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The Effect of Insulin-Like Growth Factor-I (IGF-I) and
IGF Binding Protein-3 (IGFBP-3) on Cellular Proliferation
in Mouse 3T3 Fibroblast Cells

Chul Ho Cho, M.D., Seung Min Kwak, M.D., Tae Hun Moon, M.D.,
Jae Hwa Cho, M.D., Jeong Seon Ryu, M.D., Hyong Lyeol Lee M.D.

Department of Internal Medidne, Inha University College of Medicine, Sungnam, Kyunggi-Do, Korea

Background : Cell growth is a balance between cell proliferation and cell death. Insulin-like growth factor-I
(IGF-1), which binds IGF-I receptor (IGF-IR), mediates cellular proliferation as a potent mitogen. IGF binding
protein-3 (IGFBP-3) as a circulating major IGFBP can inhibit or enhance the effects of IGF-I on cellular
growth by binding IGFs.

Methods : We investigated the expressions of mRNA of IGF-I and IGF-IR by northern blot and
phosphorylation of IGF-IR with the treatment of IGF-I by western blot in 3T3 fibroblast cells. The cellular pro-
liferations of 3T3 cells with the treatments of IGF-1 were evaluated using *H-thymidine incorporation and
MTT assay. Also to observe the effect of IGFBP-3 on cellular proliferation, 3T3 cells were treated with anti-
IGFBP-3 and dR; (monoclonal antibody to IGF-IR) alone or in combination.

Results : Our results demonstrated that 3T3 cells showed mRNA expressions of IGF-I and IGF-IR and the
IGF-I increased phosphorylation of IGF-IR. The treatments of 3T3 cells with IGF-I increased cellular prolifera-
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tionin 5 % and 1 % seruma-containing media, not in serum-free media. The addition of anti-IGFBP-3 to neu-
tralize IGFBP-3 showed 2-fold increase of cellular proliferation, and also co-incubation of anti-IGFBP-3 and &
IR, together showed similar increase of cellular proliferation in 3T3 cells. Interestingly, when the cells were
pretreated with dR; for 4 hr, prior to the simultaneous addition of &dR; and anti-IGFBP-3, anti-IGFBP-3-me-
diated cellular proliferation was decreased to control level. All of these results suggest that free IGF-I released
from IGF-1/IGFBP-3 complex would be involved in the cellular proliferation.

Conclusion : IGF-I is a mitogen through the activation of IGF-IR in 3T3 cells, and IGFBP-3 could be a potent
inhibitor for IGF-I action by binding IGF-L (Tuberculosis and Respiratory Diseases 1999, 47 : 618-628)

Key words : Insulin-like growth factor-I (IGF-I), Insulin-like growth factor binding protein (IGFBP),

Mitogen.
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A Ed4-e cell proliferation®} cell deathe] i
o8 o]Fox1 it} MEZAd] Had AU
o 712 4% 8.4 (growth factor)ol& insulin-
like growth factor-I (IGF-I), epidermal growth
factor (EGF), platelet-derived growth factor
(PDGF), fibroblast growth factor (FGF) %] |
9] mesenchymal &2 parenchymal cellse] 2]
& Rvux]o] endocrine &2 paracrine effect®’,
E oM ¥ AA¢) )% autocrine effect 2 HE F4
o FoFct.

IGF-1&7¢ 53] Axd3e] #dsie 4% 84
2, 719] receptorgl IGF-I receptor (IGF-IR)®!
o] Ao =AY, mitogenic effect'’>* & JeR) 1L,
apoptosis (M ¥A1E)E AAIY ®uk o2tV Al
9] transformation ¥ tumorigenicity &'* 443}
t Aoz ¢8¥A I

IGF-13} ZA¥3= IGFBPs& thie] FAAAX
o ok R A EulE=d], IGF-19] 7% M2
o] 27 9 ogle) B3z o', 1 F IGFBP
-3& ¥ o) of 71 Bol xA3t k.

