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Abstract

The recent discovery of angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) has provided novel
and important insights into the molecular mechanisms of blood vessel formation. Ang-1 helps
to maintain and stabilize mature vessels by promoting interaction between endothelial cells and
surrounding support cells, e.g., pericytes. Ang-2 is expressed at sites of vascular remodeling
and is believed to antagonize the stabilizing action of Ang-1. In the presence of vascular
endothelial growth factor (VEGF), vessel destabilization by Ang-2 has been hypothesized to induce
an angiogenic response. However, in the absence of VEGF, Ang-2 leads to vessel regression.
Although the exact role of the angiopoietin/Tie2 system remains enigmatic, the available evidence
indicates that the angiopoietin/Tie2 system in the presence of VEGF is important for the
initiation of angiogenesis and for vascular sprouting in tumor.

The role of angiopoietin/Tie2 system with VEGF in epithelial ovarian cancer has been
revealed by molecular biological analysis. A new insight to understand the biology of epithelial
ovarian cancer might lead to development of a new molecular target therapy for epithelial
ovarian cancer.
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Fig.1 Schematic presentation of tumor
angiogenesis. (quoted from reference 1)
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Fig.2 Hypothetical role of angiopoietin-1
(Ang-1), angiopoietin-2 (Ang-2) and
vascular endothelial growth factor
(VEGF) in tumor angiogenesis (EC:
endothelial cell, PC: pericyte, FGF:
fibrocyte growth factor). (quoted from
reference 4)
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KIIZHEAET B tyrosine kinase receptor Tie2®
ligand T 5. Ang-123Tie2lZkEE&7 5 LMEW
BRIRE D A U IZpericyte/S % L THLE DR EAL
%33 (Fig. 2a). MIZAng-223Tie2lZkEE& LTz
BAIT X v &N Mg & pericyted¥iZ 41
T, MEPARLEELY, vascular endothelial
growth factor(VEGF) #1E T T I & #r 42 03
# S (Fig. 2bc), VEGFIEHFE T TIXMEH4E
MHEBEIND EHEINTWT, Angiopoietin/
Tie2 signaling-VEGF system!Z &% 12 B1) 5 I
EHE Dinitial stepTh B & & AL & 2 &
RoTNBYY,

AR TIIEZE BT TV B EIL MR R R %
% &z U R IN B 12 31F 5 Angiopoietin/
Tie2 signaling-VEGF system® 154 ¥ 22 1%
ENZONWTHHT 5.

1. SRBIZIIT 5 A BRI A 2k L i & Ak
TDAng-1, Ang-28 X UTie2 Bz TFHBD
HE

Ang-1 —»

f2-MG —>

- 159 bp

- 120 bp

-181 bp

120 bp

Fig. 3 The representative angiopoietih-1 (Ang-
1)(A), angiopoietin-2 (Ang-2) (B), and
Tie2 (C) gene expression by RT-PCR.
(Lanes 1 and 2 : normal ovary with
corpus luteum, Lanes 3 and 4 : ovarian
cancer, B ,-MG: B ,-microglobulin)
(quoted from reference 7)



Angiopoietin/Tie2 signaling- VEGF systemi&
EHRNIZBTSEHENNEFECOEETS L
ENTW3Y, 22T, SRICRIT 5 EHKIM
B (EEER) CHRMIMES4 (LM
BUE) IZBWTAng-1, Ang-28 X UTie20#1ZE
THBUTENDRD B P EPICONTHRF LT, #
BRI, B AEATHIEFRIE, SNEYEHEEEH
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WTAng-1, Ang-28 X U'Tie2®mRNARIIZD
W T B ,-microglobulin #inner control & 3 ART-
PCR%47- 7z(Fig. 3). &5, Ang-1, Ang-2
OmRNADFEATRN, Tie2?JHEIZBEL TiX in
situ hybridization (Fig. 4) 3 X UM @ik 3
& (Fig. 5)IT L W Fm L 727,
Ang-ImRNAFSBIXIE 7 5B Tl ON BRIE I kb

Fig.4 In situ hybridization analysis of angiopoietin-1 (Ang-1) and angiopoietin-2 (Ang-2) expression
in a section of corpus luteum (CL) and of an ovarian cancer. Transcripts for Ang-1 were observed
in corpus luteal cells and endothelial cells (arrows) around CL (A, original x 100), and in tumor
(T) cells and endothelial cells (arrows) at the periphery of tumor (T) invasion (C, original x
400). Ang-2 transcripts were expressed in the same patterns (E, original x 100: in a section of CL,
and G, original x 400: in a section of a ovarian cancer). (B, original x 100 and D, original x 400:
Ang-1 sense-control hybridization, F, original x 100 and H, original x 400: Ang-2 sense-control

hybridization). (quoted from reference 7)

