Expression of Matrix Metalloproteinases in
Various Human Tumor Cell Lines Compared with
Their Metastatic Potential
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£ ULREBHBEOR L VA2 S -5 - £ ORBHIMEET
UM LHEIN TS, Fh, ERCERR I o hER
~OPRAMIAOBEL, Fr—-tHeNVE a5~y r— s
TEHBEY ATV 25— r—EOEREIAETHZ LK
I hmglEhsr®® Lof&Edhs. LarLihbii—izwL
REEOBEBKC BT ARETH D, TOMBRTELLE
WEZET—RIETEBDE LTI L.

* 7 MMPs OB REML #EET5 TIMPs i TIMP-
1999 TIMP-29%0 3345 X T3 b, TIMP-1, TIMP-2 & H 1235
ME MMPs (R4 L, BREWEZHEET LS. £05 %
TIMP-1 {2 MMP-9 @, TIMP-2 ¢ MMP-2 DRIk E & 1 &
1 RS LTS 2 DEM(b 2 FAfIT 5. X - T MMPs OF
¥iz MMPs OESEROBIE) D Tiel TIMPs LDAF v A
D5 TE LTI,

LEo X 5 @SN 515 MMPs, TIMPs o — &7
REOHREE, 36X CEBEE OB O CILRFI e B
BEARBRLTWAORERTHS. LI THEEFHFR,
MMPs OREBRABOEEMRTEDL LWOHEHETHRDLR
B, FORBEIHMBOBECLHRTABBC L VEHIIDS
2, 7 ED MMPs O—BeRHORBE L OCEBIEL T O
REOHBEOEEYH Y, MMPs ORBRIEBROBEL 2
NBBLON, RRETHIA, VE=aS -5 vyosficilbs
B3, MMP-2, MMP-3, MMP-9 % L 02 DL EHE ,
TIMP-1, TIMP-2 ok ' EFEHEEEMRKIT BT 5
messengerRNA (mRNA) BB OREEY 7. 2688 (HIZERM
Mook, ERFAMBEITE oMk ngs L. ¥ BIRE
I DEBEAYHIEL, MMPs OB EBIE L OBEY I
R L.
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1. (E#MR & T OREEEH
G5 Lol TN Ce MlRERCH S . BKEAER
sk HT1080, & ¢9ME B3k MG-63, U-20S, SK-ES-1, SAOS-2,
HOS, KHOS312H, MNNG/HOS, &% KATON, XBi&
COLO320, [t T24, "REERE Hep2 X7 AV AV R AT A
NF p—2 L2 gtk (Mayland, USA), NUGC-4 1% JCRB #f
vy (R LW AFE L. 20MOMBED 5 & B % ek
§a KKLS, NKPS i3 4#s ey Ehicd DT, NAKAJIMA,
ST-KM 12, @z)l|A At v & —, MKN28 RiBRERAE, &
AL hHtEy 53, MM PC-3, PC6, PC-8, PCY,
PC-13, QG-56 EyAMBA v 2 —, REBL L o t5 X
hio. ENSEORESRO MFH-ST BHEINRIPAEY
2 —, REBEL L D, kS KN4 2, GRRFEBRES
B, KAESE L h 53Rt KMS-6 fifgize MARREARKL D
S EERE X W HEEI T A v, KMST 12 KMS-6 #ifgic »
R AT RIE(L S RS LSRR ©, RERMKRE,
BERE I & b it X i, KMST-ras 13 KMST Mg iEi iy
c-Heras FRETFLHEA LTUHEER Li-filak TE&RAER
ATREFT Y 4 M ASEPEL L h s hic. N EoftT

~T, 10%IEF{LY v BIRIME (M. A. Bioproducts, Walkers-
ville, USA), 0.2mg/ml » 3~ 1 v+ (R, KB BT, 3%
BCHc RO ORMEORE LAV, ) 2ET s
Ry aFEA - SR (AR, TR 2ERRE L, REH R
FERBICTITC, 5% CO. FATTHERELX.

