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Inhibition Effect of Angiostatin and Endostatin
on Human Angiogenesis

Sung Pil Jung, M.D., Ph.D. and Min Hyuk Lee, M.D., Ph.D.

Purpose: Angiogenesis is a critical determinant of tumor
growth and the development of metastasis. Angiostatin and
endostatin have been used in a variety of in vifro and in
vivo animal models as effective inhibitors of angiogenesis.
However, human angiostatin and endostatin have not been
tested against an intact human tissue target in vitro to
determine its ability to achieve an antiangiogenic response.
We performed our study to determine if human angiostatin
and endostatin would inhibit the development of an an-
giogenic response (initiation) and to determine the sub-
sequent growth (angiogenic index) of human vessels in a
dose-dependent manner with a human placental vein
angiogenesis model (HPVAM).

Methods: We used full thickness human placental vein discs
cultured in three-dimensional fibrin-thrombin clots with an
overlay of liquid media. Human angiostatin and endostatin
were evaluated in concentrations ranging from 10 ° M to
10 * M. A positive control containing 20% fetal bovine
serum and a negative control using heparin and hydro-
cortisone 21-phosphate were also tested.

Results: Human angiostatin did not inhibit the initiation of
an angiogenic response and the subsequent development of
the angiogenic response (angiogenic index) at any concen-
tration. Human endostatin significantly inhibited the initiation
rate of an angiogenic response at a concentration of 10 *
M (p<0.001) and the subsequent development of an angio-
genic response (angiogenic index) from a concentrations of
10 °Mto 10 * M (p<0.001, p<0.001, respectively).
Conclusion: We conclude that a very high concentration of
human endostatin can inhibit the angiogenic response in
human vascular tissue and that human angiostatin will not
inhibit angiogenesis of normal human blood vessels in vitro.
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These results suggest that human endostatin has a more
powerful antiangiogenic effect than human angiostatin, but
we need further investigations of human angiostatin against
an intact human tissue target. (J Korean Surg Soc 2001;
60:1-7)

Key Words: Angiostatin, Endostatin, Angiogenesis, Antian-
giogenesis, Human placental vein angioge-
nesis model
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Y (anti-angiogenic therapy)e| A2 ¢ X FHoZ AA]
Holl whe} ofel] 3l g B g A77h AP 9)

AN7A A= AAE 3 o A A (angiogenesis inhibitors)
+ °F 30l Zslar Urh(7,8) 53] O'Reilly5(9,10)1 ¢
3l 19941 plasminogen®| internal fragmentol|A] %2 £

3l 38 KDa9] angiostatin®} 1997+ ¢]] A% 20 KDa2] col-
lagen XVIIIe] thulA Q] endostatin®- - FAlo] 22X
3l 9lth. Angiostating} endostatin®] A1 FET A g7}
gk in vitro B in vivodol|A] L oA By} glow
HA 9 Y Fo ek 2L ok Y AN 22
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o3k o] & oFA|9 A A At 3t AT K
7b w53k Aol vh(11-15)

olef] AzEL Al dlRPEgH AAEH =ul(Human
Placental Vein Angiogenesis Model, HPVAM)-S o] -&3}o]
Q1A endostatin®} Q14| angiostatin 5 E2] %kol] 2]&3}(dose-
dependent manner) A48T W3t ZAHEAGEH A
EE2 ZADE FA] oFdl o3k AR A A3}
5 Yobi7] S5k AF-E Aldskdck
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(1) ERSERSY: elo} 343 AL ek Fof wol o)
g RS uhe) sl Auls] £ 24 Af3te] A7 &
T AzZ AMsle] HHAZD A 9] Aul(full thickness
venous tissue) g o] &3sl9j o Z+ EFEulct 2709 el
= o] &3t

(2) Angiostatin®} Endostatin: angiostatin (M.W. 30,000)
(EnterMed Inc. Rockville, MD, USA)£-9H(in 0.15 M NaCl)
3} endostatin (M.W. 20094) (EnterMed Inc. Rockville, MD,
U.S.A)&H(in 0.15 M NaCl) & <488 AL&3lc}. o]
5 Aoke Pepstol —85°Ce WEAG] Hatelgleh WA
+ 20% fetal bovine serum (FBS)o] &-§-% HPVAME-H
[Medium 199 + antibiotic/antimycotics (100 u penicillin, 100
u streptomycin sulfate and 0.25 ;g amphotericin j3)+endo-
thelial growth media 25%)]ell 7} 552 Qo Feko] Aok
Wk fafslo] 2 7hH o7 3kelsict. FBS, Media 1993}
endothelial growth mediat= GibcoBRL (Gaithersburg, MD,
U.S.A)ollA sttt

