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The Role of Insulin-like Growth Factor I(AGF-1),
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-I 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-I 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-JIGFBP-4 antibody to abrogate the effect of IGFBP-4 resulted 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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oh| o] AAre Auldl e Al EZ4] (cell prolife-
ration) 7} A EAPY (cell death)?] F&e <3 o}F
ojzl=t] o]AL MEFH o] BAU & AlFEANgo
AA WAsHE A ool ARsHeE A drdH.
ol&l A EZ2o] Fad A Yol o8 742 47 &
29 insulin-like growth factor-I(IGF-I), epider-
mal growth factor(EGF), platelet-derived growth
factor(PDGF), fibroblast growth factor(FGF) 3ol
gi=d] o5 AFesE AEAXE(parenchymal
cells) 3-& x| A M E (mesenchymal cell)ol] oJa} #4]
5]o] endocrine £-& paracrine effect 2* & ¢
HE AAlel 2)3 autocrine effect 2 A EF2]o &
o g},

IGF-1<& ligand 241 19] 48A¢) IGF-I recep-
tor(IGF-IR) | whg-go 2 AR B a7 (mitoge-
nic effect)®?, @2 W& (transformation) ¥ FdL
A (tumorigenesis) & #48}1¢ apoptosisE #A| 3}
£ 98 gt

IGF binding proteins(IGFBPs)& &5 3l 22|
Yol IGF-Iz Zaslel’™ " IGF-19] W& %
WA Fx IGF-1& gutshs wEz deiA 9l
t}. FHTol= IGFBPol AMEZF2E  Agstal®
apoptosisE §AlA IGF-19) d¥¥e vid=
oraaE vehdvhe Bt Ao

olol] Az} & npe-2 HYM EF(SLL)AIA IGF
1e ERosle] AEAge BEsiged, =¥
IGFBPS #&38ln 1 7]%g #9sle, IGF-1 ¥

3LL A ¥o)A] 2u)5E IGFBPo] 3LL Ml®o] 4%
ol WX Fe B3I

Mz W U

1. Mizuie¥

3LL (American Type Culture Collection, Rockville,
MD, USA)e C57BL/6 u}9-~9] Az, A
o] w9k Dulbecco’s modified Eagle’s medium
(Gibco, Grand Island, NY, USA)el 5% fetal bovine
serum(FBS), sodium pyruvate, nonessential amino
acids, L-glutamine®} 24}¢] vitamin solution (Gibeo,
Grand Island, NY, USA)& A8l 5% CO, Al
k7)ol 37°ColA B BB

2. MZS4|

AEe] Z2AA4EE 3-(4,5-dimethylthiazol-2-yl)-2,5
~diphenyltetrazolium bromide (MTT, Sigma Chemi-
cal Co., St. Louis, MO, USA)E o] &3l &A% th
AT 96 well Al g87)o 2,500 cells/well 2
Bzg & 12417 o) Hjdsld FEA7)a, FBS
7} Q= AlE sjyolA) 24417 wieFEiETh 1 F
serum free & serum containing mediadl|A] 1GF-
I, IGF-II, des-IGF-1 2 anti-IGFBP-4 (Upstate Bio-
technology, Lake Placid, NY, USA)E Xt 3¢
7b wjokst &, MTT(HE5% 80 wg/mh)E H7}
slo] 2UlA 3A1ZE 4 TS uf gl g AlASIH .
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AEe] FAFEE 100 pl9 dimethylsulfoxide
(DMSO0) (Sigma Chemical Co., St. Louis, MO, USA)
€ Z welld] 3713 §, spectrophotometer (Dyna-
tech, Inc., Alexandria, VA, USA)Z 570 nmojA] &
B s