ojoll Az} & 3T3 fibroblast cells& o]§3td,
IGF-To] 9§ MEAY AxE B7] H4s, 3T39]
IGF-13} IGF-IR¢] mRNA expressiong #&31%]

on, IGF-I4 &% IGF-IR2| #4318 w7 93
IGF-IR8] tyrosine kinase domain®] phosphory-
lation& @&t} £33 IGF-10] M ¥ 3240 n]x|
= A7} IGFBP-30] XA B AL B
7] $}8, anti-IGFBP-3 2 dR; (monoclonal an-
tibody to IGF-IR) & @5 Z& 3H&54sloq A=
A& BRI

che A Ud
1 MIE sl

3T3 fibroblast cells (o} AX)+< (American
Type Culture Collection, Rockville, MD, USA)
Balb/c vh$-29] AExF 24, HFEuj% Dulbecco’
s modified Eagle’s medium (Gibco, Grand Island,
NY, USA)el 5% fetal bovine serum (FBS), so-
dium pyruvate, nonessential amino acids, L-glu-
tamines} 2u]¢] vitamin solution (Gibco, Grand
Island, NY, USA)& A3t 5% CO, AE %
719l 37°C A wjF At

2. Northern blot analysis of IGF-1 and IGF-IR

3T3 Al¥E= oligo(dT)-cellulose chromatography
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2 poly (A*) mRNA& #2% ¥, 1% denatur-
ing formaldehyde agarose gel& o|&3}e, 0.6
AmpE-A719% ¥ Genescreen nylon membrane
(DuPont Co., Boston, MA, USA)¢] transfer 3,
UV Stratalinker 1800 (Stratagene, La Jolla, CA,
USA)e =g 120,000 uJ/cm?g UV cross-link &}
t}. Filter 60°C3l] 30 mM NaCl/3 mM sodi-
um citrate, pH 7.2/0.1% sodiumd a odecyl sul-
fate (W/V)a 2-3 z}e 2t

Probe= human IGF-IR9] c¢cDNA fragment
(from Baserga R, Thomas Jefferson University,
Philadelphia, PA, USA)¢ human IGF-1¢]
cDNA fragment (from Baserga R, Thomas Jef-
ferson University, Philadelphia, PA, USA)dj] &)
35+ probeE AREEIATE ZF ¢cDNA fragment=
agarose gel Z71%9%3, GeneClean (BIO 101,
Inc., La Jolla, CA, USA)eg ¥& %, %P-
deoxyribonucleotide triphosphates E$]g4& o]
£ random primer ¥H < 2 label 3},

3. Cellular proliferation assay by °H-thymidine
incorporation

MEE 96 well AEuokarlo] 2,500/wellz 23
B F 1242 ol wjoksted 23 ¥, FBSe| gle
A E wigholl A 24 AZE v FBtAct 1 F AlEfF
42 A|AsLL, serum-free, 1%, 5% serum-con-
taining media3lolA o2 ¥xe IGF-1 (10-100
ng/ml) (UBI, Lake Placid, NY, USA) 9 Anti-
IGFBP-3 (1 : 5,000 dilution of whole antiserum
IGFBP-3) (UBI, Lake Placid, NY, USA), dR3
(specific antibody to IGF-IR) (Oncogene Sci-
ence, Manhasset, NY, USA)E %o %, 2-3 Azt
wigste, Wi whA oF 1841+ 1 uCi/ml *H-
thymidine® Folai3ich. 2 ¥ wjig AAF 0.1
M KOHZ HEE E3fA71x, AE F2d o3
DNA $44& scintillation counter& o]8-8fe] HIA}
& 348Ut

4. Cell viability assay

HELAY &4 3-(4, 5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT, Sigma
Chemical Co., St. Louis, MO, USA)& o}&3}d
dye reduction assay 2 3}t MZE 96 well A
Fujokg-71e] 2,500/well2 38 F 124]7 ol
HjeFsta] K&} & serum-free mediao)A] 2413+
mfdetdet. 2 & MEejgd e AAsla, serum-
free, 1%, 5% serum-containing media3d}A] &
H Fxo IGF-I (10-100 ng/ml) (UBI, St.
Louis, MO, USA) & %o ¥ 397 wjdsigict. 1
¥ MTT (335x: 80 g/mD)& 54 F of 2-34]
b i FE ohe, NS AASAT. AEE 10041
9] dimethylsulfoxide (DMSO) & #H7}3] Baig
%, spectrophotometer (Dynatech, Inc., Alexan-

-dria, VA, USA)Z 570 nmiM §2=8 2334

th.

