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FHELTOVAUREELDLLOD, ZOWILINIH
RiZZ L, 2 THRFFRTIIFEK 4 1L B6C3F1 ¥ 7 A
ISR R LI FEB X OF 0 FE» S8 L-FF
FEMBIMR & VT, IFBRIE BT 5 IGFBP-rP1 &
EFORE*HS 22T 5 HMT, IGFBP-rP1 &%
FORBLEZOWIHEEICB XIZTHEBIIOVWTHENZ
fTo72e 612k FFEIZBIT S IGFBP-rP1 BIZF
DREBIZOVWTOREFEZIMZ 72,
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1. BBtk I85E & B IBFEEFMIMMEEDR

B6C3F1 <7 A2 3Gy D y HMBE 21T\, % H
Bl COREMAZEL, 10% FBS, e Fuais
V'Y (320ng/ml), £ AU > (8ugml), EGF (10
ng/ml) ZRML 7z William 3% AV THEEL, <
ZV YAy TEERWCIO - T ERIT, B
MARaRR % BESL L 7o, MEFRIERE R & 5HE 3 5 BRIC43,
1000 F > %247 = V7L — bicE &, FBS
BEZ25%& L7 William ¥# TR # L7, Mgk
i,-1, 3, 5, THBIZAEY A b A—F—%2H»
TEH L 72,

RS L ) BEREIEL 2b L, HETIDD
BB THHMT 882 % ) BBIERAHIME
BT B, FITHERERIIBITIAIO=—D
R % B8R4 5 2 LI & b BIFIEARFE SR AE 4 57T

L, MIBBOESEDEZEEL L7 30mm 74 v a
1MH70 5 X103EFToOMAL%22.5% FBS £ & tr
0.33% BRI T 7 HEBEEL, Bl Ehlaon=
— D ET A XL RFHEMEET TR L7z, BRI
rau=——nH A 7\'173‘60;11’(11«1_}:&"9 (++),60pm
Kk s (+), an=—%FK LeilakiE (-)
LERL,

2. /—¥>rJOoy MEHR

Bk U7z ARk, B6C3F1 = 7 R D IEF AT ALK,
B L URSRFRIFEMMEA 5 AGPC HEIZ LY total
RNA i L7z #NEN 1048 T 2D total RNA
%, 200 M MOPS /Ny 7 7 — 2 W TI8% KNV AT
VFE FEat 1 %7 Ha— A7 VI TERIKE#%,
+ A0 A7 Ly (Hybond N, Amersham
Pharmacia, Biotech, UK) ~NhF Y A 7 7 — L,
Stratalinker1800 (Stratagene, CA) iC& D X 7L »
NDZTIRY) YT RFTol, IGFBP-rPIcDNA %
Megaprime DNA labeling system (Amersham
Pharmacia, Biotech, UK) {2 & ¥ [32P]dCTP T L 7
TO—=T7EHNWT, P A77—-3N7RNA KX
42 CTI6EERINA 7)) 54 X &%, X871 V4 (X-
Omat AR5, Kodak, NY) (Z—80°C T307% \» L 48k§ /&
FEE72, BREEOERIL BAS2000 % FVTiTo 72,

3. IGFBP-rP1 B~ 7 & —D{ER
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» 5 IGFBP-rPl &fz¥%/su—=r71L, Th%
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IRESneo2 (Clontech, CA) @ Nhe I %41 FIZHARAA
720 Z @ ligation W% TOP10F’ (Invitrogen, CA) IZ
AL, Ty Vit s o - BBEIR L7, £
NEROIZO—U05 75 AI FeRERL, HBREE
FHWTA ¥ —+vFxv 2 %1T-> T IGFBP-rP1 %
WA 4 —%2IR L7

4. |GFBP-rP1 3&HISRIRMAT D 1ER

WEHREF L 7B OB L7 P iatk o o
L, RSGIEEFHERERES M <, WEMD IGFBP-rP1
DERAVFTVMBEKLERL -, BEFEAE,
1.5 X 10E DMK I3 L IGFBP-rP1 BH~X Y & — A%
0.4u8 2% BHICFA% L Effectene transfection
reagent (Qiagen, CA) # WU RT7 22 ¥ a VEIZ
L 0fTo7, ZOMB L BIZTEARIBKEEDD
G418 (500 g/ml) ZRML - HEHATHEEL, £&
ol MlaHE L a0 —%R=2) vy T
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WK DB 7o, $/-0BE LT, IRESneo2 DA%
FERRDOFETEALHMBEERL:, Ihs oMl
(2D THL IGFBP-rP1 HifK (SantaCruz, CA) % A\ 72
Yz AY 70y MEIZLD IGFBP-rP1 EHDHH
LAV ERREN L 72,