I. mRNA O

1. 4 RNA O#hi

EE 15cm OMBRERZRMBT 4 v ¥ = (FALCON, New
jersey, USA) I THIM A 5528 L I3 F —TENC MR L 7o RF s TR
Uiz, BB LM% 10mM Y vERREHEIE (phosphate-buffer-
ed saline, PBS) 12T 2 [E## L, 20ml © guanidine thiocya-
nate B ¥ (GTC ¥ ¥ ) [4M Guanidine thiocyanate (Fluka,
Buchs, Switzerland), 25mM 7 = v+ + ¥V v A&, 0.5% N-5 %
gAY VIV YA, OLIM2- 2B T b=k ) —
AN R T, FoEBE TS BB LA X8Y -2 0R
Hetr+HERLC DNA 2 5¥T%. £V 7 =< —FD
Fa—TF (R 7=V v, TR K 10ml OFfbEv v o
%W (ceseum chloride, CsCl) [5.7M CsCl, 0.1M =F VL v o7
3 v PUEEEE (ethylenediaminetetraacetic acid, EDTA)] % Ah,
FO LA YERTA. Ny 7w v SW2T ARSI vV S r—2—
(Ry 7=V ysty) 1T, 20C, 27,000rpm, 2205
#%, L% DNA OSv FOTE THRL. CsCl BORE L H4
LETHFo—728Mi L, BEBRL. RNA OWEE70% =4
J =TT TWIER, Y 1ml OREKCHER L. 1/10
AEO 3IM EER Y v ABEW® (pH 5.5) &k, KT
25RED= R —NENL, —80CRAFHEBEL=%/ -1
AT -7, % 1 ml © Tris EDTA (TE) [10mM
tris-hydroxymethyl-aminomethane (Tris)-HCl pH 8.0, ImM
EDTA pH 8.0] @¥## L, 260nm OBRICE%RE L& RNA &
ExRdic.

2 . mRNA OHhH

90u!l D4 RNA LT 10ul DEE T 5M NaCl 20z,
“hE 6mg OF Y F-dT kv —R (73>, HE) LEE
LEERTIRE®»< hiEE 5> LT mRNA e — AR
BHXeh, AFCELLTELNRKEY0.1% F 7 v VB
+ } U ¥ A (sodium dodecyl sulfate, SDS) IC % f## L37C T 5%
RIS E-THRE LTS mRNA IR, RECED
LCrre—A%KEE, mRNA 243 LHESEIR L.

3. J—¥FvTeoFAL Ik

1 Kefkic > &4 RNA 20¢ g HY+5 mRNA RV, ©
AESOBHRALT I F (FDFA4F A2, FHER), 17.5% Dk
= V) v& & i 2% 3-N-Morpholino-propanesulfonic acid
(MOPS) (pH 7.5) & # L65C CL04HIRIG £8C mRNA D
EUHE R B Lt 1.0%7 % 8 — 2% AT 2 % MOPS #
CESKBEIT . WEIHR T HO % 10X Saline sodium
citrate (SSC) (3M NaCl, 0.3M Trisodium citrate) i # L1654
HETY - WIRE 5 ¥k, 20XSSCRHEHL TS LR
VN7 4 /& — (Millipore, Bedford, USA) iR Lic. BEH
D7 4z —% 10X SSC w5 /@ Lictk, UV AP FE—
Y v —1800 (7 F = ) &V TERK 264nm DFRAHER12007

anesulfonic acid; PBS, phosphate-buffured saline; PCR, polymerase chain reéction; SDS, sodium dodecyl
sulfate ; SSC, saline sodium citrate ; TE, Tris EDTA ; TIMPs, tissue inhibitors of metalloproteinase ; TNF- a,
tumor necrosis factor a ; TPA, 12-0-tetradecanoylphorbol-13-acetate ; Tris, tris-hydroxymethyl-aminomethane
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4789 a—AEBEL mRNA %7 4 v X —ICEE L.
4. Tr—7DER
AEBRCHERALL e —7f DNA &L 7523 o F,

MMP-2, MMP-3, MMP-9, TIMP-1, TIMP-2, Actin BEFi134

CHERREDAMREFT VAN ABERLHEEE L V5

1.

MMP-2 SEEFI2HIEREEE EcoRl (HIREBEER I TN TEW
¥, "BFx A7), BamHl T Y & h 51,55 = HEH (kilo
base pairs, kb) O HE#H) DNA (complementary DNA, cDNA),
MMP-3 #{zEFIZ Sacl, Xhol THIh HHI I % 1.4kb D cDNA,
MMP-9 & Fix Pstl, EcoRl T b Eh 5 1.2kb D
¢DNA, TIMP-1 E&{=Fi2 Clal, BamHl T8 b H & 5 600bp
» ¢cDNA, TIMP-2 #{Z % EcoRl, Bglll CHhHEh 5 690
bp @ cDNA, Actin #EE Tk Pstl TP D H EHB 1.2kb @
¢cDNA TH 5.