5. Phosphorylation of tyrosine kinase domains
in IGF-IR by western blot

HNE= 6 well A 3Eul9k8-7]9 500,000/well & £3
@ 3 1247 o}y vjosle] B8 %, serum-free
mediumeflA F 24 AlZb wjorgic). IGF-le] 9%
tyrosine kinase?] {IAMSIE B7] 98] serum-free
media @5 &2 IGF-1 (50 ng/ml) 3453}
1087 A2)3 ¥, proteing protease inhibitors3}
o 323}7, Bradford ¥os ZX3lo Zt well
3 30ug& 12.5% SDS-polyacrylamide gel elec-
trophoresis 2 A7]%9%3% nitrocellulose membrane
(Corning Incorporated, Acton, MA, USA)d} A
o]Al#Ht}. Tris-buffered saline-Tween (TBS-T)
ol 34§ 3% non-fat milk2 g% ¥ dxHak)
2  horseradish peroxidase® conjugation®l
monoclonal anti-phosphotyrosine antibody (UBI,
Lake Placid, NY, USA)Z 4°ColA Alo] uhg-4A|
Ztt. TBS-T& 33 AjAF ok 10,0008) 3%
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o] 2}8}4 (peroxidase-conjugated anti-rabbit sec-
ondary antibody) (Amersham, Buckingham-
shire, lllinois, USA) 2 ALdA] 1A17F ¥k % A
M3}3, enhanced chemiluminescence (ECL)
(Amersham, Buckinghamshire, Illinois, USA)&
A3t

6. Statistical Analysis (BM&t= #y)

A% BAE Student’s t-test@ o] g3lion,
p<0.05 & o FARAo 2 FofF Ao ).

3 o
1. Expression of IGF-1 and IGF-IR mRNA

3T3 AlZAA IGF-I mRNA expressiong @3}
7] $18) IGF-1 cDNA & ©|8# northern blot& 4]
g 43}, 2% 5782] IGF-I mRNA expression&
B2 + Y=, 13 9.5 kb, 6.3 kbo M 27
o] Fd W= BT, 8.0 kb, 4.5 kb, 2.2 kbo
A olitt ujgt =g Yehyoick(Fig. 1). &
¥, IGF-13} wg&h= IGF-IRe] mRNA expres-
siong B7] 98 IGF-IR cDNA& ¢]&3}9 north-
ern blot& A8 FA3} 11 kbe} 6 kbe) IGF-IR
mRNA expression® Rt} (Fig. 2). o}4e] 3}
2 3T3 Al¥= IGF-I3} IGF-IR¢] mRNAE zx
e Ag ¢ F A

2. Phosphorylation of tyrosine kinase domain in
IGF-IR with IGF-{

IGF-IR9] ligand¢l IGF-1d] 2|4 IGF-IR2] &4
38 1) 984, serum-free mediadiolA IGF-1
€ oF 1087 %9 £, A% ddg 323 re-
ducing conditiono|A] IGF-IR 9] intracellular sub-
unit?] G-subunite] <4}  anti-phosphotyro-
sine antibody & ©]8-3}x western bloto.& @33}