5. 91 X&>70Ov bk

B0X10ME DML 204l DHF TNy T 7 —
(100 mM Tris HCI (pH 6.8), 200 mM dithiothreitol, 4%
SDS, 0.2% bromophenol blue, 20% glycerol) Z%%
L, 100CT55MA ¥ 2~—k L72# 12,000 rpm
TIOTMEELCTHEL THO N L L KB HOY ~
7wtttoﬂ/7w%m% Y7 7Y NT IS

VIZikE) L, PVDF X » 7L » (Hybond P, Amersham
Pharmacia Biotech, UK) {270 v 51 7 L7z, X~
TLryER, TO0yvF SNy 77— (0.06%
Tween20 % & &+ Tris buffered saline (TBST) {2 5 %
P2 BH) O T4 TCTT—f v FaxX—FL7
%, F 3 TBST T300f52# ML 721 ¥ ¥ IGFBP-rP1
Pk (Santacruz, CA), >KiZ TBST ’520,000%617&‘?%{
L 7z HRP #&¥Hiv ¥ IgG Pifk (Santacruz, CA) 2
NEFNERTIBEIORID S8/, HRP ® ¥ 7 F
V% ECL detection system (Amersham Pharmacia
Biotech, UK) THH L 72,

6. BEEHREEDR

30X 104ET > D% B6C3F1 v 7 ADEEHET
ML, R SNAEEO KX % 7THEZEHIL
YA

= S

1. ¥ XiH&E, FHEMRaKkiCH 3 IGFBP-rP1 @
RBIR
EEFE, REBETHERELLZFEIIDVWTD ) —
FrTay MES TR, EEFEEIC TR
T IGFBP-rPl DHEBE T #78H7- (Fig. 1a), 5TH44#
DR FEFAZICoWT/ —F 7oy M
Wi %472 IGFBP-rP1 DRBEZ B L2 25, 444
394 CTHFREIZ B\ T IGFBP-rP1 DRBIETHAA L
n, ZORBEIEFH L HNT64.5£29.7% (p<
0.001) TH-o7- (Fig. 1b), FHEMERTIX, BEIE
KEEERERESED L2 VIR (—) kT,
AEGIEERF BT RE DS VifakR (), SRV ESIE
WG AT A Mtk (++) Tid IGFBP-
rPl1 DFEJUKT 1A LN, FRIHEER (++) 28w
TEHTH -7 (Fig. 2a). IGFBP-rP1 DRBlE% 3 -

ToF ORBBTHELEICEIYERLAEES
A, KMifEE (—) Tid1.103+0.627TH o 7-DIZ3xT L,
MRk (+) TI30.516+0.420 (p=0.0085), HikLtk
(++) TIi30.188+0.314 (p<0.001) &, IGFBP-rPI
DEBUKT & BHFFRFHMEEOBI L OMIZEE
ZHESA LN (Fig. 2b)o

2. FFE#BIAEN D IGFBP-rP1 il A

IGFBP-rP1 O3B M1E 2 & 5 HIERE~DEBIZOWn
THE$ 5 EBMT, IGFBP-rP1 ODRBITH MR
{2 IGFBP-rP1cDNA % #l&A A 72 IRESneo2 BEH N2
5 —% &AL, IGFBPIP1 %5 RB &/, 72 R
¥ 78y MEIZE D IGFBP-rP1 OREB L NV %
2L T3>0 IGFBP-rP1 sl MMk % #IR L,
#MnFN rPla, rPlb, rPlc & @& L7 T bO—
V& LT, IRESneo2 D& % Al —HIl & A L -k
PREMEE L, Vector &in%& L7 (Fig. 3)o
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Fig. 1. a) Northern blot analysis of /IGFBP-

rPImRNA in radiation-induced hepatomas (T) and
normal liver tissues (N) in mice. Decreased expres-
sion of IGFBP-rPImRNA was shown in hepatoma
tissues compared with normal liver tissues.

b) Expression level of IGFBP-rP1mRNA.
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Fig. 2. a) Northern blot analysis of IGFBP-
rPImRNA in hepatoma cell line in mice. (+ +),
(1), and (—) represent the capacity of anchorage-
independent growth of each cell lines. (+ +) cell
lines can form colonies in soft agar greater than 60
pm in diameter. (+) cell lines form colonies in soft
agar smaller than 60 4 m in diameter. (—) cell lines
cannot form colonies in soft agar. IGFBP-rP1mRNA
expression was negatively correlated with the
capacity of anchorage-independent growth.

b) Expression level of IGFBP-rP1mRNA.