2) dgdy

(1) QINEHEHNHME O|2st AME R D H(Fig. 1): A%
2ol giteg 7 2te] 5 A Fo AuE 2 mme| &
5 ZF X (skin punch)E o] &ste] A AT (vein
discs)& WHE & standard 96 well plate (Corning Inc.,
Corning, NY, USA)ol] o]4]slic) A AHLE ZE AY

ol FAR R 1T FAkeglom d3k o] Al AE
S FAS] A8l dRE Fo] 3 2417k o] AJ3HEe]
ot 7 96 wellE A A o] 4 A Al EFHIEH(0.05
o in 10 i) Ffaisiont o431 4o 48 7o)
100 1] 33 §AE Felekeich &3 &HE HPVAM
£-oHo]| fibrinogen (3 mg/ml)3} e-amino caproic acid (0.5%)
£ o] gl on Qlx EEHIF fibrinogen,
proic acids= Sigma Chemical Company (St. Louis. MO,
USA)ellA] Flskdeh &3 §He #H7b ¥ 5% COvt &
5 37°Ce] i F7ellA] 1047 HH % F sad 3 &
R 9ol 20% FBS7} d7}¥ HPVAME-BS 100 x4 39

£-amino ca-

sk 7 welle] AR £ 200 ploz sHAch.

(2) Angiostatin 2! Endostatin X|2 AIElT: Angiostatin
3} endostatin®] Z+7Fe] H}FH (initiation)T} Z=A] (promotion)ol]
ek A5 FEs] 918 A iz o, o4 d= 13
A8 FoE Tk A iz 2 20% FBS7} ¥
5 HPVAME-HS A-gslglon 34 tiz 72 20%FBS
7} g% HPVAM&Hol| heparin 300 pg/ml (55 USP
unit/ml), hydrocortisone 21-phosphate 350 xg/ml (Sigma Che-
mical Company, St. Louis. MO, USA)-& Al-&3}ic}h X &
& angiostatin®} endostatin Z+7F 10 ° M, 10 ' M, 10 °
M, 10 ° M, 10 * M| FEE Agsigon 74 FE ol
upel 2314 Alefsiict. 7 2 F 60709 A A (N=
30/placenta)o] o] &= o BE BEHL 5% CO7} 3
5 37°Ce] wiFT)oll A 257F wi ksl

(3) Angiostatin 2! Endostatin X|2 F 310 CHet T}
Angiostatin 3 endostatin X| & Z3}o]] 3k HrlE= Al
o] W FA ALR Hrhsllek AAER 4d
FA AE 20009 du|stellA] 2~3Y HHo g
skt

O Wal; 72+ FuA ol 4] Zlo] 2 mm o] 57 o] 49
AAE o] A A AAE RS o]zt A sl

@ AMER X E; 4 A4dRe] A3 T4
oz Aosien FA9 A AAEI A 3i(angio-
genic index)® FA|s}3ich. ’%*‘ o] ¥ wj7hA] A=A
% A AL F4 7b o] F7tell A AleleSdct. Al
AER Axe] Ve 4 AuAdAS 4588t 74 74
o AAE R HF Ao|7t 0~5 mme 13, 5~10 mme
274, 10~15 mm¥ 3%, 15 mm o| A2 44 2] AHFE Hof
sem WE7F 25 Al 1A MR a R U Al
13 ZHadste] ZF 47085 Habete] 0~ 167 o2 F-slo]
ksl

@ A Z2HE: 74 Y d= ¥, 34 A 43 As
w7kl A £ {FoA ofFE $3ll onesided Fisher
Exact testg AH&stglom AR Ak 2Ae Hal
one-way ANOVAS} Turkey’s HSD (Honestly Significant Dif-
SEREES
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1) MA CHET2 SMOZEZ Hw: 74 579 =
T AdA @%EHZ::T_LQ W82 71.7%014 100% 5
SAN 2T WA 383%0l4 733%8F EAHH QA &
oJ3k Xpo] 7k 2)\911:}(p<0-001)-

(2) Angiostatin X| 2 (Fig. 2-A, B, C): Angiostatin 10!
M X5 oA wage 61.7%% B4 vz T
717%3k EAH §93 Hol = A Hp=0.166) <4
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Fig. 1. Schematic drawing for Human Placental Vein Angioge-
nesis Model (HPVAM).
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0.009). Angiostatin 10 ° M %] &FollA= w&dgo| 100%
2 A vz 79 9%67%%E= Fo3 Aole et
4 iz T 733%3I= T8 Zol7t A th(p=0.002).
Angiostatin 10 ° M X &Fo| A= wedgo| 90.0%% A
A =z 7+ &4 ;Hz T 25§93k xjo]= HolZA
okgrrl. Angiostatin 10 7 M, 10 ° M X EFo|AE u+dd
£o| 27t 50.8%, 50.0%% ¥ A4 =z T 71.7%,
A Nz T 46.7% Zholl Fol3k Xpo]&= HolZ
0.016, p=0.033).