4’
%& %
i

L
949 — 9.5 kb IGF-1
746 — 8.0 kb IGF-I
; 6.3 kb IGF-1
440 — " 4.5kb IGF-I

237 — | e— | 91 IGFI

1.3 —

|

Fig. 1. mRNA expression of 1GF-1 in 3T3 fibro-
blast cells using Northern analysis. Poly
(A)+mRNA of 3T3 cells was prepared
from 3T3 fibroblast cells by oligo(dT)}-

cellulose chromatography,

fractionated

on a 1% denaturing formaldehyde aga-
rose gel, electrotransferred and UV cross
-linked to nylon membrane. Sizes of the
IGF-1 mRNA bands are shown on the

right in kilobases (kb).

gt} Serum-free mediadlA 50 ng/ml IGF-1&
A7t IGF-10] gl iRl 95 kDa @ dg]
phosphorylationo] Z7}sk= A& HcH(Fig. 3).
o] 95 kDag] ulae IGF-IR€] intracellular
subunit®] A-subunit®] phosphorylationo] Z7lg
Rolmz IGF-Id] ¢l IGF-IR7} 843 RAe
& 5 ot

3. Effect of IGF-1 on cellular proliferation in 3T3
mouse fibroblast celi

IGF-19) @ AH|EF oR g deluy] $igf M=
GE 5% serum (5%, 1%, 0%)A IGF-1§
£ & 3 47 wjgE, MTT assay 2} *H-Thymidine
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Fig. 2. mRNA expression of IGF-I in 3T3 fibro-
blast cells using Northern analysis. Poly
(A)+mRNA of 3T3 cells was prepared
from 3T3 fibroblast cells by oligo(dT)-
cellulose chromatography, fractionated
on a 1% denaturing formaldehyde aga-
rose gel, electrotransferred and UV cross
-linked to nylon membrane. Sizes of the
IGF-IR mRNA bands are shown on the
right in kilobases (kb).

incorporation assay® A|#&}sicl. 3T3 Al¥Ee] A
X248 serum-free media (0% serum)Xrch
serume| §l= 5%, 1% serum-containing media
A w& MEFHE BH(Fig. 4, 5). £¥ IGF-
1& FolA| dizFol v]# 5%, 1% serum-contain-
ing mediac]y MEZAE F7irZlen, IGF-1¢
o det F7kske A& 2o (Fig. 4, 5). 28
1} serum-free mediaoMe IGF-Io] MEZF4E&
%7171 st} (Fig. 4, 5).

4. The role of IGFBP-3 on cellular proliferation
in 3T3 mouse fibroblast

IGF-1& Aol M 2F 90 % olgo] IGFBPs3} 2%
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Fig. 3. Increased phosphorylation of phospho-ty-
rosine-containing proteins with the treat-
ment of IGF-I. Cells were treated in the
presence or absence of IGF-I (50 ng/ml)
after starvation in the serum-free media
for 24 hr. Soluble proteins from total cell
lysates (30 ug/lane) were separated by
12.5% SDS-polyacrylamide gel electro-
phoresis under reducing condition, and
transfrred to nitrocellulose membrane.
The immunoreactive bands were detect-
ed by incubeting blots with anti-
phosphotyrosine .ntibody and visualized
using enhanced chemiluminescence kit
system. Sizes of band is shown on the
right in kilodaltons (kDa).

3=, ©|3& IGFBP-3¢| 7} B2 R8¢ 23
I glth. 22je2 IGFBP-37} 3T3 MEe] AXZF
Ao ovjAEe Jge ¥ s IGFBP-39 anti-
body (3H)2 AAF HEFNL BASN EY
anti-IGFBP-3& $44] IGFBP-39 Zgtenz
4, IGF-I/IGFBP-3¢] Z%HA free IGF-I°]
Balslo] M EEHe] IGF-IR} Aste], MEF4
£ 27" 4 9leng, free IGF-1o] IGF-IR%}
A= AL 941417171 918 dR; (specific anti-
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= Control
010 ng/ml 1IGF-I
2000 | 050 ng/ml IGF-!
= =100 ng/ml IGF-
o
3}
1000 r

5% serum 1%sprum 0% serum
meliia

Fig. 4. Cellular proliferation with IGF-I in 3T3
cells by ‘H-thymidine incorporation
assay 3T3 cells were treated with differ-
ent doses of IGF-I (10-100 ng/ml) for
72 hr under different concentrations in
serum-containing media. DNA synthe-
ses were evaluated by *H-thymidine in-
corporation. All values are the means
and standard deviations determined
from quadruplicate wells for each condi-
tions.

