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The Role of Insulin-like Growth Factor I(IGF-I),
and IGF Binding Protein (IGFBP) in Mouse Lung Cancer Cells
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Background : IGF-1 is an important mitogen in many types of malignancies. Tumors also express many IGF
binding proteins, which modulate IGF action. The purpose of this study was to evaluate the effect of IGF-1 and
IGFBP on cell proliferation in mouse lung cancer cells (3LL).

Methods : The cellular proliferation of 3LL with the treatment of growth factors was evaluated using MTT
assay. Western ligand blot was performed in order to determine whether 3LL cells secrete IGFBPs and we
evaluated the effect of IGFBP on cellular proliferation.

Results : The treatment of 3LL cells with IGF-I increased cellular proliferation in a serum free media. Western
ligand blot of conditioned medium of 3LL with “¥I-IGF-1 demonstrated one single major band with an estimat-
ed molecular mass of 24 kDa. This band was identified as IGFBP-4 with immunoblot analysis using antisera.
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The addition of anti-IGFBP-4 antibody to abrogate the effect of IGFBP-4 resulied in increased cellular prolife-

ration suggesting that IGFBP-4 inhibits cell growth.

Conclusion : IGF-I increases cellular proliferation, however the secreted IGFBP-4 has an inhibitory function
on cell growth in 3LL. These findings suggest that IGF-I and IGFBP are involved in the cell proliferation. (Tu-

berculosis and Respiratory Diseases 2001, 50 ; 549-556)
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A ze] AL A = AEZA] (cell prolife-
ration) 3} Al ZA}7} (cell death)e] FH oJ3) o]F
ojZ=d oL MEZA o] BAY F& Al EA)ge]
A WS Aol do] 4k AL ofng.
ol MEZ2e L a3t AA W] o 7A A7 2
4= insulin-like growth factor-I(IGF-I), epider-
mal growth factor(EGF), platelet-derived growth
factor(PDGF), fibroblast growth factor(FGF) 59|
Aedl olE AFs4AE AR E (parenchymal
cells) &2 R]A|A) £ (mesenchymal cell)dl] 2J3)] &)
=)o} endocrine &-& paracrine effect22* == ¢}
M= 29l 93 autocrine effect 2 M| EZA o] 3
o g},

IGF-1& ligand24) 19] 8¢l IGF-I recep-
tor(IGF-1IR) ) ut8-3to 24 FAHEY & 7} (mitoge-
nic effect)®’, &2aHg (transformation) & Zopt
A (tumorigenesis) & 281118 apoptosisE WA 81
= 9gE

IGF binding proteins(IGFBPs)& go1415 0l =z
oA IGF-13} Aghsled 1610 IGF-1¢9] vy & =
7WA Fi IGF-1& gvdlske dld=z 234 9l
th. FHZde IGFBPo] ANEZAe  gdslu?
apoptosisE FELA|A IGF-1¢] 9&ul= vhlE =
FeaIE veidivks 23} Qg2

old AA} T vhe-2 FHAH EF(3LL) A IGF
-IE Fosl] AEARE AFIPoH, =3
IGFBPE #&3l1 1 7)1%& 3RIskd, IGF-1 ¢

3LL A& 245+ IGFBPo] 3LL Alxe] 473
ol vAE 9FE AR

TR
1. MlZui2¥

3LL (American Type Culture Collection, Rockville,
MD, USA)S& C57BL/6 v}9-29] HAAEZ, AE
9] ueke Dulbecco’'s modified Eagle’s medium
(Gibeo, Grand Island, NY, USA)<)) 5% fetal bovine
serum(FBS), sodium pyruvate, nonessential amino
acids, L-glutamines} 28l ¢] vitamin solution (Gibco,
Grand Island, NY, USA)& A3l 5% CO, Al
wj 7)ol 37°CAA Hl g3l

2. HZBA

ME2] ZAAEE 3-(4,5-dimethylthiazol-2-y1)-2,5
—diphenylietrazolium bromide (MTT, Sigma Chemi-
cal Co., St. Louis, MO, USA)E ¢]§-3}e] Z43}ich
MEE= 96 well AlZajekgr]dl 2,500 cells/well2
B3 & 1247 o]} widste] F-&Al7]aL, FBS
7} gl AIE s gAell A 24417 wigsiict. L -
serum free & serum containing mediadl*] IGF-
I, IGF-II, des-IGF-1 @ anti-IGFBP-4 (Upstate Bio-
technology, Lake Placid, NY, USA)ZE Ag]3ta 3¢
7 st 3, MTT(HEES 5 80 1g/ml)E 7}
slo] 2u12] 3AIZE wi g TR ul GA-& AlA IR
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Axe Z2A35= W0 pf9  dimethylsulfoxide
(DMSO0) (Sigma Chemical Co., St. Louis, MO, USA)
& 7} welld] #H7}3+ &, spectrophotometer (Dyna-
tech, Inc., Alexandria, VA, USA)Z 570 nmojA &
g &8

ey
3. Western ligand blotz} Western immunoblot

Conditioned medium& 97] 28] A XS 6-well A
¥ ujjokg ool 5x10* cells/well2 B33tz oF 12