Zhb®D DNA #FhEh 26ng oY F754 4 - 5~
YU e Fy P (TIY e b Pty HR)WT [aFP]F
+&v v b=V v (deoxycytidine triphosphate, dCTP)
(TRY v b - Ppoty) RRRTERRL 2.0—5.0CPM/ g @
HEERET e — TR B

5. N T VELHE—Y gV

mRNA % BEE L7 4 v 2 —=%50% KL A7 3 F, 4X
SSC, 5X Fv A MR (1 %RV ==l Fv, 1%Y
YTAT IV, 1% 7 43—, 0.1% SDS, 20 ¢ g/ml Z
5T DNA (= vH— 2w g all2@l, B, 200
rg/mipolyA (2 2% « A4 F, HR)MBHRET LA AL 7Y
A¥—v g VI Sml LW FFAFy 23y AN, 422CT
IEBRIGERTE. BuTIDT VAL T Y ELE—v 3 VI
¥RC Iml O FTVELE~Y g VB (L4 TV EA
- g VIIZEBR L7 —7 10ng Mzl b D) AR,
2T TIeRHRIG X B 1.

FIEOHT L7 4 42 =12 ¥ 1XSSC I CRRISHHT
B L, E5120.2X SSC Iz T68°C T304 M4, 2 My Lic.
EHEROLThETAD 7 4 VX —ORSHEHICHE L T-80CT3
B2 S04 — S50 4 757 4 — AT L. kB
RILINAWE OKE ZOFMMELT 7 e — ABRKB OB,
Hind I THW L [« -®P] dCTP 1= T3 L7 A DNA &
100ng ZiE#E L L CRIBICHKE LE DB HEHE L.

0. @Ik & 3ERaERE"

1. Bongk

BRI (Plymouth Rock X White Leghorn) (34885 0045
(B E8) X oA, MELASINBRNITCTSHIL. &8
NEBDBIFEEX LEREOME AL, MEDORELT
RO CEERD ¥ 2 V& G CIIREIH lom WHOEY
2, vy b TIRRRE L. B LR FiEh s
77 4 v (Merck, Darmstadt, Germany) 284 L TlE % B2
TUT, 304 — Setw DU Ao FE S 88 % I\ T L0°E O I8 B A
REEREOMEPICEA L. eBsBEEME 1| X108/
ml O EE PR L.

BREEAZT B BCBRL@E L, BRI L D IFRER Y
MUt

2. DNA O

PR S CHEED L7288 20ml © GTC WMLz TR =
UHAF— (ve b B, BER) KTHREDHA AL, £0OF

& FRRICEE LR ITVE RNA 23 L. ZORSELED
Fo—7L0h) DNADBESAY APy bETROELE
B o — 7 (XM, T o 5L 0 TE 1T 24RRFH T
%47\~ DNA % L 260nm OBRIEEXRIE LEE L RO,

3. REAEW DNA #IEXIE (polymerase chain reaction,
PCR) #

YEORRG RAFIE & b #iH Lic DNA 11 g %85 L LT PCR %
CTe b f7r VREET R HBLEBEOFELREL
7o 1 BES0u | W TEERATC 24, 7=—V v Z55C 14y,
{HERIGT2C 1 %2594 ZAEDELE. et e Vil
ZFD 75 A8 AGAGCCATATTGCTTACA 20i4, ~1 +
28 TATGACATGAACTTAA 20(8#E% 754 ~—& LT
567D PCR EW e B BETFAv—KI T e -7
LLTHERLEARA Y 2% 27 Lt F FIZSIRKEN TR
(LR ERER RS I 5 R,

4. ¥¥vTeyFu Ik

PCR e THONERE 6 %7 2907 $ FAARKTE
KB LTz, BT/ V0. 1IBEDKEB{LF ) v A
KEBPCCIODREE 5 LTC7 A B VEM R T o7z, 23 F
SARTVIZIRrT o TF 4 VIER (V) V A, BR) 2H
WIBVEEBE, 2BEET, 1FEa vy N7 4 & —
(Millipore, Bedford, USA)Y WIEE L. BEBEED 7 4 L& —%
12 10X SSC e 5 B Lct, UV 2+ 52— v —1800
(7F2v) 2EAGCTHEE 254nm OEME1200~ A 2 =2 & 2 —
LEBEL DNA %7 4 A2 —1Z@EE L7z,

5. 7r—7 DR

PCR HiC X bR L THR 51 2 56THER N CHEEORE -
BFAw 7 e —7 & LCHFER L. 208 (ACACAACTGTGT-
TCACTAGC) & AV % 2 A5 F 10pmole % T4 R
R UAFFEF—ERHNT, 5' Kt OH #H» [7 -*P]
adenosine triphosphate (ATP) (7 v~ v & » & % V) I THE
i,

6. "MFTVEAE—V gV

DNA #EE L7 4 L E =BTy F - N T Y XA 4~
Yav e Ry T = (T s PptV)2ml LT T A
F o 7Ny ZRAR, 68CTIRHRISERI. LTI
LA 7Y EALE— v g VIRERERT, Iml DAL 70 21—
YaVB (FE YN ATV EA L=V g Ny Ty =L
EE Lo e —Tematcbo) ¥ AR, 42CT4RREIR S
.