A

B

Fig.5 Immunohistochemical staining for Tie2 in a section of an corpus luteum (CL) (A) (original x 50)
and of a ovarian cancer (B) (original x 100). Arrows indicate endothelial cells at the periphery of

tumor (T) invasion. (quoted from reference 7)
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Fig.6 Angiopoietin-1 gene expression in normal
ovary with corpus luteum and in ovarian
cancer. Horizontal line indicates the
median value. (quoted from reference 7)
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Fig.7 Angiopoietin-1/angiopoietin-2 gene
expression ratio in normal ovary with
corpus luteum and in ovarian cancer.
Horizontal line indicates the median
value. (quoted from reference 7)

L CTHRIZE»> 22 (Fig. 6), Ang-28X O
Tie2mRNARBIZIZZ D X 5 RERITED b
Wirof., £/, Ang-lmRNA/Ang-2mRNA
ratiold JN B A3 IE # SN BT LN THERITE» -
7 (Fig. 7). &5z, EHIEIZH VW TAng-
ImRNA%¥H L Tie2mRNAZH & ORICHERE 2
IEDOMHBEAMR &7z (Fig. 8)24%, BHEIEICBNT
RO N2 o, —F, IEEINEB XU
B L D IZAng-2mRNA¥H & Tie2mRNAFHL
EOMICAEBERMBEBERIZBD N o T2,
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Fig.8 Correlation between angiopoietin-1 gene
expression and Tie2 gene expression
in normal ovary with corpus luteum.
(quoted from reference 7)

Ang-1, Ang-2& b ICEAMM, EEBBEOME
PRI, DRI, BRSO REICEET
BIMENEMIETEEIN TS Z LAHIAL

(Fig. 4) . Tie2idH & BR O If & AN B fifG,
SRl OB ICHEET 2 MENKMKICRTET S
T LW S L 72 72 (Fig. 5).

PlEXy, EFENEECIHEEIZBNT,

Ang-1, Ang-2i%, MEANKMNICEET S Z
MDreceptor T 5 Tie2llparacrine, autocrinell
RT3 enExbNS, £, WERTOE
WTE R IR: A B I B 87 4 Tl Ang-10ERIZ X
Y pericytelCHIT b SN LE L & RS S
Hn, EERMEIIEE OB OWRMIME R £ TikAng-2
DAng-LIZH T 2 RFEB DD, pericyte DiTT
NTEARLETRARIMES M T DL LRI
Tz.

II. Paclitaxel (Taxol)®Angiopoietin/Tie2
signaling - VEGF system~® 3B/ 1{EH]

Taxolld: L4, LEMIIEBIZHL TRDEH
MU THBEINTWBHEHO—DOTH D
O 20—, EBMPIZRICEV TTaxolid
MEFEMFERZAET LI LPWHL R LR
TETWS ", ZoMEHEMEEMND 2 A
= AL L TRk A 2SR HD 505, Taxol
?Angiopoietin/Tie2 signaling - VEGF system
~EETREEIHL N TRY, 22T, kRt
BB PR KE (35 128 23 Bh i R K 2R it
ABIETE S X v TR iTxtd % Taxol#fh 23
Ang-1, Ang-2, VEGFZRIUTIIZHET 20



IZOWTRE LY,

KFiz2nM( IC50; 4.65% 0. 35nM® #7 40% )
TaxolZz# XL T 5, HFEMI68h#k T
quantitative real-time RT-PCR (ABI PRISM
7000 sequence detection system% fl\\ 7z,
GAPDH #inner control & 3 2 multiplex#) T
X V&M L7z Ang-1mRNAF B X controliz kb
gL THEIZKE T L (Fig. 9a), Western blotiZ
BWTHRIBEZRERTH - 2 (Fig 9b). Ang-2
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Angiopoietin-1 gene expression (% control)

Control Taxol

Angiopoietin-1 gene expression by
quantitative real-time RT-PCR at 168
h Taxol exposure (Taxol) compared
to control. Values are expressed as
means + SE (bars) (n=3). (quoted
from reference 13)

Fig.9a
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Bz OV Tldreal-time RT-PCR, Western
blot & ¥ TaxoliEfh24-168h# CHEAREILIX
BN oT, E£l, TaxoliEfll168htk i
BWT, Ang-lmRNA/Ang-2mRNA ratiold
controliZ b L CTHREIZIE T L 2 (Fig. 10). &
51z, TaxolBEfit168h#£12B T, VEGFmRNA
¥ BliXcontroliZ b L THEICIE T L (Fig.
11a), ELISA(Quantikine Human VEGF
Immunoassay; R & D Systems, Minneapolis,