AZE v deted BAAIZL B, A2l g AlAS AL
FBS7} gl A3 u gelofl A 24A17F vl ksieich. &
.2 protease inhibitors(2 mM EDTA, 1 mM PMSF,
20 (M leupeptin, 0.15 U/ml aprotinin)& s
Centricon-10 (Amicon, Beverly, MA, USA)& o] &

sl &3l 11, 125% SDS-PAGE=Z #ArjdEst
%, nitrocellulose membrane (Amersham, Arlington
Heights, 1L, USA)o} Aojr|7t}. Ligand blottings
#3] membraned 0.1% Tween-20& 43} Q)
+ TBS buffero]A] -IGF-I (1.5x10° c¢pm)
(Amersham, Arlington Heights, 1L, USA)2 4°C9)
Al 1817 wlkslal zipaAMd o s wEEig),
218 membraneg Yx}aA|<)
rabbit anti-human IGFBP-2, -3, -4 antisera (UBI,
Lake Placid, NY, USA)2 204 1A17 B9t uljak
3t} o]2EHA| 9] peroxidase-conjugated anti-rab-
bit secondary antibody (Amersham, Arlington
Heights, IL, USA)2 Z-2oA] 1417t W3-A171 3 A
#3193, ECL (Amersham, Arlington Heights, 1L,
USA)E A& aledct.

Immunoblotiing &

4. B 24
BE AY A FUd £ 258 (mean +SD)
E33 a2, 5484 B8 Student’s f-testZ

Ssiien, pgkol 0.05 o3l
o Aoz AT

& $A%E R

do i MU

2r 8 Control

B10 ngiml IGF-I
W50 ng/ml IGF-I
0100 ng/ml IGF-
W50 ng/mt Des~IGF-
W50 ngiml GF-II

Fig. 1. The Effects of IGFs on Cellular Proliferation.
Cells were plated at 2,500 cells/well over-
night and then serum-starved for 24 h in
serum free media. Media were aspirated and
cells were treated with serum free media in
the presence or absence of different doses of
IGF-1, 50 ng/ml Des-IGF-I and 50 ng/ml
IGF-1I for 72 h. The cellular proliferation
was checked by MTT assay.

*p<C0.05 vs control.

2 7

1. IGF-12] MZZSAl0]| cHEt F&

IGF-Io] o]3t AlEZ4] o252 Jolir] 9ja] MTT
assay & Ala1519it}. 0% serum media 1 T)&o]
Hlal o8] %19 (10, 50, 100 ng/ml) IGF-1& %
QA AEFAel elelglAl Sl e (p<0.05),
IGF-19) §24¢1 des-IGF-I7} IGF-1I& FojA]
2o Bl 9o AEEHE BA(p<
0.05) (Fig. 1)

2. O}~ m|2tM[EZ (3LL)oflA] IGFBP 2] 24|

vl HPE(SLL)A BuEe IGFBPE #
¢18l7] 98l serum free media & 24417} Ay &
conditioned mediag F&81 YAFSE G, ¥
-IGF-1& o]&3&lod Western ligand blot& A}33st
Axt £2% 24 kDag] @ s #8438 5
th(Fig. 2). #8l8l 24 kDa¢] IGFBP:= anti-
IGFBP-4 antibody2 Western immunocblot-2 A]3l 3t
Zx IGFBP-4¢] Ao &1},
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Fig. 2. Secretory IGFBP-4 from Conditioned Media
(CM).
Cells were incubated in 6 well plate. Cells
were treated in serum free media for 24 h
and conditioned media (CM) were collected.
IGFBPs in CM were concentrated and sepa-
rated by 12.5% SDS-polyacrylamide gel
electrophoresis (PAGE), transferred to ni-
trocellulose, incubated with '*I-IGF-1 and
detected by autoradiography. A 24 kDa
IGFBP was specifically recognized by an an-
tibody to IGFBP-4.

3. HESAlo| cht IGFBP-42| of&t

IGFBP-471 A¥Z2d] nx&= 93e ®Hr] 23
anti-IGFBP-4 antibodyZE 713t &, vl #HUA|

¥ (3LL)Y AEZ2]E MTT assayz &331%d.