SOGOKT Lic7 4 42—k %9 2X SSC i TR 155 M ¢
Pt L, X5 2X SSC 1 TS5CTISA M, 2 EBes L. %
BHBOFNREFRDT 4V E—L, A A =T F 54 % —
BA100 (B+7 4 v A&, B KW THHEFEREYER L. TokKR
HENBMAOKE SOFEIELT 2 VL7 ¢ FEKKEB O
12, Sau3A TEHL [a-*P] dCTP Tk L7 pucld 75
A $y N DNA # 100ng 82 & U CRIRpICIKE) L% DRLE
LEELE.

7. BB DM

EEMR A EA LTV WBIRIAE & b il Uiz DNA i©
HT1080 fjs X v ¥ty L7z DNA % 107'~10"°ung ¥ CO10%
BREAREL ThEhint, % DNA & 1 pg L LcbOk
W DNA & LT PCR % 1T 7. PCR EHp vV v 7 my b
NATYVELE— g VIR I ORI L, TOBSHENR L DE
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R 7. SRED BEHEY: % BEHEHhER & b $2 DNA |
pg Mz DNA BRBREL, GEBEXFMLL. Lrg ¥y
72 b 10ng LA E%#&E®+, 0.5~10ng/pg %+, 0.5ng/xg LA
FTa—& L.

B 5

. £ MERMRICESTZ MMPs LU EOEERFD
mRNA 31§

1. e MERMR26ERC BT 2 R%H

1) MMP-2, MMP-3, MMP-9 @ mRNA %3 (K1. A)

b b SRR R 268 oV T MMPs @ mRNA %3
H/—FvTay bl FYELE—Y g VERTHRE L.
FI3ERMATL:, HT1080, MFH-ST, X OBARE 7 #%, LE%
MBLERE TR, NGAE 6 Bk, Tl 4 BBROEBhRA L
$& L. MMP-2 & MMP-9 Iz 5\ CRIER L EEATIRE
OEBUTB B 7ERR LIz, MMP-2 3RZEROH TR 9
BETeroRBERL bR, LEROMKTREND -7
LIk, 1THRF 4 BRI+ &9, MMP-9 OXER L MERESW
BT OB 6k EBEECRE LT e EERIE BT
FTDRBEDALIIL DL, 2Kk (NKPS, PC-8) 723 TdH »

o0 m“ n..‘ ACTIN

Fig.1. Expression of mRNA for type IV collagen degrading
metalloproteinases and TIMPs in various tumor cells.
Northern blots of mRNA isolated from human tumor cell
lines in culture were performed. Lanes 1 to 9 are cell lines
originating from mesenchymal tumors and lanes 10 to 26
are from epithelial tumors. 20 x g of each sample was
electrophoresed and transferred to membranes as described
in “Materials and Methods”. A, Northern blots were
hybridized with *P-labeled c¢DNA probes of MMP-2,
MMP-3, MMP-9 and Actin. Molecular sizes of the
transcripts are 3.1, 2.0 and 2.8 kb for MMP-2, MMP-3
and MMP-9 respectively. B, Northern blots were
hybridized with *P-labeled cDNA probes of TIMP-1,
TIMP-2. Molecular sizes of the transcripts are 0.9 kb for
TIMP-1 mRNA and two messages of 3.5 and 1.0 kb for
TIMP-2 mRNA. Cell lines: lane 1, HT1080; lane 2,
MSH-ST; lane 3, SAOS-2; lane 4, SK-ES-1: lane 5,
MG-63; lane 6, U-20S; lane 7, KHOS312H ; lane 8, HOS;
lane 9, MNNG/HOS ; lane 10, MKN-28; lane 11, ST-KM;
lane 12, NAKAJIMA ; lane 13, KATOIIl; lane 14, NUGC-
4; lane 15, NKPS; lane 16, KKLS; lane 17, QG-56; lane
18, PC-13; lane 19, PC-9; lane 20, PC-8; lane 21, PC-6;
lane 22, PC-3; lane 23, COLO320; lane 24, Hep-2; lane
25, T24; lane 26, KNA41.