(3) Endostatin X| 22 (Fig. 3-A, B, C): Endostatin 10 * M
A g FolA e e 183%% A = T 783% 24
Nz T 48.3% EFoll SAITA Fogk AolE Kt
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2. Effect of angiostatin treatment on initation (percent of wells exhibiting sprouting divided by the total number of wells plated).
Combined data from two times experiment is shown as a mean value. There were not significant with control in any concentration

of angiostatin.
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Fig. 3. Effect of endostatin treatment on initation (percent of wells exhibiting sprouting divided by the total number of wells plated).
Combined data from two times experiment is shown as a mean value. The endostatin 10 ™* M group singnificantly inhibited the
initaition of an angiogenic response (p<0.001).
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(p<0.001, p<0.001). Endostatin 10 > M X 872 2+ & E Ao AL Uz AN AFo FFAE=
2 90.0% = A =z T 96.7% A =z - 73.3%9} 6.0+3.700 4] 11.7+£329, A =z T AN A%
= BE Go *} o] & HolZEA] 9kgkrh(p=0.306, p=0.09). o] HFXE 28+14804] 56425308 F F7He] EA
Endostatin 10 ®* M X 239 W82 100%2 A4 U= BH oz 823 o]z} 9 rhp<0.001).

TIHE F93 ol HolF | okgton] A tiz 7t (2) Angiostatin X| 22 (Fig. 4-A, B, C): Angiostatin 10 *
2 o3t Kol & Hof F9rHp=0.500, p=0.0025). Endo- M X879 AAED AT HFX = 68133308 A

statin 10 ' M, 10 ° M X 7oA 7+2F 74.6%, 73.3% % Az F 6.0+3.707= EAIZQ S-93F Zolr} ¢l T
BE A Uz & 46.7%%+= EAIEAQl F23) Aol & (p=0.484) A W= ¥ 284148 I+ 5 7415”—1 9l °«l°&

B 01H(p<0.001, p=0.002) A& = T 71.7%9= 7 o] 7} 919 th(p<0.001). Angiostatin 10 ° M, 10 ° M %]
Tl folgk xpol= A th(p=0.211, p=0.500). ETollA AL A5 HFX = 47 954349, 11.0

2) NMED XE +3.18% A4 = o 11.74£3299}= EAsHH ol §9)3t
coEE Hel glolort $4 tz F40+ 1663 47 EA%
() MA =210 SMUEZ9 Hm: 74 5549 & Aol g8 xol7l Y rhp<0.001, p<0.001). Angio-

A) —e— Control B) —e— Control C) —e— Control
604 " Negative control 14q " Negative control 1o ™" Negative control
U7 s Endostatin 107'M &= Angiostatin 10° I\/I -4 Angiostatin 10 M

--#- Angiostatin 10° M --#- Angiostatin 10~ ‘M

Angiogenic index (Mean+/— SEM)
Angiogenic index (Mean+/— SEM)

Angiogenic index (Mean+/— SEM)

T T T T u
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Fig. 4. The effect of angiostatin treatment on angiogenic index (growth of angiogenic vessel) from two times experiments and combined
as a mean value. Wells which did not initiate an angiogenic response are excluded from this analysis. There were not significant
with control in any concentration of angiostatin.
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Fig. 5. The effect of endostatin treatment on angiogenic index (growth of angiogenic vessel) from two times experiments and combined
as a mean value. Wells which did not initiate an angiogenic response are excluded from this analysis. The endostain significantly
inhibited the promotion of an angiogenic response at concentrations of 10 > M, 10 * M (p<0.001).
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statin 10 ' M, 10 ° M X &7 AAIT A% HFX

= 9734435, 97414512 AANZ F 9.30+4459%+= &
AR oI Holsh GRer B4 HE F 41TL
23731 EAIBEQ §ol3t HolE Ho] Frkp<0.029,
p<0.029).