Serum free conditioned mediac] 4] 4=x= 0.91+

0.4°]%13, 1:50000.2 343t anti-IGFBP-4 anti-

bodyE Foi3le wf 144 +0.172 folap A EZA
o] FEe &4 BEF F+ YAH(p<0.01)
(Fig. 3). ©]2]3t 272 IGFBP-4& A ¥Z2]& 9
Ak 715E 7L 08-& 7R o 2 &4 9t

I &

Insulin-like growth factor(IGF) system-& ligand,

2 -
* *
1.5 F O Control
a W Anti-IGFBP-4
s 'T (1:5,000)
850 ng/ml IGF-|
0.5 |
0

Fig- 3. The Effect of IGFBP-4 on Cellular Prolif-
eration.
Cells were plated at 2,500 cells/well over-
night and then serumstarved for 24 h in
serum free media. Media were aspirated
and cells were treated with serum free
media in the presence or absence of anti-
IGFBP-4 (1 : 5,000 dilution of lyophilized
whole antiserum) or 50 ng/ml IGF-I for
72 h. The cellular proliferation was che-
cked by MTT assay.
*p<0.01 vs control.

receptor, binding protein® & 74z B3pdAQ)
ZAle)e}. Ligandel IGF-13# IGF-1I+& Q<&dd} +
27 %57 (homology)& 7FA|3L 1 ® %, A|EA
A 238 24kl 4% 98 S 47
o] s8A% Afsh= A oldd= U7+ IGFBPs
I 5& sy F Soldg za 2. IGFsE
o] FRe] A A4 FeE B ol A=) &
Z2 g oA {AE AEFNMT FAgol B
E_E]%}]\E]_ZG—ZS.

£ AgolA= IGF-Io] A3l ougt Jas
m X A Gopry] H3 MTT assay & AlYside
H], 3LL A|¥o)A] serum free media(0% serum)
M= IGF-1 H7F Al gjz23d] vls] AEFHe] =
71813 e, 1% 2 5% serum containing mediac)] A]
© AlEFHd dFE vXN gotrt. wEpx 1% 2
5% serum media, Z IGF-Io] 7|&4] &A)s}= wl=]
o IGF-1g& #7} Aldle AEF2o] Wart glole
1}, serum free media, £ IGF-Io] &x5}#] &+ ol

A9 1GF-1& 37t Aldll= A EF4 Y] 3718 B3
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T UART. ZF 1% 2 5% serum containing mediad)]
< 71&¢] IGF-19)] o} Alx7]71 Flg=] 1 QoA
A7)ell IGF-1g Frlslciehs AEz7)e] A2 5
3 AEFAO)E 2 dgo) QYW W, IGF-To] g1
T free mediaol| IGF-I& 37} Aldl+ v]E4 HE
2717} Ao AFZ20] 27k o= A2,
A IGF-To] F-AHEE &4 (mitogen) Y& 81
% glgiet.

IGF-1 8 IGF-11 2}7te] 58419t Agsh= 2
ol & Uite] IGFBPs#} £ M3hd 2 So)y
S Zty A, AE7R] A F5e] IGFBPs
(IGFBP-1~6)7} 39 1on o] IGFBPs:= Al
Fof| & IGFse] A8-& 2-sh= Aoz dA 2
o} IGFBPs9] 7t pijd 52 M2 F2F o7 |
SR EF 7] £¥g 5A4S sRa
IGFBPs 94| of8] Sl 2F01 FYolA Adgo] B
A o ZEJAZA ] 9dFgE Fdrhn P,
Iy O 2AU)ed diside =de]l JoA
IGFBPs= IGFse] HE3d 48 FIANIV=
AL ® A7 ki ST

£ A¥dM= 3LL AYH EF N IGFBP-4 ¥
H]E Western ligand blot, Western immunoblot.® 2
1519 . Conditioned mediadl| 4] H4]¥ IGFBP
& Z4Z}9] anti-IGFBP antibodyZ Western immuno-
blot& Al3er 23} #2459 IGFBP+= IGFBP-4¢0)
FelH ). =& Enjgl IGFBP-471 Al 2344 o]
M G xR golrr) 98] IGFBP-49] anti-
bodyE sl AxFHe] wHsiEs s
Serum free mediac] ¥)8}le] anti-IGFBP-4 antibody
£ A7HIE o MEF2He] ¢F 50% Frlshe &4
& EAY. s 2 A3 ZAFA HEe| anti-
IGFBP-4 antibodyE A 2|3t9& W AlEF2]0] 37t
k= Aoz Hol 2u|d IGFBP-4&= A ¥32]4 <
Adhks 715€ 7L Yvke A Edes ¢ &
At