3. Western ligand bloti} Western immunoblot

Conditioned medium-& 7] $J3) HEE 6-well A
¥ w8716 5x10* cells/wellZ $3=3}m oF 12
AZY wjogste] AN &, Aol A7 s
FBS7} i AE wjogolo ] 24412F wjogaloict.
92 protease inhibitors(2 mM EDTA, 1 mM PMSF,
20 M leupeptin, 0.15 U/ml aprotinin)& 37}k
Centricon-10 (Amicon, Beverly, MA, USA)E o] &
sl FE3¥ L, 12.5% SDS-PAGEE d7|¢ %3t
%, nitrocellulose membrane (Amersham, Arlington
Heights, IL, USA)e]l mo]AZic}. Ligand blottingg
#J#l membrane& 0.1% Tween-20% 4311 9
= TBS bufferoA] '#-IGF-1 (1.5x10° cpm)
(Amersham, Arlington Heights, IL, USA)2 4°C 9]
A18AZE st ApgAdo s BrEsin).
Immunoblotting & $}8] membraneg x|l
rabbit anti-human IGFBP-2, -3, -4 antisera (UB],
Lake Placid, NY, USA)& A-20l|4] 1A]7} S9F v}
&1tk o]x}akA¢l peroxidase-conjugated anti-rab-
bit secondary antibody (Amersham, Arlington
Heights, IL, USA)Z &0l 147} vhgA121 % )
#3131, ECL (Amersham, Arington Heights, IL,
USA)E A3t}

4. BA &Y

2E 49 293 H7g + ¥329 X (mean + SD)
2 BHEs, $A9H 242 Student’s f-testE

S oM, pgkol 0.05 o]3td W& B4 o=
frofdt Az FAsig

8 Control

B10 ng/ml IGF-1
W50 ng/ml 1GF-1
0100 ng/mi IGF-|
850 ng/ml Des-IGF-I

50 ng/ml IGF-1 |
]

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-1 and 50 ng/ml
IGF-1I for 72 h. The cellular proliferation
was checked by MTT assay.

*p<C0.05 vs control.

2 o

1. IGF-12] HIZZ4ol cigt Hg

IGF-Iel] 2% M 234 JR5 dolus] $ja) MTT
assay £ Al3}3ct. 0% serum media ) T 27|
H)3 o8] %%2](10, 50, 100 ng/ml) IGF-1& =
oAl HZZAe] oJel9lAl Frhsl e (p<0.05),
IGF-19] #%A4? des-IGF-Iz} IGF-11 & Fod Al
T His 9dE MEZAE B (p<
0.05) (Fig. 1)

2. o} DIHMIE (3LL)ollA IGFBP2| &H|

oH-2 HAHE(BLL)oA4 BH)El= IGFBPE 3
A8zl #l8) serum free media & 2447t Az %=
conditioned media& F&3slm YilRa]sgc}. 2]
-IGF-1& )43l Western ligand blot& A]3)3t
A3t £218 24 kDad] ©d o g B3t 5 9y
th(Fig. 2). #4]9 24 kDa¢ IGFBP: anti-
IGFBP-4 antibody2 Western immunoblot& )8} &
A7} IGFBP-49¢] o] 395},
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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 125% 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. HIZZAol| cht IGFBP-42| gt

IGFBP-47} A% vlxle 43S 27| <4
anti-IGFBP-4 antibodyS #7138t %, vj9-2 #HgA)
T (3LL)e MEZ4E MTT assays® A3
Serum free conditioned mediad| A2} FX+= 0.91+
0.40]93%, 1:50000.2 8X% anti-IGFBP-4 anti-
bodyS S431e W 144 +0.172 F-2I3A A £33
o] ZyiglE AAL BWEAY F UATH(P<0.01)
(Fig. 3). o]83t 272 IGFBP-4= A 232g o
AR 71%5e R USSR F oz g5 AU

o

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

2 -
* *
15 F OControl
a I B ANti-IGFBP-4
s ! (1:5,000)
B 50 ng/m! 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 . & AR B339
z}A ojt}. Ligand¢l IGF-13} IGF-1I&= &} +
%% %4 (homology) & 7I|L U™ ¥, AMEA
A3 238 sl $83 988 397 747
o] Fgxjsl Atk R olool= UFel IGFBPs
3 e s % Sol4g i e, IGFse
o7 2He A4 2AA FE B oiiet o) ¢
%2 2 A E A FE AEFAME FE5l B
L