7o. MMP-3 O RBITKE L7268k 3 8k (MG-63, NKPS,
PC-8) DAL TaH B, o MMPs ittt LCHDRENE S h
TEHLDIEN -, EEROMEET MMP-3 OREAAZ 54
7z NKPS, PC-8 Ti%, MMP-9 D &E BRI ED bt

2) TIMP-1, TIMP-2 %% (K1. B)

TIMP-1 ODERITIZEA LOMBETEL RN, FOREE
CEARETHT 0 ERD D, HEROMBETET LT
7z. TIMP-1 & MMPs OFENSE L EHAEEIE ) FOBEEEY
*IAETS. MMP-9 L2 ZORREBLEBENZ] 1 ogs
BEBETH™ L IRT VAR, BEHRMAKIC BT 5 TIMP-
DRRFOF —v L MMP-9 OFRE L2 BEEIT & bhk
Mote. —77 TIMP-2 1%, TIMP-1 At MMPs OBFEEM»
FEEL, MMP-2 ORilR#&EE 1 | 1 DERHESELIRT
B0 2 L RRE IR TWS. TIMP-2 @ mRNA & LT 1.0

Fig. 2. Expression of Metalloproteinases mRNA in HOS and
their transformants. Northern blots were performed with
mRNA from human osteosarcoma (HOS) (lane 1), reverta-
nt of HOS cells transformed by Kirsten murine sarcoma
virus, KHOS312H (line 2) and HOS cells transformed in
vitro by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG),
MNNG/HOS (lane 3). Probes were ¥P-labeled ¢DNAs as
in Fig. L.

Fig.3. Expression of MMP-9 mRNA in human embryonic
fibroblasts transformed with c-H-ras. Northern blots were
performed with mRNA from human embryonic fibroblasts
(KMS-6), cells immortalized by 7 -ray irradiation (KMST-
-6), and cells transformed by transfecting c-H-ras oncogene
(KMST-ras). Probes were ¥P-labeled cDNAs as in Fig. 1.
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kb 3 X 08 3.5kb ZODEEMNESh, ThHbDOREILMLE
%, FERFCEEICIZABEICASHh, MMP-2 03%R &
BEELRDbIIeh o7,

2. HOS filads & 0" OB R 51T 5 MMPs D#EH
B2)

e R4 HOS WEHESRROMEcEEER 02 &
RFEI N TW%. KHOS3IZ2H 1k HOS % Kirsten murine
sarcoma virus KX W HEHBEB LD EHETHD,
MNNG/HOS % HOS #ifax & v 48 T % N-methyl-N*-
nitro-N-nitrosoguanidine (MNNG) i@ TALE 2T W EHig# X
BBETHBHY. ZhbOMEKRICB8VT MMP-2 3 MNNG/
HOS 721 C¢7c { HOS, KHOS312H #ifar C 4 BEOEIT DA
KEHR ORI D DR LT, MMP-9 i3 HOS, KHOS312H <%
Biige A ERLRT, R— Fx v 2R 5 5EE2E>
MNNG/HOS TEDREIHAD bhic.

3. b FAESEREETRROMBEER LS MMPs 8L U%
DIEERFOFREE (X 3)

KMS-6 iz PRI X h BRI W BHEFEMk T,
KMST & KMS & 7 #BE 2TV RIE(L LE{E Licd 0¥,
KMST-ras X KMST 2 c-H-ras BEFE2EA L CHERRL
EADTHB. X— Fv v ARB T KMST-ras 2 EEEN %
AT 2 KMS-6, KMST Icik BB XA b higw. / —¥ v
By b ATV ELE- g V2T MMP-2 © mRNA FIit
HAEEMITH % KMS6 K ThabhREB Ll
hote. —J) MMP-9 12 KMS-6 TirERITA LN, BEE
#EHTH KMST-ras W THEWRENA LR, MMP-3,
TIMP-1, TIMP-2 O EH iz Th HE(Lit7eh 7.

(ng / ug)
140

120
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Fig. 4.. Metastatic potential of various human tumor cell lines analyzed by detecting metastasized human tumor cells in

embryonic chicks using the polymerase chain reaction (PCR).