AA7A w82 IGFBPs & IGFBP-37} 2179
A Fd dadz dzict. Oh 5-& Hs578T 7t

Sk ¥ o)A transforming growth factor- X TGF-
Aol 23 MEAFA =7 IGFBP-3 A/ <fa]
g A& #Fs] IGFBP-371 4aA1 4
AR QA ZA Y] AL Frhar ST & Nick-
erson =& MCF7 3¢ 294 IGFBP-3&=
IGF-19] IGF-IR9| tj3t HESH S AL 0 2H
apoptosisE 37IA|7|22 IGFBPs7} apoptosise]]
3 24758 7o Bt

IGFBPd| A#so] e IGF7h WEHo| 249
IGF receptorel] E2sh= 71-e| tisiAx= 2 4= A
AA @om, dZ % IGFs2 60~90%7} A€
150 kDa IGFBP-3 complexZ5¥ oj@4 IGF7}
BEHE=R7E Fle] gigelA|ut o1F s B A
YA @} ot FHolN EF EAjsk= IGFBP-3
protease activity’} 150 kDa complex HolA]
IGFBP-3& 28 Hajsle] IGF ligand?] affinity
£ "ojreg] o 24 IGF & W&t Bavf glou®,
IGFBP-3 protease activity7} /9] gl 917 8%
el IGF W& 71dL dslA gv. 2 53
IGFBP+ IGFe} F33p 1 AA =24 BEEA 2
o] Qi s, Jones & IGF-Io] CHO
ARwA Lol A IGF ligand9] Ex¢t BAIRle] BB
1 integrind] A3l A Eo]5-& =3t} s}
93% Oh & Hs578T 17t F-HIAIFIA
IGFBP-3+& IGFBP-3 $=8A|d] ZAg3led A X322
& Wagtta Rusigrte. gy IGFBP -84
o EAclRe BAEA o} FE FeA) B
RBA 2} NFZALAAE 43| gl A7) slofok
A

ke wgk E (SLL)AA IGF-1& Al 2438
Z7lx71, 3LLE& IGFBP-42 AAlsiH, ol=
3LLe A4S oAIsigt. 12h} IGFBP-42
IGF-1¢} 2§83l IGF-Te] 1 89 whg-sh= A
< A E = Y, AxFHe] FA, AE 9 7)F
(extracellular matrix)3}9] 4], <1418} ==
AR T3 & o A 9AEd oA A7
IGFBP+= ligandol tigt Xslg=l A2 g

— 553 —



— C. H. Cho, et al —

28-S WA = Aok e AR 0 a3

Z3til IGFBPso] IGF] MEAAd st Z7} 2

a7t BF BuEn QlolA 3% o B A

7} Qlojo} dlAlon, E¥d IGFBP S-S A&A
7= A2 4 A7-(gene targeting study)7} o]

T YEL HEske Hl B8] E ¢ g RAe= A}
g9

-‘l'

2 o

Al -

MEAA Bsl= 8 growth factor® IGF-I
2 IGF-IR9} ZA¥sle AE¥FAE FE3k= mito-
geno® YeiA QUrh. dRie] AR & HE
+ IGFBPs & #1]3=1] o]&& IGF-I»} A%}l
IGF-19] Al234 &3 371 2 AN »t
S22 A EF (BLLY A IGF-To] Al £ n|
e 2348 By, 3LL Ao &ulzle IGFBP
< F& gel3laL, IGFBPso] A% A3l n)x]= 9
e B3I

g o

-2 w2 (BLL)E ol&3ld, IGF-1& &
ol sle] MZAAAL MTT assayz ZA3)9x, 3LL
oA EH|E+= IGFBP& %3l Western ligand
blot ¥ western immunobloto 2 2lalgit). &3t
#H1E IGFBPo] A2 nX= 98¢ 2I)9)
3], anti-IGFBP antibody& 7}l 0|9 7]%&
A8l A T3 75 FASIT

Z It

IGF-1& serum free mediad]4] 3LL MZAZ3F4L
Z7M#H Y. 3LL Al¥= IGFBP-4 & YAst= Ae
o189l L, anti-IGFBP-4 antibody & H7}A] A
ZAAe] FITE a7 3":}%}5101 IGFBP-4+= A=
F48 oils See EHRez U
% 911,

ol4te] ¥ Atz 3LL nhe- oA Eol A IGF-1

o AEYRE —2—7}47]111 3LL°1W wg% IGFBP
-4 A 2FAE AF
& Esit). % IGF-13 IGFBPse] ¢ A7)
e 7| A3 dAE Fgdl g A7) deslelE
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