B Ao M IGF-Io] A ¥Z4o) ojm§ &<
v A golwy] $lsh MTT assay & A=
d], 3LL A]¥o|A] serum free media(0% serum)
= IGF-1 H7t A] tizaol vlal] Alxgte] &
7kt o1}, 1% 2 5% serum containing mediaci A]
= A EEN 93 nAx) gtk mepA 1% 3
5% serum media, = IGF-Io| 7|&d| &A1= vjA|
o] IGF-1& 7l Adle AEZF2e #shzt gl
1}, serum free media, & IGF-Io] &A1 314 g+ ul

Aol IGF-1& F7} Al N ESH ] $718 B3
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T Aot & 1% 2 5% serum containing mediad]]
= 7159 IGF-19) &l A ¥37)7} Ashs]1 glolA]
of7]d] IGF-1& Hrisidele AEFr1e A4e £
B AESHAE & FFo] N v, IGF-Io) ¢l
© free mediadl IGF-I€ %7} Aldl= vlzs Ax
F717h Aol AEEAo] Z7bd Roz Az,
w2bA IGF-Io] f-AREE &4 (mitogen) Y& 1%
% Slgic.

IGF-1 9 IGF-11 & z12e] 849} Agsh= A
ol9joll = U] IGFBPs:} ¥ X3 9 Eo)y
& 7ty AP, A7) 94 £8e] IGFBPs
(IGFBP-1~6)7} 3% %108 |5 IGFBPs:= Al
2ol & IGFse] #4-& zdsh= Ao guid ¢
% IGFBPs¢| 7 gladge Xz F23 o= i
KA EF o] 5 £5A4& s Ut
IGFBPs 94| o8] M| x50} Fgoll A AAgo] vt
A o AARZA Y] AL P PG ®,
Iy 2 2% dEide =80 ol
IGFBPs= IGFse] 4233 848 F=
st ® AF A7 = Fokar S,

£ d3d4= SLL AgMEFN IGFBP-4 &
H|E& Western ligand blot, Western immunoblot® s
gel3lyt}. Conditioned mediadl4] HH]® IGFBP
& Z47te] anti-IGFBP antibody2 Western immuno-
blot& A%t A3 A&E IGFBP+ IGFBP-4¢¢]
=2t E3 FujE IGFBP-47}1 A XZ4]d) o
W G )= Yoldy) 93 IGFBP-49] anti
bodyE& Fodsld AxF2e wHzg AL
Serum free mediad]l H]8led anti-IGFBP-4 antibody
€ /189S o AEF4 o] & 50% FIlehe 44
& Bt el & A3 AuoA BFo| anti-
IGFBP-4 antibody& 2|3} & o Al ¥F40] %7}
3k Aoz Hol Hu)g IGFBP-4= M X248 o
Adke 7158 7L dths A& "oz ¢ 4
AAH.

HA)71x] g8z IGFBPs % IGFBP-37} <17l
A Fd 9ldz geizlth. Oh 58 Hsb78T 7t

Fr b oA transforming growth factor- & TGF-
Bl % MEAY AA7F IGFBP-3 A o))
g The A& BE3le] IGFBP-371 9xHel A
A AAZA Y e gk ST = Nick-
erson < MCF7 §9e x4 IGFBP-3:=
IGF-19] IGF-IR9| ti3t BV L Far7o N
apoptosis& #3A)7|=g IGFBPs”} apoptosisdl]
HE 247)5& 7Pt Bl