(3) Endostatin X| 22 (Fig. 5-A, B, C): Endostatin 10 ‘M
A8 Foll A ABER A% HFX = 12710658 4
Az 831499 9 &4 )z T 5642530 27 B

A §g o] 7F 919l rh(p<0.001, p=0.008). Endo-
statin 10 ° M X8 79 AALH AFE HFAE 66+

3592 A4 Uz T 1174329 9 24 Uz F 4.0+ 1.66
of AR Ax HTX e} AR 723 Zol7t )
9 tH(p<0.001, p=0.005). Endostatain 10 ° M X]&72] A1
A AxS HFX 107£3528 B dz 3=
FATA o3k &bol7t §lod o (p=0.894) A= T+
uk EA1skA o] §-9)2) 2o} Q)9 vh(p<0.001). Endostatin
107 M, 10 ° M X g7 AL} Axe] FFAE 4
7} 10.5+3.73, 10.1 £4.082 A4 2z T 9314459 &

AFARl fro3tk xpel7h glolom 34 iz I 418+
2.3740RF SAEA QD [l 3k Xpo]7t A eh(p<0.001, p<
0.001).
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¥ (proliferative phenotype) & 2 Z$tx]o] Yu] A|E2] o]
(migration), ﬂlfﬂxﬂ:‘?—«l %%é T 94, 7IAt &
(degradation)®] FHg-5 A MEE o] PA=H = 4=
o] #golch ARG R} FFe AR WAL BAE 7}
A Fokel 443 Hole i Aol Edrhe o] &
| A= Ach16) Fgo] BARH FFAEZTE 17]
A Aol AE A AQl A} (basic fibroblast growth factor), &
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7.19) & AAET 9we AAHA o= g A3
Al o 7 zjelsl ALt A]xﬂoﬂ,\,]_ xgﬂ L =
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Angiostatin® 199414 O’Reilly5-ol] 23l Lewis ¥4t =<
& 7M1 Ao dAH 3 Ao ZHE] 38 KDagl plasminogen
9] internal fragmentol] 4] XS E2|¥|o] W] A|Z Z4] g
ANEBI} Eoke] AL ARtk B gek) o
angiostatin® plasminogensd He|sl: w49 Zu] H9
(catalytic site)E xpetalo] A1AAER Al 7] (matrix) 2]
A A remodelling)S Wallste ZAoZ Huxlx glom
(021 ARER ZH-goll Hofzle ol Alx P4 & A9
Hog AAlste] FH FelE Xillshe AR Hunn
$rh(18) o] ¥ O'Reillys thA] 1997 d 3 ] Fo
2RE W3] AEE SolalAl AlstE 20 KDad colla-
gen XVIIS| glul2-S ul7Aslof endostatino] 2} s} o
™ o]+ angiostatin@} Zro] collagenase-s x}glsto] 712 )
A (metrix remodelling)S Waljsls Ao g By gk
Endostating Al o A] Wjz] AZx9 F43 A3H 2
= oJAlshel e FAAEe N E HIHE QS 5 9
Rowl(10) F7] W5 Kol Fokel ALL ol 5 9
S e aeF 33 28 A Ak HE oAl AR
3 A= °‘0114—Z] ¢r=v}a gt} (22) Hanahand A14)
3 YA S AARlE Vo gl 3a%0R s &
Sol A 25 AU AL ol Y4 F
Sl G oA Lok 4980 S48 ol
aE ZoF &3 =4 (tumor vessel toxins)E
49 Fo WAL sl LEold AAE F
A5 +2. 2 angiostatin?} endostatin
o] o] gl &3} 3?“4(23)

o]#] 8} angiostatin¥} endostatinol] 2JgF A LW oA &
I}7} Q1A angiostatin, % angiostain®} Q14| endostatin, |
enodstatinol] )3} in vitro Bl in vivoAollA ZwEo] %o
A 4 Afel7A o] FoiA L ek e B4
A =225 o] &3t AT Wol HuxA ¢ Aol
thooledl AzREL QA =H A2 QIA| angiostatin}
endostatin®] Al AER2] oA AI}E in vitroFol| A AlFY
shgieh. AAHES o] Aol YAl heparin?} steroidel] 2] 3k
AR BA A ZAnE Agskich. 27 heparin 30
pg/ml, 300 pg/ml, 3000 xg/ml, hydrocortisone 21-phosphate
35 pg/ml, 350 pg/ml, 3500 ,g/ml B Haparin +steroid®] 2+
zte] F% ol 3k Ags 3xel 4 AJ3§3k A3} heparin
300 spg/ml+hydrocortisone 21-phosphate 350 pg/mle] X