3. IGFBP-rP1 BEEEIC L 3 MFAREEEA DR

rPla, rPlb, rPlc, KU Vector i22WT, 1X103
BFoOMBE %24k 7L — MATEEL2HILI
M E M L7 ZD#E, rPla, rP1b KU rPlc
DOTHOMMIEBETD Vector IZHRFZHFER ICB W
THBBEDETIED 5N (Fig. 4),

&0 — v OMREMRR (To) &, ROAXTEH
gL/,

Vector rPla rP1ib rPlc

32kDa —

Fig. 3. Western immunoblot of cell lysate from
IGFBP-rP1 overexpressing clones (rPla, rP1b, and
rPlc), and IRESneo2 control cells (Vector). The
32kDa IGFBP-rP1 protein was demonstrated by an
anti-IGFBP-rP1 antibody.
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Fig. 4. Population growth kinetics of IGFBP-rP1
overexpressing clones and control cells. Time
curves indicated that cell number declined at each
points in rPla, rP1b, and rP1lc compared with vec-
tor-transfected clone.

Table 1. Population doubling times of each clones.
IGFBP-rP1 overexpressing clones had a tendency to
increase in population doubling time.

Cell line Doubling time (h) =SE
Vector 20.2+0.64

rPla 35.8£0.3

rP1b 24.6+0.76

rPlc 31.2%+1.06

Te=0.3T/logA/A0 (A BEE T IZBITAMA%, A0
BAORBSIZBIT M%)

rPla, rPlb, rPlc Tid Vector 12N, HEEIIA S

niend oo, HMEEMEEETER L T A [ A
L7z (Table 1),

4. |GFBP-rP1 #BEIRIC & 3 BiBFEKIEMEIETERE
DR

rPla, rPib, rPle, K Uf Vector DEREXREH * H

Wi RISFERAF IR RE 2 AR L 7o BRERKEHIC B

A oo = —BEE, Vector TI3405.0+34.6f T
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Ho7zDIZxL, rPla TI399.0+9.8M8, rPlb Tl
50.3%14.6f#, rPlc Ti380.70+11.218 %, IGFBP-rP1
SEE BB O VT IZB VT H Vector 1 H_FEH
WA LT 72 (p<0.001) (Fig. 5)o & 512 IGFBP-rP1
PREIRIBMAAROTEK S 5 20 = — 1%, Vector DIE
BT 530 == R T/P SR A SR (Fig.
6)o TNHDFER XY, IGFBP-rP1 DREBEEIZ LD
BRI RES IR S N D Z LRSI N7z,

5. IGFBP-rP1 REERIC & BB REENDF
rPla X3 rP1b & Vector & % B6C3F1 ¥ 7 A D&

TIRBMHEL, 1EAMEIERSNIEEOKRESEH

E, L7z, ZO#E, FUEHIIBBVT, Pla
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Fig. 5. The number of colony formation in soft
agar. Decreased colony formation was shown by
overexpressing IGFBP-rP1.

a) Vector

b) rPla

Fig. 6. A pictorial representation of colony forma-
tion in soft agar. Colonies formed by rPla clone
- were smaller than those formed by control cells.
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Fig. 7. Vector control cells and IGFBP-rP1 over-
expressing clones were injected subcutaneously
into the back of B6C3F1 mice. Size of tumor forma-
tion was decreased by overexpressing IGFBP-rP1.
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Fig. 8. a) Northern blot analysis of IGFBP-rP1
expression in human hepatomas. Decreased expres-
sion of /GFBP-rPI was shown in all of 4 hepatoma
tissues compared with non-tumor tissues.

b) Expression level of IGFBP-rPImRNA.
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rPla Ti346.1+32.0% (p=0.0067), rPlb Ti3425+
28.9% (p=0.0046) TH o7 (Fig. o U EDKER
& 1, IGFBP-rP1 O%HIZ, Mk EERK %
PHIL S BT EATRENT,

6. & NEFREIC 3 IGFBP-rP1 DRER

4RO + OFFEAER & IERAT A ICDWT ) —
¥ 7ay MEN RV, IGFBP-rP1 ORB % L
L7z, FFEAER T 4 R R TIC BV ORI
{2} T IGFBP-rP1 ODREBIERTHA LN, FDRB
LAV IR IR IS R TEYB7.24242% (p=
0.0725) TH» o7 (Fig.8),