*p<0.05, #p<0.01 versus control.

body to IGF-IR)& AAHX R 94 Folsie] 2 Uzt
HFFE AESAE U Anti-IGFBP-3 9
dR;& 9= 9 WEFA] 5% serum-containing
mediaciAe AEAF] d2Fa) vinste ¥ W3l
& vEriA] gtch(Fig. 6B). 28y serum-free
mediad|AE anti-IGFBP-38 FoA] gzl H
& AEGFo] o 2u] ol F7IstcH(Fig. 6A).
IGF-IR¢] Z%3l= monoclonal antibody{l dR,
€ 95 F2 442 AAA £ anti-IGFBP-3& %
Al 2o viaste vs@ AEGdEE BYo
U, ddR:& anti-IGFBP-39} ¥&-5dAl= tl2Z)
ulg 2djold FUHEITh(Fig. 6A). ol anti-
IGFBP-3¢| °j3} IGFBP-3¢} ZA¥l3ld, IGF-13}
IGFBP-3¢] ZAftolA IGF-10] £elsjo] Al xEde]
IGF-IR¢} 298 & o), dRE AARZ IGF-
IR 23t free IGF-1o] M xHA2 IGF-IR

0.8 r
’
m Control
o6 b ° 010 ng/mi IGF-I
. w Q 50 ng/m! IGF-1
. m 100 ng/ml IGF-
o 0.4
0.2 |
1]
5% serum 1% sprum 0% serum
media

Fig. 5. Cellular proliferation with IGF-I in 3T3
cells by MTT assay 3T3 cells were treat-
ed with different doses of IGF-I (10-100
ng/ml) for 72 hr under different concen-
trations of serum-containing media. Cell
viabilities were evaluated by MTT
assay. All values are the means and
standard deviations determined from
quadruplicate wells for each conditions.

*p<0.05, #p<0.01 versus control.

o Y3 Rl ARFE F7HIIIA R,
dR,3} anti-IGFBP-3& W&5FoA): free IGF-I
o] dR,3} competitiondle] IGF-IRE& ®A3AA
MEFAE F7HTIE 2oz A4Er.

I @

IGF familys= IGF-1 (A= somatomedino]g}
£Y), IGF-1 & o203 polypeptidesZ insulin
3 ofs fARE F2AE AFA4E 7M. IGF-13
(70782] amino acid, MW 7649), IGF-1 & (67
7He] amino acid, MW 7471)& single chain¢]
polypeptide2 M2 70% 2] H71MQ9] 35AHE 2
I en, proinsuling= ¢ 50% 7} XA 2 ¥
%=38ltt. IGFsE 3789 disulfide bond2 €@ %o
A, B, C, Do} 4712] domaine & o]$ojA] 9o} ¥
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0
' Serum-frde media

B 0000 f
80000 |

60000 |

20000 [

0

5% serum-cpntaining media

Fig. 6. Cellular proliferation with treatment of anti-IGFBP-3. DNA synthesis of 3T3 cells were
evaluated with treatment of control (serum free media), dR; (1 ug/ml dR,), anti-
IGFBP-3 (1 : 5,000 dilution of whole antiserum), 4h dR;+ Anti-IGFBP-3 (4 hr pre-
treatment of 1 ug/ml dR, following coincubation adR; and anti-IGFBP-3), and dR,+
anti-IGFBP-3 (coincubation of alR; and anti-IGFBP-3) in serum-free (A) or 5%
serum-containing media (B) for 48 hr. DNA syntheses were evaluated by 3H-thymidine
incorporation. The data are presented as the means and standard deviations (SD) from

quadruplicate wells for each conditions.

