v

7= B

F 7Y v EC OBFERRICH L&Y B 2 e o2 &
Ih, AEAMRCHT2EEDRICI b0 TRRWE
Ezbhie ¥V V7Y ARFEERCH LT,
ZTDOHIERE B R F 2 Iah o o,

3. BEBENO VEGFEBEIZ~Y v F 7Y A5 ic &
hERIES L, VEGF BE & ACE 0fAEER 1%
B TcHHBIL D b T,

BEXb, =y v 7y roEEREHGHSRIES
W VEGF il L ¢, mEFEXAET 5 & & ickER
T35 EDTRE IR

(KX DEEDO—IIL, #E 58 MANEELBE, #3
[5] B RFFIESE S K, 58 36 [ H A EFABE T BT
RELK.
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—B 7o b O 1 SRR E R EEHER RS
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