% =

IGFBP-rP 7 7 3 ') —I3 IGFBP-1~6 L }t# LT, N
KBl OMHFEMIZTE NS DD, IGFBP-1~6 O C K
HMICEECRESN TV AHEBARML TSR, &
? IGFBP-rP 7 7 3 — D %, IGFBP-rP1 {Z IGF- 1,
IGF-T & DOBEFMEA IGFBP-3 IR TEF R FR1/S5~
1/63 & U°1/20~1/25 &L & {, IGFBP-rP2 i IGF-1,
IGF-T & OBFMAT IGFBP-1~6 IZH~<T1/100&,
B TV 2 & ASHE S fuTwv 5122182, [GFBP-rP3
BIU4IZOWTOIGF L OBMBIZOWTOHE
BELLENRTVRWVA, IGF L OFEEIZIE N Kig
B IGF #A& F A4 V7213 T% £ IGFBP-1~6 O C
K EECREENR TV AERSEE %4 %
HoTWBEHESNTEYD, IGFBPP 77 3 —
i3 MK IGF B D IGFBP A —/ 85— 77 31 —] &
2605,

IGFBP-rP1 (I EHREHIA, FLAR b RZ MHRG K OSBRHESE W
ok L&A FNFh7o—= vV Eh,
IGFBP-7, mac25 K& UF prostacyclin stimulating factor
EMBINTE280, ZOEBHREEIIOWT
&, AREHOIRa A & BRI BT B500
BT RIS O S LARAESD, IGF DRIELC X 5 58 M 3E
R DIE5E & FAE ML OB & WAl FES 7 &S
i SN T2, IGFBP-IP1 &, JEI % E&HRIC B
WTRBOSHBASNBEDD, WL OhDEMIEE
WKBWTIRIEEF#EG L LB L TERADBETAALNT
W5, Burger 5i¥, FLFETIXILIRO EEAER BT
B TIX IGFBP-rP1 OEHMSETLTEBY, EHXED
BVRBEEE CIEASTHEE L WA LHRELTW
53, FIMEREICBWTH EFA R ICH~NT
IGFBP-rP1 OREBET A HE SN THE Y, Sprenger
5H1d, SVA0T HUEIZ & b RFefb L 7z 2 hr B2 AR
(2 IGFBP-rP1 # & A$ 5 Z &2 X V) BEEHIHIR) R =2

TRV AFEHREFED TV 52, 7 Kato 5
E~7 A0 BREMI I IGFBP-rP1 8 AL, 0
HMENHHRICOVWTHRELTWAID, DY,
IGFBP-rPI % tumor suppressor gene T& % Z & AR
BENhb, FBICBWTIE, Komatsu & A% SV40T i
FEOMNS VAT =y ey AZRELFFBICOW
T#D4 ) 5 DNA O X F VLD AL % B L 728
B IGFBP-rP1 O 70 E — ¥ —4HIBIZ A F VLD T
#E4F®, IGFBP1P1 ORBEMFIH S hTwr L %
HELTWED, T/, b ¥tk T IGFBP-rPI
DILET S 4q Ti&, FEE IO, B4 LEMES
128\ T LOH 25328 5 LT\ 5282425

ChOoOMRA LY, FBHEIFEORE, BEIIBW
T IGFBP-rP1 DEHDET ARG L T 5 WGt
HbHLEZ, BEBHFRLEY AFEDS X UFES
LB L7 Mif#k % AV T IGFBP-rP1 DRB % kst
L7z ZOR, T, E¥EFICHXTIGFBP-
Pl DFEBPETLTWEZ L 2T (Fig. 1) F
72 ORFED OB R TB L7 PR IR R Tl
REHTO 30 = —FREEICHBE L T IGFBP-rP1 O
RIBUKTAEHTH -7 (Fig. 2)o ARFRIZBVTIR
Z ® IGFBP-rP1 DRBUET D#F 12DV T DENT I
1o T wat, IGFBP-rP1 ORBIKIE O ##EIC o
WTIELR L2 70— 7 —HIRD A F VAL TTH#IZ &
HEBIFNDOMIZH WL 2P DEHEHH B, Pereira
CIIEE IV F a4 FH L LZEIRRBRLVE S IZE
Ny AOEFFMK % 0T 5 2 & T IGFBP-rP1 ®
BEVPFESNIILZRLTW S22, /-
Swisshelm 5%, & FILIR EREMRBICBVTIILF
1 VB & ) IGFBP-rP1 ORBEAFE I N BT, W
KOPDIEREH/RTIEVF / 4 VEIZ &L 5 IGFBP-
Pl ORBFEHFADON L 2o TWVBE I L2 HE
LTv 220, \