IGFBP A§sd] gl= IGF7) WaEo] 239
IGF receptord] E€3h= 713 sl 3 gaA]
A gtow, EF & IGFso] 60~90%7} AA=
150 kDa IGFBP-3 complex25€ %A IGF7}
WEE A7 B4 digelgt olF Bas) wER
JA ot ot FHel|lM "o EAj3k= IGFBP-3
protease activity”} 150 kDa complex ujejjA]
IGFBP-3& {4 #3fisld IGF ligand9] affinity
€ "oy o2x IGFE ¥&3cs vt gloy®,
IGFBP-3 protease activity7} 2] gl&= 17t €3
d49] IGF & 7™ Fsia] Q. 42 &
IGFBP+ IGF¢} T334 21 A28 BB 2}
o] iz dl¥Ed, Jones & IGF-Ie] CHO
AFrEAEANA IGF ligande] Exj9} #A1le] 5B
1 integrind] A3l MEolE-L A3} B s}
Ai*, Oh B-& Hs578T A7t {3k Eo)A
IGFBP-3% IGFBP-3 849 A2gsle ME2
< P Baskicke. aey IGFBP 484
o] SN FAA| ol FF FgH o] gHF
A o} ABHAGHAE 4d3) B3l A7t Yook
4=

uhe-2 wek Al E (BLL)IA IGF-1& MEAAL
Z7MA71H, 3LLE IGFBP-4& AjA&, o=
3LLe} MEAFZE A3}, 12y IGFBP-4&
IGF-1¢} d3tale] IGF-Io] 1 489} vlesl= A
£ AT = A1, MEgAae] B4, AE 9 7A
(extracellular matrix) 3e] ¥4, QA3 F= oy
A& T 2L Ay 7R 8459 JsiA Gzt
IGFBP+ ligandd Wi 1s=3 g2z o3t
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248 WAL § ok @A A W A7 F
Zalx IGFBPso| IGFe] M EAg] g 37 3
Geast 55 BuHD oA 8% o BE AT
7} glotot slalon, E¥% IGFBP fHxkE 2EA]
7= 9dA %3 7 (gene targeting study)7} o1&
3 o2 Ak ¥ E80] B F UL FoR A
i=2-20=

2 <%

Al

AEAA BAsh= o] growth factorF IGF-I
o IGF-IR9} ZAgsle] MEZFAE FUsHE mito-
geno 2 4A dth tFEe] AT B PR
= IGFBPs& #H|ah=t] o]5& IGF-13} A3tsie]
IGF-19) M¥34] a%E 7t £& JAAAT. =t
S P EF (3LL)SA IGF-To] Al 24373l vl
e g78 B, 3LL AlEdA Evse IGFBP
& %2 #lsla, IGFBPso] Al 37 w3 3
e FhEatcth

-

upe-x Hok¥F (3LL)E o) &3ld, IGF-1& F
ofsle] MEAPHL MTT assay 2 43193, 3LL
oA EH|EE IGFBPS #%3le] Western ligand
blot 2 western immunoblot .2 el&lyc}. Ed
2ujg IGFBPo] A|¥A4e] wX& 48e 2714
8, anti-IGFBP antibody& #7189 ol9] 7|58
A sled A A A B3 7)5E BRI

A 1}

IGF-12 serum free mediadl|A] 3LL A3 4-&
277tk 3LL M ¥ IGFBP-4& A3l A&
3018}, anti-IGFBP-4 antibodyE H71A Al
A Fo] ZvhE aZo| A IGFBP-4& AX
Z2le A5 71%E VNI Y-S MR ¢
F AAS.

4 B _

olAte}l A% Aztz 3LL ule-2 A £ A IGF-1

o A EFE Z7HA719, 3LLAA A€ IGFBP
-4= AEEAE Ak 7E5E 7K Ao A
& Bt &% IGF-17 IGFBPso] ¢ A7
)= 7| A QA4 e diE A77t dgsieet
EA =N
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