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Regulation of Angiogenic Activity of Insulin-like Growth
Factor II (IGF-II) in Chick Chorioallantoic Membrane
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Insulin-like growth factor II (IGF-II) is highly expressed during hepatocarcinogenesis
and psoriasis. It has also angiogenic activity in quantitative chick chorioallantoic
membrane (CAM) assay. However, the regulating factor of angiogenic activity of IGF-II

angiogenic activity of IGF-II during the development of hepatocellular carcinoma and
psoriasis. In this study, we examined angiogenic activity of IGF-II within HepG2 con-
ditioned media by immunoprecipitaion and CAM assay. The EGF potentiated the angio-
genic activity of IGF-II synergistically while heparin had no effect on the angiogenic
activity of IGF-II. This effect of EGF may due to increased-activity of endothelial cell
migration. However, EGF had no effect on the proliferating activity of endothelial cells.
Finally, we demonstrated that IGF-IIR induced the expression of IGF-II. These results
may examine the development mechanism of the hepatocellular carcinoma and psoriasis.

is largely unknown. This study was undertaken to examine the control mechanism of
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o]2 gt QlA}&=ZE &= vascular endothelial growth fac-
tor (VEGF), basic fibroblast growth factor (bFGF),
transfoming growth factor B1 (TGF pl) 5 oI
7}A QIR Sl A A Yk o] F, HT
AN YAQAE B IGE-IIE 7Hoboll A = 1k
do] Z7lebs WA elA e
Insulin-like growth factor II (IGF-II)+ proinsulin
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Aol IGF-IIE B E3}o]
factor-a2} IL-6, IL-83 72 AF5E& fFubsles 9l
Ago] Fojsls Aol d#A Yrt” ) o] F
IGEIIE QI7ke] ZAAAEL] FA4)8 A7,
A4 zZ el 1 Wgle] FrtE]e] 9gol ¥
2wl e Wk opbyel, IGE-I7} A4 =7 o
A dFAzrE A G Al IL-69] SIS F3
= FRAAIE AL B dFFlel o3
Za =9t weba] IGR-IE tEFel 34l
A JAAZ AAS FHAA 7= Ao, o]
g IGF-19] =AxhwAde 714 WAy -& o]
sl Fog AAe] & Zlolth
g, 7t =gl AdEe oA EL
Bl &S XA slaL YA oA 7hA] HA g |
ol glom, Az FFollA Fe]H oz
AT7t ol FoAA YA F FFoleh 53,

transforming growth
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< 2FFHE }=I YL Hola glom,
olg]gh ziekel FHAMAA S Frste A
ARAAZA IGF-I7L 2H8-3 Wk ofvel A4
ol nlel Zekz=ellA 1 ko] dAjs] Fri3t
e Bark ek kA bt Ant Aol
7Vehe IGF-T1S] 2 7h4ke] oAl 3} 8l Holo

RolA Al z71o g2 A7HH) 0|9 ZLo]
et A ARABRAL EA s, Wi F
23k SIS o F ik wEbA sk ollA
IGF-II+ 34380 Fa3t dx4z ALd
7hsAel lem olulgt IGF-I9| A& ZA
2474 A ol Wl Ees
Aolet.

E Aol A= HepG2 Q17 HUAIEZFZHE]
Z%3 conditioned media®] F#AWLA S CAM
assay 2 A Hgk31 o] #AJo] IGF-IIol 23t 7
%)& immunoprecipitation assay % CAM assay s
5ol SHslivl. B3k heparin?}t EGFoF 742 W
2Ql Aol IGFIS] Ao v X% 3
& CAM assays 53l dolH ks A YA
o B9 W BIhHT AT 24 1 ol
Zoll F+oJs}=A|E Thymidine incorporation assay,
Wounding migration assay oo %3l A=W gk}
wak olye}l IGE-IF frEsts FAAREA
A3t 712 47 93l IGFIIS] 2AIAE
(IGFR, IGFBP-3)2] &8 Northern blot analysisE-
ol A Kokt
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1) HepG2 M| ZEQ| HH Y