P <0.05

140p [ I
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201

Control Taxol

Fig.10 Angiopoietin-1/angiopoietin-2 gene
expression ratio by guantitative real-
time RT-PCR at 168 h Taxol exposure
(Taxol) compared to control. Values
are expressed as means + SE
(bars) (n=3). (quoted from reference
13)

j <4~ Angiopoietin-1

< f}-actin

Control

Taxol P

Fig.9b Western blot analysis for the expression of angiopoietin-1 at 168 h Taxol exposure (Taxol)
compared to control (P; human placenta at 38-week gerstation). (quoted from reference 13)
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P <0.05

120

Vascular endothelial growth factor gene expression

(% control)

Control Taxol

Fig.11a Vascular endothelial growth factor
gene expression by quantitative real-
time RT-PCR at 168 h Taxol exposure
(Taxol) compared to control. Values
are expressed as means + SE
(bars) (n=3). (guoted from reference
13)
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P <0.05

120

Vascular endothelial growth factor concentration in the

conditioned medium (% control)

Control Taxol

Fig.11b Vascular endothelial growth factor
concentration in the conditioned
medium at 168 h Taxol exposure
(Taxol) compared to control. Values
are expressed as means + SE (bars)
(n=3). (quoted from reference 13)

Control

Taxol

Fig.12a Representative photographs of tubule formation of conditioned medium at 168 h Taxol exposure
(Taxol) compared to control (magnification x 20) . (quoted from reference 13)
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MN)IZ XV JIEL B REH OVEGFIRE D H
BITET L7 (Fig. 11b). —7%, MTT assay Cal
i L 7zcell growth ratelXTaxol{#f#24-168htk T
HERERZIERD SN, T T, Taxol
Ea168h# OMlaE; B Z MW T, in vitro
angiogenesis assay kit (KZ-1000; KURABO,
Osaka, Japan)iZ &V MEHEICRIETEEL
et Lz, Z0#ER, TaxoliZfih168htk D IfaL:
#R i controliZ Ehilig U THA & 0> 1T i A8 7 4 % 4
4% Z LA L 7z (Fig. 12).

P <0.05

1201
100}
-~ 8of
60f
40}

20f

Quantification of tubule formation (% control)

Control Taxol

Fig.12b Quantification of tubule formation of
conditioned medium at 168 h Taxol
exposure (Taxol) compared to control.
Values are expressed as means + SE
(bars) (n=3). (quoted from reference
13)

Z® in vitro OMEH B, bR B i
R~ ORI Taxol#fAllIX Ang- 11T 613 5 Ang-2
OB, SOHRVEGFOEKFERZL LT
Licky, MEFAEZIHTLZZ LRI N
oo £oT, ERMINEEICIBIT S Taxollic &%
antivascular therapy ® fREME 2SR STz,

II. Angiopoietin/Tie2 signaling - VEGF
system & ERCHESNEIE O T & DRRE

BAE, B4 7Zmolecule®#xF3E L Fik
GN I O T4 OB AL ShTn B U,
M4 8 4 Dinitial phaseliZBl51+2% & EhTn?

Estimated survival rate
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Angiopoietin/Tie2 signaling - VEGF system &
ZOPHICEATIHEIRD ONRV. £ T,
Ang-1, Ang-2, Tie2, VEGFOmRNAXH %
quantitative real-time RT-PCRZ{TWHIE L,
X5z, #ifactor VIIIE / 7 u—F AHiE 2N
T SofE GBI X 0 JEB N OB A 2 346 L T,
Z DR & LRI O PR & OBIEIZONT
BRat L™, RBMEH EIZ200/E8EF L 720 D
/N %% (microvessel density; MVD)IZ X Y
HHL . :
Ang-1lmRNA/Ang-2mRNAratio,
VEGFmRNA, Tie2ZmRNAFEHZNFhod
Jufli Zcutoff& L TC2o0B ST HEEIZ,
Ang-1mRNA/Ang-2mRNAratio?& <,
Tie2mRNA, VEGFmRNAZ & b 1T WE B
I OIER] X W FRICMVDREETH - 7=,
FHBERHAEIX2-1200 A (median; 244 H)
G, univariate Cox regression analysis Tl&#&
BAEFERIZAng-1mRNA/ Ang-2mRNAratio
PIEWHERFOWHICHBR L THRIE» -2
(Fig. 13, Table1). %7, Ang-ImRNA/ Ang-
2mRNAratiof &<, VEGFmRNARBLRE
WRESMh DR ICHE L THERICPHRBE NP
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—o— low Ang-1/Ang-2  gepe expression ratio (n = 43)
:| P=0.010

—@- high Ang-1/Ang-2  gepe expression ratio (n =42)

Fig.13 Comparison of survival between groups

~with low angiopoieitin-1 (Ang-1) /

angiopoietin-2 (Ang-2) gene expression

ratio and groups with high Ang-1 /

Ang-2 gene expression ratio according

to univariate CQx regression analysis.
(quoted from reference 18)
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(Table 1). ERIREFTHI, #EFM RO BRAIEE