1*p<0.01 versus control.

dY IGF-1& 3, AT AN A=Y, F2
oA A=, A TR oA B
growth hormoneol] 2J3] z¢-go} 2, IGF-1¢] 7]
T AR, 3%, T FoA insuling] g3 2
€ metabolic effect (gluconeogenesis, lipogene-
sis, glycogenesisT)& UEPd et opztrd,
chondrocyte ¥ t}& mesenchymal H¥X & X3
A Ee] 4EE mitogeno 21 M EZ7|oA
DNA #4& #ddh= Gl F7]|94 S F7]=2 o)3s}
A 8= progression factor 2 ¢# A ).
IGF-12 AMxude IGF-IR¢} ZAjsl=dl?,
IGF-IR+< insulin receptor$} v|5:3}9, 3719 di-
sulfide bond& ¢]5oJ7A heterotetrameric o282
complexE o]Fo] At} Extracellular a-subunit
(MW 130,000)+ ligand<l IGF-I13} A3 do-
maing Zt3 ¢lew, intracellular portionq! B-
subunit (MW 98,000)+ tyrosine kinase domain
€ Za gt IGF-IR 9] g2 IGF-13} Agts}o

mitogenic effect'*!, transformation® tumo-
rigenicity &'° f'23}l9], apoptosis (MXAFE)E
W2 5h=d 'Y, o] IGF-I& IGF-IRY] intracel-
lular B-subunit{! cytoplasmic domain] tyrosine
kinase& phosphorylationd] 2] gAJBLA A sig-
nal transduction® f%38l=d], insulin receptor
subunit-I (IRS-I) 2 Shc, Grb-2% o8 714 in-
tracellular signalling proteinE-& 84#A)7]= A
o2 BT g}, £ AYYA serum-free media
BlollA IGF-18 FoJA] =28} 95 kDa protein
9] phosphorylationo] Z7}3lg&=H], ol IGF-IR
9} intracellular subunitql #-subunit®] tyrosine
kinase domain2] phosphorylationo] Z7}g Ao g
deid ok E=F 9w BARAMEE o83
anti-IGF-IR antibody 2 immunoprecipitation 3
western blot& A|3jA] €4A] 95 kDa IGF-IRE& &
4 ¢Jo] (unpublished data), IGF-I¢] IGF-IR&
AT RE & 5 A
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£ dFoA 3T3& serumo] & mediadlA (5
%, 1% serum-containing media) HXZ2jo] ¥
31, serumo] gl serum-free mediaclir= AXZ
2lo] wre AL nYth. T3 IGF-1& F9A 5 %
9} 1% serum-containing mediaclA] IGF-1¢] %
o] wat AEFo] F7FHs A& HYouh, serum
-free mediadlA= IGF-1d] 2% Alx ZA&77}
QU ole YHEE MEAMo|A growth factor
& Jujslo], paracrine & autocrine A2 A
¥ F2Ao] olfo|RA|T, HAMEE growth factor
§ Bu|gtA] gol AE F2o] dojuiA] g Aes
AZE, £ IGF-1d] o Al $2& ZE Al
o] #UaHA ekt e Aeg deiA Ut

IGF-1¢] messenger RNAE 7t 5 o8] A7|9A
BaEn 9oms s 53 el 2 liposarcomad]
A =o] W¥sE Aew BasHy Yo’ £R IGF
-1 transcript® expression®] #-%9} 27| ¥¥ %
o] Mz & Rew HuEEH, ¥ Ay 3T3
AEE= 9.5 kb, 6.3 kbolxe 2702 major tran-
scripts$} 8.0 kb, 4.5 kb, 2.2 kbe] 37§2] minor
transcript& Bt} Tricolis&7 iy} i3t
XA 8.0 kbe] @ AR} 2.5 kbs} 1.7 kb
o] Fu|g W= #AHYL, WA Rotweind? At
@e] 74 1.1 kbe] major IGF-I transcripts} 6.
3, 3.7, 1.7 kb9] minor transcripts& R3] M2
t}& transcriptional patterng B udgedl, IGF
-1 mRNA7} €2 Jehl= 7138 8432 go,
transcription®] processingell W& TiFEt Wil
g Aoz YAHr).