American Type Culture Collectionol] 4] {13k
HepG2 cell (HB-8065)= Gibco BRLoIA] gk
fetal bovine serum (FBS)< “4 7}l Minimal Essen-
tial Medium (MEM)ol| wieFsloict. Eadele] wi
AL 22 SHFF 1 LE =5 ¥ sodium bicar-
bonate 2.2 g #H7}sle] HCIZ pH 725 Z4F
t}. 0.22um Millipore filter2 ©|& o33t o},
A2Z Al 10% FBSS}F 1% penicillin-streptomycin
(P-S)E H7kslsict

2) HepG2 M|IZEQ| conditioned medium F=H|
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HepG2 AlE£E 70~80% confluent 3+ e =2 wul
&3t ok 10% FBS7F H7bd wiA 2 Al ¥l A1
sldar, A8k AlEo serum-free ¥iAIE H7}s}
3L 24417 E]E wlekEl it AE9] wloke] £t
WA E FAL S 5,000 rpm, 4°CollA] 10%
¢ AR sle] v AEE A A G AE}
AALD whA S 13,000 rpm, 4 COM 57 AT
glslo] Az BES AR o8 A FulH
conditioned mediaE Milliporeol] A FIgt +2]od
I} ALX] (Ultrafree-15)01] F-2 —r] LAE 7] ¢
o] 2,000 gollAl 3|HA7IH F350] %-‘jl th &3
= conditioned media® CAM assay S -38s}ich.

3) Immunoprecipitation (IP)

HepG2 conditioned media®l] ¥+&& anti-rat IGF-
II antibody (Upstate Biotechnology Inc., New York,
UsA)et 12417F WES-A17]l 3 protein  A-agarose
St Louis, USA)E immuno-
precipitateE At} o] A 41 immunoprecipi-
tate?} SN O Z CAM assayS G388} oh.

(Sigma chemical Co.,

4) Chorioallantoic membrane (CAM) assay

TS FYhske] 45417F F]F 18°Cell Folr
b 90% FE7F FAEE 37°C widTlel Yo
o] 5 0Uul R slo] wikdtel 3Qui7} EH ARt
o] & Foll = ol FATIE ¢
ml obiek. 42dul7} S Akel EA1FH 7}
Y HL 20 PaT 25 F w2F o|f
slo] A1F 3 em 2719 Y A wkevh 371
FHY offfell e = Ao AAZ F F
glelo]Z2 g ek BAFAFRA L A
A Slsted o] Alg wiETlol A 719 9wl
7} =™ thermanox coverslipol]l S#P A S 21
Zolgl o] A A= 535 HepG2 conditioned media
£ EXZ & o]F 40F < #Eh o nE A
& #eletar 9gule] feldo] 25 wo]H ¥, o]
coverslipe ¥HA 59| embryo CAM FE ol F31
tHA] freldlo] 22 e vhetth o] & wiekr]ell
A 39 Fot #iekA|7] % 10% fat emulsion (Intra-
lipid, F42h& CAM®Tt QFZel] Fisto] 373
1] 7d (magnificationx8) 2.2 ;P Ao] [FEH
A WFsta cCAMe| AR A=t

L3l 3

DIGF-IS] €A S =Aol F3k AT 21

5) EEHHIDIM[ZES| F4|ZAK3H-Thymidine

incorporation assay)

HUVEC+E gelatin® 2 &% 24 well multiplate
o] 1x10* cells/well®] WEZ BFsl3 1 mle] wf
AZ H7hste] 37°CollA] whokgiel. A E7} kA 3}
W IGF-IIE Aalge), 241 zAslaz) st
2 = ARG 447 Aol 1pCimle] EE
*H-thymidine2 % 7}gkch. 44178 E3F 37°C uljek7]
of A wiekgt ¥ A E W Elil 100%°] methanol
H7bslo] 4°CollA 302 &<t 2AA 7k 2
PBSE A|EE 29 HM 10%2] TCAZ 3 W
ML % 10%9 TCAS 3000 H7bste] 1247+
B9 Ak 124 7ke] At ¥ TCAE el
0.2 M2] NaOH®} 0.1%2] SDS7} 235l solubiliza-
tion bufferE 150u1L d7}slod 37°CollA] 30E-7F
xglsle] MEE lysisAlZIv) A EE lysisAl 7] 3