I. BIHCLIEBEONT R4, £1)

e MEREREEMROGEBEY B I W RE Lzl &
%, HMZERMMA T2 HT1080, SK-ES-1, MNNG/HOS, LR T
'3 KKLS, T24 fifsicCe r e v E TR kT 3
PCR EMprgili &, FIECER Lz MBS o HH
BREIhl, 9Frvory bl T EL E - 3 VI LB
PCR EHOKHETEN LR DNA 1 pg %% b o HTI1080 #
@D DNA BB L CEBEL B L. L3R 5 Mtk
® -+ (100ng/ 1 g LA E), MG-63, PC-8, Hep2, COLO320 i +
(0.5—10ng/ 1 g), DA DK CIXER —(0.5ng/pg L
T) Thote. HERTIALGEB ED LA -METE
MMP-9 D RBEAL LA, % HT1080, SK-ES-1 g Tt
MMP-9 DREBIZE <, TIMP-1 BREMEDL -T2, 3HE D
MMP-2 OREBIRFRBEZ SN, MMP-3 ORBIZR D Shts
Mofc. BRARD LAV 5 B HOS, KHOS312H ¢
12 MMP-9, MMP-3 O %R I1z & b h e h - . SAO0S-2,
U20S #fE<i: MMP-9 1338 LT\ 548 TIMP-1 ® L <L 3t
B ot IR k5w MMP-2 DR BIEE SRR TE
BRI AW TRV XORREE L EBEL ZBEERAS R
Mot

—7, ERFMETEREBRN S S KKLS, T24 i
TiE MMP-2, MMP-3, MMP-9 WFh O RE b & bhich o
7o. KKLS iz TIMP-1 ORBIIEM - 143, T24 Mfacien
BEORBELABD LA, ¥72, MMPS 0EBELESh i
NKPS TREEBHRLDIILA 7. MMP-2 DRBENALRT
NUGC-4, QG-56, KN41 dIEBIIZED I otc. £OMHD
BB LALLM MMP-2, MMP-3, MMP-9 ¥ h

14 16 16 17 18 19 20 21 22

Tumor cells were inoculated into the chorioallantoic membrane

vein of the chick embryo and DNA of each embryonic liver was extracted. A human B-globin-related sequence (567bp) in the
DNA from the chick liver was amplified and detected by specific *P-labeled oligonucleotide probes. Radioactivity of amplified
PCR-products were measured by the image analyzer BA100 (Fuji film) and presented as (DNA contents)/(template DNA
lp g): Numerals in the abscissa indicate cell lines described in Fig. 1; €, the average value; []—{], the range from

maximum to minimum values.
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DRBELRD LI 7. MMP-3 OFEBEOLX SR 3 M
D 5%, MG-63, PC-8 Ti2§3 5B REL /R L7z, NKPS Tix
EBRAbhih o1z, Uk, MMPs 08 & BEMkOER
B L ORI~ T ABEIZRD b i ot s
LEZERMIE Tt MMP-9 2R3, LT 2 BEMD 22 68
HEEBR L.

% 7

V8 25— 5 visifd 58K MMP-2, MMP-3, MMP-9 %
FUZDOEEHECH S TIMP-1, TIMP-2 @ v + [BE k5%

Table 1. Metastatic potential of
various human tumor cell lines

cell lines meta.
1 HT1080 +
2 MFH-ST N.D.
3 SAOS-2 -
4 SK-ES-1 +
5 MG-63 +
6 U-20S -
7  KHOS312H —
8 HOS —
9 MNNG/HOS +
10 MKN28 -
11 ST-KM -
12 NAKAJIMA -
13  KATOD -
14 NUGC+4 -
15 NKPS -
16 KKLS +
17 QG-56 —
18 PC13 -
19 PCH -
20 PC-8 +
21 PC6 —
22 PC3 -
23 COLO320 +
24 Hep-2 +
25 T24 +
26 KN41 -

Metastasis were assessed by analy-
zing metastasized human tumor
cells in embryonic chicks by pol-
ymerase chain reaction (PCR) as
described in Fig. 4. Metastatic
potential was determined by radio-
activity of the PCR-products:
metastasis +, more than 10 ng/u
g; &, 05—10ng/ 1 g; —, less than
0.5ng/x g ; N.D., not determined.