T
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FLE] ofol] 2]Esl=(dose-dependent) 73 gk A1 7 o] A
A

3l A dlz 73 o] AAER A AAAT] 7
%] & heparin 300 zg/ml+hydrocortisone 21-phosphate 350
pgml A g 5 54 iz T2 o] &3t

Mohanrajg-2- 1A AlthA = W] A EE o] &3k el
4] @l#)| endostatin 10 pg/mle] FEol|A] A|E2] apoptosis
7} §ubske Z=ws]9) 1 endostatino] W3] A|EQ] AE H
A A7) G amrestE: Fegog AFED A& AR
ot X s}gdeh.(11,12) B saphenous veing o]-£3}o]
olx] endostatinel] Tk A&-S 3k Erwin AS-2 250 pg/ml
3} 500 pgmlol A w4 BB P4 oA Hahg B
ek (13) 2 Yoons- endostatinel] 2]zl 1A A|chA =H
o] Axe] FA4e] 36~51% #ages Rasila $4
Ao #Het 7 AolE ZaA S Hasqivh (14 st
Perlettis-2 & A¢ol|A] endostating 4F7F X FA] AA
4 glol A 44 2% A4S APe Husg
th.24) AAS2] A3 A7) 2lA endostatin® 10 ° M (200
pg/m)e] FTEHE] kol 2]Es]+(dose-dependent) A
HE B Eo] AREL] AddlA 10 MTAE A
AP A deollA FAle] A2 E = o] & u} “angio-
genic switch” & A %= 114 (initiation)o] A4 iz F-ol|
ul 3] 766%7F ARG ov] AT 24 JEE Hol
T AP A E(angiogenic index)E oF 96%°] HA|E
ol Fol ¥o FEeld 4UY AQUB oA Ho}E
SEECES

O’Reillys2 chick embryo chorioallantoic membrane
(CAM) assay-S- o|-£3}o] 914 angiostatino] 20 .g/10 pl
discollA] A 75 ehr] AlZFsto] 40 1g/10 g disc
oflA 7hg 7k AAER A BT A HoFA
o9 Lenagoll o3k Kol oJslwd A Al A A
X5 o] g3 Ao angiostatin 2.5 pg/mle] FEEE
FGF-2 3 VEGF2| ZrAof] 93k HI] Al E2] migration & 7|
9 apoptosisE Ko FHrh(15) Wuse in vitro A&
angiostatin 50 ng/mlol]A] bovine capillary endothelial cell 2]
Aol A7) AAEen in vivod 844 6 mg/ke/day
ofl A Lewis WAl #|gke] AAe] AAlgE Haslar 9L
oh(25) O'Reilly 52 Q1A] QA EZ o] &3 B2 Aol A
+ 50 mg/kg®] angiostating Fo] Al QA A EE
95%, NAJANE 97%, AFAL AE] 100%A4 A4S
2 ojAloll 9|3k SHAIES] apoprosisE BelZ 1 g} @)
w3k Sim5-2 E5 Ad|A] angiostatin 1.5 mgkgS A Al
o] A] Lewis 4 sigte] Aol alg e Bsls)
Th26) ol ole] QTS AEW AT oA wakel B4
5501 ol 9 el Wl cekte HolFw sk

22k 3 ARES] angiostain A A ol@ g FE

FAAE AU A9 E3E ehbA skl T
TGl A Aleke] zAol] AR FE V12 slen &4
—85°Cof] Htslo] ANLE FA I wiA] kA =
& weol ofa) w2l ol Aokie slEse] WAl
AU ¥ A4 in vioRol A2l Aotel ke
WA 5 S Zieketel o 226k WA S LB
o} a2} 7Ze whgoe g AgE QA endostatinel| A=
AA waE BEL 5 ot QA angiostatinell A =
AA ZAAE BES F gk ole e A
@ 4 glom B ARE 224 glert AR 3
o] obd 2316l AR AR} el Aebol B 7
7] ©& Aol gk biase] 7heAE wiAIY = glont
Cao?] angiostatin o Fol|A] EE Add|A &= o]d] 9
RS A AIE & ot Aol 3k o A&
e UF 5 s Bew o A oldge
B gk upe} 3ho](27) 4 A =H ol 4] ] angiostatin
AL Al gk JAE AL 10 ° M o4k
527 Aesths A5AS A 9

olell 2252 QA endostatin®] & A AHF w3}, A
< WA g AL BAE 5o B2 Al nlel A =7
HellA= £2 5 ollA AddRe] AA71 A 2E o
theke] endostatin®] F3 A, AAHQ A 9l Gk
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