AT Bt opa AIESY diFE AEE0|
IGFBPs& ¥u|sk=t], IGFBPss] @& IGF-1¢]
biologic effect & =A% ¥t opiel, 2EH X 4%
A AW 4 = reservoir poole] HTE F}®
=3 IGFBPs2] 9&e IGFsd] 23 d¥de,
Aol IGFs& ¥Hsta, o] IGFse g
718 ZIHA#A &t £ IGFBPso] IGFse} 2
Hale] 54 A7 23 FTAIL B oz, A

¥ §Ad9) receptord] AHE M= 75& FL
Qle}*-%, |GFBPs& IGF-19] mitogenic effect&
27t & #AaATIE Aoz 4A AeHl, olF
B3] AUy 7 gol ¥X3x U= IGFBP-3
& trimeric complex (MW 140,000)& acid sta-
ble @subunit (glycoprotein, MW 47,000-53,
000), acid labile g-subunit (MW 84,000-86,000)
8} y-subunit (one IGF-1 or IGF-1 )& o]F0}x]
3%% o] trimeric complex2] IGFBP-3v ¥y
o A o]E3sh} capillary barrier= E38x %%
=,

£ A¥)A IGFBP-3& Z341717] 18] anti-
IGFBP-3& 44| 5% serum-containing media
M MESAo] =T vs] F7151A] ggkont
serum-free mediad|Ae iR vg] oF 2v)] of
A} 274819k 5% serum-containing mediac A
= serum A IGFBP-37F o] ®eo} anti-
IGFBP-32 Z3ishs o] 284 %& o2 /4
=}, serum-free mediadlrs anti-IGFBP-32
253 A Aoz P, o2 A HES
o] vlsided, theel 27kA 7jdez mejd
4= 9lch. M= IGFBP-371 24 AXZ4& oA
3= A9-2 anti-IGFBP-32 8] Al X329 oA
7} g2tslo] NEZ4e) Faz vepd ZAfoln, o
& Jldo=2x IGF-1/IGFBP-39] d¥%o| anti-
IGFBP-38 54| IGFBP-3/anti-IGFBP-3¢] 2
gog IGF-lo| IGFBP-32 ¥E 2|59 free
IGF-Io] A AEZF4E& FEATIE Ftoltt. o
714& 37] 418 dR, (monoclonal antibody to
IGF-IR)& anti-IGFBP-38} H&-5oA] AXZ4]
o] anti-IGFBP-3& ©@% §d3 g F7hsld
a8u oRy& 441t AAX F dR.3} anti-
IGFBP-3& ¥4%4Alt anti-IGFBP-3 @579
Al RolE MEZ2 o] Holx] &1, tETH vk
A Jehdth. oj3e dRs? anti-IGFBP-3 ¥4
EojAlx free IGF-17} R, competitiondli} Al
¥ w9 IGF-IRY 2gstd NEFAE LR
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Y, dR:& AMXAE dRso] MEXEHY IGF-IR
9} @93le] free IGF-1¢] IGF-IR9} A¥ez] £}
of AEFo] JAlEls 442 Y4E). oy 2
2 Ho} 3T3HEe] 44 anti-IGFBP-3F04] Al
EFHad= IGFBP-39] MXZ49] JA& g3}3}
71 Bole, IGF-I/IGFBP-3 #3384 28 anti-
IGFBP-35cjA] IGF-1¢] IGFBP-32 ®E &ay
o] MEHWS| IGF-IRE ¥A43IAA NEZ2o] &
AY Aoz e

£ d¥9 #uz 3T3 A%+ IGF-I# IGF-IR
transcripts& zt31 glen], IGF-I& ¥4 IGF-
IRl A-subunit2] tyrosine kinase domaine)
phosphorylationA]# 843lA17|0), IGF-1& ser-
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