scintillation solutione 37}k

ot o

= Liquid Scintilla-
tion Counter (Packard)S Ab-g&3lo] WA ZE A4
o] S FH %

6) Wounding migration assay

HUVECS 60 mm culture dishoﬂ nleto] HolXA
% AErE = wizbA] wfekdt ¥ HEEE AE
of] A E o] reference lines >+l YHE F
He}, Serum free medium 2 3 AN 10%
FBS7} 235 M199 WA S 3 mlS H7lgle) o
2l FA]oll ImM thymidinZ} IGF-IIE & 7}3s}e]
24A17F B¢k 37°C, 3} £ EE FAE = 5% CO,
ufjek7]oll A wiokstet. wiA & W23 PBSE Alof
W methanolE 187} TA A 73 Giemsa®E 58
¢ AAg & F2 Aolfit) Inverted microscopy
EZ o] 83lo] 40vE TEslo] reference lines
o] o]53t AIE & Alrt

7) Northern blot analysis

HUVEC A|ZZFE] Zx] RNAS £2]s}3 Nor-
thern hybridization 48 $=3gtr}. A A RNAES
Ha)s}7] $Isle] 4°C phosphate-buffered saline (PBS)
o7 3 AL X Acid-Guanidine-Phenol-Chloro-
formW o2 A RNAE Fe|gc}h ®Eele A
A RNAES 1% formaldehyde-agarose gel Alo]| A
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electrophoresist T2 nylon membraneol] transfers}
o] random primer labeling W S & [**Pla-dCTP
Z o]&3) labelling'&ﬂ' cDNA probe= SA 2wk
ol t3t Northern analysisE ghe}. F-A 2} L& of
gk control 2= GAPDH (glyceraldehyde-3-phosphate
dehydrogenase) FRAA ZL B-actin AR} Hb
e Adget

= | 1}
1) IGF-IIQ| SHEMM XIS M

QI 7FF A E321 HepG2 cell®] conditioned me-
dia Weoll t}=F EAlst= IGF-I19] A1 AEA &
2elsl7] 913l Immunoprecipitationol] 2] 3l HepG2
conditioned mediaoll EAs}= IGF-IIE A A8 F,
IGE-I7} AlAS  conditioned medial] &A1y
A& A W 9kth(Fig. 1). HepG2 conditioned media
o] AJANLA L 60% A= FrEwE Aol #F
A3, B84 conditioned mediaoll W] 3l IGF-II
7} AAH conditioned media= A4 o] A3
ol & /ALY & vEb A CHFig. 1). whet
4] HepG2 conditioned media W] IGF-II7} 7F4HA]
PGl ol ZAE3t dFAPFE=JIARE A

ge Y+ gl
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Angiogenic activity (%)
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Fig. 1. Decreased angiogenic activity of HepG2 condi-
tioned media by immunoprecipitation. PMA was used
as positive control (CCM: concentrated conditioned me-
dia, Sup: supernatant).
2) IGF-I19| SHTHAIMEMO| O/X|= heparin
of AgzA}

og] 7}A| oh2 "B} APt A ATk
Az 4#R hePal’lIl-J 33k-S dolH 7| —AOH’ CAM
assayS 5o3l9lth. Fig. 2014 Hi ule} 7o)
heparin IGF-19] FAYLA ol T F&= F
2 okgkel. whakA] IGF-119] &3 A A2 hepa-
rin?t= FRTE & F 3

X
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3) IGF-11¢|
SEEIV
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Fig. 2. Effect of heparin on the IGF-II action. Heparin
had no effect on IGF-II action in angiogensis.
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Fig. 3. Enhanced angiogenic activity of IGF-II by the
cotreatment with EGF. In case of cotreatment with
IGF-II and EGF, considerable angiogenic activity was
shown on the CAM, while IGF-II or EGF alone did
not induce angiogenesis.
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Fig. 4. Effects of IGF-II and EGF on the proliferation
of HepG2 cells. Following the dispension and stabiliz-
ing incubation of 1x105 cells per well, 1uCi methyl
tritiated thymidine and each samples was treated simul-
taneously. After 4 hours of incubation, incorporated thy-
midines were measured by liquid scintillation counter.
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Fig. 5. Effect of IGF-II and/for EGF on migration of HUVECs. Each of EGF (5 ng/ml) and
IGF-II (100 ng/ml) stimulated the migration of HUVECs. When EGF and IGF-II were added in
combination (IGF-II/EGF), the migration stimulatory effect was greater than the additive effects
of each growth factor added alone. Phase-contrast photomicrographs show HUVECs that mi-