Mz BT 2 mRNA REEAEN, TOBRINEL X 2EBEL
DOHBER B Lz, b b EEHRESEQRC BT S MMPs ¢
FERIIHERME L ERRMAR I TORBICE S, ERL
bR, ,

MMP-2 ZZEROMM TIIRE L 9BkE T FD RER
ALNEEBHFMRTH S KMS6 ©THRE LT ea,
FEROMBTRERER Db DIRITHP A BIZ T8k
7o, ¥ BT Collier Hiz & h |EZh T 52 MMP-2 o3
BOBHEFBRTRAS M AR EEO EEMBETIEA SR
WO E X b, MMP-2 OXBRESCHEERNTHB EES ¢
DHbfiROBEC L 5bDEEL RS . HERMC KT
DX 5T MMP-2 OEERN ST LS EE D %M
BA=P) o 2 ABSORBESR, MEOHBEIT LT
MMP-2 BRI BRE R B LTWD I &2 RET5 . i
SRAINE T MMP-2 DREA A S AT 4 B BINE Tl ITRIcE
BREETR Licho-7. THET MMP-2 © mRNA R L g
RIEUD, c-Hras BEFCIOHBEFRLAZEL LEAE
KRB 2 BIBEBE S BBETE R, BOEB DR
D MMP-2 DB ERHE IR T W38, SEORE TIREEEN
RicsFs MMP-2 ORBEEBE L ZHBREDShT,
MMP-2 OREBNEBREOIEE L X b WEIRE R

MMP-3 &2\ Cid, TORBIXHME L 268kh 3 #
(MG-63, NKPS, PC-8) D& THh b, fliidd MMPs 1ok LT*
DOREHBROITE DH0F/hote. FhFORFELEBLES
VEESEIZ DI T

—77 MMP-9 DR M2 RAIN T 9 ¥keb 6 B TRE AR
bhidx—Fwv 2R d 5 EESME N v HOS,
KHOS312H Tit MMP-8 D &EBLIZA S ek . HOS 4
IZ MNNG BT 5HFC X 8 Hhi- MNNG/HOS " iz
R—F=v ACTOEBBEYRHDL, MMP-9 28E BB L Tw
fo. EREEEMITH KMS-6 3 L 0% DRkl Ui s s
B35 KMST® T3 MMP-9 O RBIZH SR ieh - it &
B cHras BEGRTFRIVVEGRLCEEE® Y E TS
KMST-ras 234 T MMP-9 O &HITH A 5HRh5 L 5187 -
. ZOEL, BERETC I Y HEERLCHEREKRCEVT,
TOEBIEL MMP-9 OS5 WA BT 2" Z L L&KL,
MMP-8 REDFREANERLFE L HERD D LE L2 LS.
B TR BB AR X h: HT1080, SK-ES-1, MNNG/
HOS #ifg T2 MMP-9 DB A4 5 i, i HTI080,
SK-ES-1 Ti2 MMP-9 ORE & < TIMP-1 DREIXE<, 4
X MMP-9 OFENEVCERATFEINS. B TERD
BRI MO 5 %, HOS, KHOS312H vk MMP-9 ©
M7 <, SA0S-2, U-20S Tit MMP-9 iHEEH LTV Th
TIMP-1 D URAHRES, BBDO XL RAH - TR
MMP-9 OEHIMEGZ EBER SR, ZhboEr HEE
A B\ C MMP-9 1RO BRI LB L EO—D L L
TEERREI D ERICLTWBEELONS. FMOEBY
BODBESEL LT TIMP-1 ORBEETHE 2 i,

Lo L, ERRMECRWTIIE BB 0 A5 hic KKLS,
T24 M TIE MMPs WTFhORERI A LHeh . Tk,
MMP-9, MMP-3 O3B h iz NKPS fila CiisB oAb
e, RBREAEEBC BT 5 MMPs ORB LEBIELIZICA
BHERALRIH 5.

& AT MMPs. DFEHRIL, MMP-3 1% 12-0-tetradecanoylp-
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horbol-13-acetate (TPAY®, A v % — = 4 # -1 (Interleukin-1,
IL-1)%~*®, epidermal growth factor (EGF)"7c K CHE I A Z

L2, MMP-9 i3 TPA®® IL-1, BEE®KEF o (tumor
necrosis factor @, TNFa )@/ FCHEIN D Z L0 RE S
Txh, Bz MMP-9 ORBORShish -7 T24 ffad
TPA FIBUIZ & h MMP-9, MMP-3 2558 X b, REAE 3%
2T MMP-9 OREX AL R - B E L BEFOXKBRE
Cile S BEWEEICREBIC A5 Z EAHB L. X5KESL
Ak X — F~o AOMEBERCEET A2 L1k b MMP-9 233
BINBO LR, R—F=U ABEMRLABESMIZI N
HWas5—rr—COFHUNEI B Z L AREHBEINTE
D, EERTIEVAL o4 vETMMPINBEEINETHAS
5 LAMBRING. BBIELOBE YL DICITEAR,
EBECBTARAYRAT2EI/LELEL bR,