RIZEE I IGFBP-rP1 % T etk (ZAHI B &
®5Z L&Y, IGFBP-rP1 BHEIEIC & 5 HIRa 185
BENOEEEIRE Lz, ZOKE, in vitro TOHR
HHEHEE (Fig. 4, Table 1) & EIBIERFMEEAHER
(Fig. 5, 6) DET 2D HD LRI, nvivo 1B
WTHEFEEREOKT 2807 (Fig. 7). 2L Tk
MFBIZDWT S ) —F 7 ay MNMEKT IGFBP-
Pl ORFUET 2 BO7/: (Fig. 8)s TNHDEFR XY,
IGFBP-rP1 DRI T A BOBESCHEMICES L
9B ENRBEE NI, L L IGFBP-rP1 OER#
BOMN ST HRIZEShTwi v, IGFBPP 7 7
) — ORI OV TIE, IGF 124 L IGF OfF
BRI BL5 252 L1285, WHhW5 IGF K%
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DIERBHE L, IGF 2 A S THORE % H\V 5 IGF JE
WAFHEDIEREBOFESHEE SN 51920, JFFETIE
IGF-T OFRBESA LN, IGF-T RO ERR
I LIREMICIERT 2 L vwbh Ty 59, IGFBP-
rPLIZZFDON KGICHFET L IGFHEA N AL U %
ML TIGF-T (2#5& L, IGF-T D IGF Lt 7% —~
DEEZHEST L DT, IGFBPrPl DEBET TR
ELTIGF-I offfloiEzs | L, HEOR
ERHBEII bbb EEZOND, —F, IGFBP-rP1
IZIGFBP 7 7 ) — 2T IGF & OBAMEIK
ZEREDPL, EELIERBEILIGF HKEHTH
HUREEMDLEZHNBH20, TGF-BA—/8—7 7 3
V—=DTF7 7 FEE, 7V RYF 2 L EEKETEK
TH5ZLIZL ) RERISINSH8, IGFBP-rP1 i3
DT ANARYF L EHMABNE G, FOLOT 2
FEY - T VRAIYF L OBEEREREBELT 7 F
YU w2 E by 5 2 & A IGFBP-rP1 @ IGF JEEfF
DERBFE TRV L HEE SN TWwA101D, TGF-
BA=IN=T 7 3IY =D T FVIEERKIT p15,
p27T R EDH A7) MKERFF—EL ey -
DIEDFEEHIZEYG LT 5830, F 7 Kato b i,
IGFBP-rP1 &7 7 F¥ v L O#EGEREZR L ET
v A FREMBE T IGFBP-rP1 TRUET A Z L2k

D Gl HITOMBIELMEL2FEL S 22 %2RLT
VB0, TRALDHMR,SEZ B E, IGFBP-rP1 it
TGF-g A —/8—7 7 3 —\2 & 2 410 B A E 28
D—D%H->TWEDd Lk, 7, IGFBP-
rP1 @ C K ¥ 12 1Z fibroblast growth factor receptor
(FGFR) L OHFAIEAZO SN TWEID, ZDXH |
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Decreased Expression of Insulin-like Growth Factor Binding Protein-related

Protein-1 (IGFBP-rP1) in Radiation-induced Mouse Hepatocellular Carcinoma
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Insulin-like growth factor binding protein-related protein-1 (IGFBP-rP1) is a member of the IGFBP fam-
ily, which was called IGFBP-7 or mac25 previously. Decreased expression of IGFBP-rP1 has been shown in
breast cancer and prostatic cancer, and tumor suppressive effects of IGFBP-rP1 have been reported in pro-
static cancer and osteosarcoma cell lines. In the present study, we investigated whether expression levels of
IGFBP-rP1 were related to the development and the growth of radiation-induced hepatomas of B6C3F1
mice. In northern blot analysis, decreased expressions of IGFBP-rP1 gene were shown in radiation-induced
mouse hepatomas compared to normal livers. In hepatoma cell lines established from these hepatomas,
decreased expressions of IGFBP-rP1 were strongly related to the grade of anchorage-independent growth.
In cell lines which were transfected with /GFBP-rP1cDNA, the doubling time of cell growth was increased,
and the number and the size of colony formation in soft agar culture were decreased. In tumor formation
assay by injecting these cells to B6C3F1 mice subcutaneously, the volume of tumors were decreased.
Furthermore, the decreased expression of IGFBP-rP1 gene was observed in human hepatomas by northern
blot analysis. These results may suggest that the suppression of IGFBP-rP1 is related to development and

progression of mouse and human hepatomas.