grated from edge of the wound.
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Fig. 6. Induction of IGFIIR expression by EGF. Con-
fluent HUVECs culture was maintained for 12 hr in
M199 containing with 1% FBS and then treated with
or without EGF (20 ng/ml) for indicated times. Nor-
thern blot analysis was performed with 20ug of total
RNA/lane using human IGFIIR and IGFBP3 cDNA
probe. Hybridization with the human B-actin control
probe is shown below.

midine incorporation assayell &3l &3]z A E£2
Aol v X& %S AsE A7, 5 ng/ml7tA
EGF&X2E S7HA HoFol%E &3 IGF-I
o] APUNIAE FSA G} of] Mt FgFS FA
ZH& 2helstd vh(Fig. 4). 22U, wounding migra-
tion assayE ¥+ HIMPI|A|EL] o] Foll= IGF-
e w5y}l EGFE 37 2P u] < 3
W 7heke] ARNI|AEL o] Fo] HXEE WA
st chFig. 5). wekA EGF7E Y271+ IGF-IIoll
ik 45 AN HALAH-LS AT A
o] FAo] ot} o5& HXF o ZA ok
AL o 4 9t ¥k olye}, EGF7} IGF-II
ERS NP IGFIIR-\/} IGFBP32] el uX| =

od¥FS Northern blot analysis@ A X .Qkr}(Fig.
6). 20 ng/mle] EGFE 64| 7F X 2lsl) & ull 2.3ul,
1221 7F A2l A <k 28 7}2Fe] IGFIR B Z7}7)
B4 et W IGFBP32] ol thik A el
a7t e & T AAdrk wEkAl, EGFE IGF-
o] 245 A#lst= IGFBP39] wHalg A8,
IGFIIRS] W8-S X180 2 4] IGF-II7} Yov]:=

o
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IGF binding proteins
(IGFBPs)®} IGF receptors (IGFR) 55 5 4 Uth
53] IGFBP-3%& &% Woll EAlsl= IGFBP % 7}
A e kS A R|st L, 743 affinity 2 IGF-
Ioll A3 4= glewm, IGF-119] 45 Aslisls
285 7FA 3L 9t o] 28k IGFBP-30l] 2|t IGF-
I BAAMNE IGF receptorell IGEII7F ZA3tsls=
A& IGFBP-37} Whaligt e 24 dojude} ™ 17
B8 o|& IGFBP-3¢} IGFRE| WHal2 IGF-119] &
A AHH o7 Aol 9lon o|Fo] WS
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tha e = Qlek webA] IGFBP-3E AAEA
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=3+ VEGF, bFGFS} 7Lo] A= M= Eu Py DA P P
2 ez e heparmﬁ" iR 2 olad A
Aom, 53] IGF-19] 7Z-%-% heparinoll o]zl =4
tevke Aol @A giek ™Y &, VEGF,
bFGF-/] a;}x]xﬂ_’d@% 7_11—71— u}ioi x}g_gy
w2} heparin@}e] ZAdAeloA] Bl Z=71Ec)
st whekA] heparine o] & AAQIAE3 A3
FozH AU %%‘J*é‘ q4&
2 28% 5 e Bz
g Zleg Asxh

2 AT 919 AAE vlEe® o]
HepG2 217} 7FFAIEF2] conditioned media ol
theF EAsl= IGF-I19] A AR 248 $19l
3171 913l IGF-I antibodyS ©]£&3%F immunopre-
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cipitation Bl ol 2] 3l HepG2 conditioned media W}
o] ZAlslE IGF-IIE AAL F, IGFII7} AA=
conditioned media®] I A Y&Ao] 7]EQ con-
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assay s 5ol T3} ch(Fig. 1). =3 IGFBP-39]
AALA S A sl EGF7} IGE-112] A%
A FsH o2 FXZECAM assays &3l =
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