OHE, HBENTLEPERIZTRICEE L
2%, MVDIZHRICFRITHEL 724> T (Table

'1). multivariate Cox regression analysis T,

Table 1

The results of univariate Cox regression analysis

(quoted from reference 18)

Variables Hazard ratio  95% confidence P value

interval

Age at the time of diagnosis
<50 (n=36) referent

>50(n=49) 2.16 0.69 - 6.79 0.187

FIGO stage
1-11(n=40) referent

IIT-1V (n=45) 1291 1.69 - 98.77 0.014
Residual disease

negative (n = 64) referent

positive (n = 21) 2.90 1.04 -8.11 0.042
Histological subtype

others (n =47) referent

serous (n = 38) 0.62 0.21-1.84 0.388
Histological grade

others (n = 63) referent

poorly (n =22) 3.24 1.14-925 0.028
Microvessel density

low (n =43) referent

high (n - 42) 2.04 0.68 - 6.09 0.203
Ang-1/Ang-2 gene expression ratio

high (n=42) referent

low (n = 43) 7.04 1.59-31.21 0.010
VEGF genc expression

low (n = 42) referent

high (n =43) 2.60 0.82-8.30 0.106

Tie2 gene cxpression
low (n = 42) referent
high (n =43) . 0.46 0.16- 1.34 0458

Combination of Ang-1/Ang-2 gene
expression ratio and VEGF gene expression
others (n = 59) referent
low Ang-1/Ang-2 gene expression ratio and
high VEGF gene expression (n = 26) 347 1.23-9.79 0.019

Combination of Ang-1/Ang-2 gene
expression ratio and VEGF gene expression
and Tie2 gene expression
others (n = 66) referent
low Ang-1/Ang-2 gene expression ratio and
high VEGF gene expression and high Tie2
gene expression (n = 19) 114 0.36 - 3.65 0.820

Ang-1: Angiopoietin-1, Ang-2: Angiopoietin-2, VEGF: vascular endothelial growth factor

Table 2

The results of multivariate Cox regression analysis

(quoted from reference 18)

Variables Hazard ratio 95% confidence P value
interval
FIGO stage
1-11(n=40) referent

-1V (n=45) 9.62 1.17 -79.16 0.035
Histological grade

others (n = 63) referent

poorly (n=22) 222 0.74-6.70 0.155
Residual disease

negative (n = 64) referent

positive (n =21) 2.16 0.72-654 0.172
Ang-1/Ang-2 gene expression ratio

high (n=42) referent

low (n =43) 5.2 0.93-29.04 0.061

Combination of Ang-1/Ang-2 gene
expression ratio and VEGF gene expression
others (n = 59) referent
low Ang-1/Ang-2 gene expression ratio and
high VEGF gene expression (n = 26) 2.02 0.60 - 6.81 0.258

Ang-1: Angiopoietin-1, Ang-2: Angiopoietin-2, VEGF: vascular endothelial growth factor
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BRIR EATHA O A3l L 72 P INTC, Ang-
ImRNA/ Ang-2mRNAratiold3#37 U 7z P4 R+
Th B A RD iz (Table 2).

LieiioT, EERERBEBEIBNTD
Angiopoietin/Tie2 signaling - VEGF systemiZ
MEFEICBEGTHZEBHL N LR, L
LR 6, ZoOsystemiZIMEREZ SRV,
EEHGP LR TWRWBID Y 7 NMAZEREE
ZALTEERENBEO FRICEET I LD LE
Abnbd,

N. 5#%0oRYE

bR N EIE IZ 31T D Ang-2D Ang-1iITk$ %
=¥B, Angiopoietin/Tie2 signaling - VEGF
systemDILEFH E~OBEERHL M Lo T,
X 51T, in vitro TOTaxol® Angiopoietin/Tie2
signaling - VEGF system#% 49 5 I 4& #r 4 FH
EERDHBH L. £20—F T, Angiopoietin/
Tie2 signaling - VEGF system DML &E#H 4 & 1%
MDY T FNRERE 2T D BRI RE
DOFHE~OEENREINT, WTFRhIZLTH,
Angiopoietin/Tie2 signaling - VEGF system%
R & U Te e s b s M SR B (63 D e 7z o
TEREREE LTSI Rt EZXBNS.,

B b W

Angiopoietin/Tie2 signaling - VEGF system
O CHEWHFNERE S L2 LTz, ERMINEE
DOIRBEIENTIZOWTRIN UTe, Sk, Bia 2 5
1 - BRI 3 fThi, A D LR HEINEE T
AL TODEWFEAREBINICTM SN D Z
Lizk v, fHAOERICEL BRESER S
LTS,

(RWFE D — TSR A E B2 e B Al B &

(EfEprzeC) (GRERS © 15591747) itk - T
frbohik. )
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