b, MMPs LGR L OBEBIZ D\WTE L5 &, BEEMk
K5 MMP-2, MMP-3 O3 & SilsDBH(LIVE, BBEE
LIZHERA BRI s e BERMBC BT, MMP-9
DRBFLE R — F~ v AR AEEEMEL L BIET L 3
BB B ER L LRI, LxL, MMP-9 R H - T
SEBOALRWHIIEZA D D, MMP-9 ORFUIEBIC B
THo&ETiRisvwEExbhs. BBCESTHEFD 12
ELT TIMP-1 OREDLVAANEET A ENELLRL.
TIMP-1 OEBEY7 vF v A RNA I H{EFTE R &
Swiss 3T3 MRAEEBE L BB/ THZ LY, Vaverv b
TIMP-1 &= & h RERAEOBEEBR I M I h ™" 2 Ly
&b, TIMPs 1X MMPs D& #[AET5 Z LIZ & - THEBOD
AHRTFELCE EELbND. BEBECE VM TIX
TIMP-1 BEHOBWALW® LOBELH 2. BIETER M
Fd btz HT1080, SK-ES-1, KKLS it TIMP-1 o RE a4
e, RAHZ MMP-9 OBz d - 72 TIMP-1 O RENE
b1tz NKPS, SAQS-2, U-20S #ipa CixEBILE» bhish -
fo. ThHD I L X HEBIEICKT5 TIMP-1 DRI S2URE
Shic. ¥, RBREERBRCT MMP-9 OXEERL LR IcH -
THETHLEERTRYA P HS VETHFEINETHAS Z
EVRHEE IR, MMP-9 DiE#IL, mRNA ~DEE DB,
2RI DERE, EHEL, £ L TCHEYE TIMPs Lo~ 35
VALBBETREISh TV, S8, AR, ERIFRE
8T % MMPs DRBEFE, iGH(t, TIMPs & OR#K DO
THBRH LTV FETHS.

#® E]

b MEEMRkREC ST AV 2 5 — S v oSsRIcEbH S
BSR, MMP-2, MMP-3, MMP-9 % X 0"+ DfAE#E TIMP-1,
TIMP-2 © mRNA J&37c & 0N BIPEEIC & BB HE4 ik,
BEL, BoEBI 3135 MMPs ORE&BE L.

1. MMP-9 #H&B LT AHZERMRD 35, 76+ 348
PEBERRL, 2hb 3AOMIETIZ 2 Flic TIMP-1 ORE
ETHRdS5hi.

2. MMP-9 %23 L T\ g\ RIZE R B0 CIE B 6
BREAEZ LRI >, MMP-9 #&B LT\ CTEB &
bhieh - 7RI T TIMP-1 OERAEH - 7.

3. ERF#MIECIz MMP-9 ORE & B & TR S
hieh otz

4. MMP-2, MMP-3 ORBIIHER, EERWThORA

AR BT HER & BN » 1.

PDFEoE»5BERMBICBVTIE MMP9 0% 5 &
TIMP-l ORBETREBEOIREL L VB S 2, MMP-2,
MMP-3 oW TR FORBREREB TORBIIGEREDIIE L
Wi Bl WEA R L.

E | =

MR LB Hich, HEELORMYE D & LA BFis IS
CRELHBMBYRLET. ILRBESEOMREYRE E LoeRA
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TroeRT b i iR e ~ RIRBESET, FHERRR L BR L 3. Bt
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Abstract

Proteolytic enzymes such as type IV collagenase are thought to play an important role in tumor invasion and metastasis,
To determine whether these enzymes could serve as indicators of metastatic potential, expression of metalloproteinases
(MMPs) which can degrade type IV collagen and their inhibitors, tissue inhibitors of metalloproteinase (TIMPs), in varioug
cell lines were examined. Northern hybridization of mRNA for MMP-2, MMP-3, MMP-9, TIMP-1 and TIMP-2 from 26
human tumor cell lines were performed. Furthermore, metastatic potentials of these cells were analyzed in chick embryo.
Transcripts for MMP-2 were expressed in all mesenchymal cells and in 4 of 16 epithelial cells and these for MMP-9 were
expressed in 7 of 10 mesenchymal cells and in 2 of 16 epithelial cells. Only 3 of 26 tested tumor cell lines expressed MMP-3
mRNA. Various expression levels were observed for TIMP-1. Almost all cell lines were expressed at the same level of tran-
scription for TIMP-2. Three mesenchymal cell lines and 2 epithelial cell lines showed a higher metastatic potential in chick
embryo. Mesenchymal cell lines which expressed MMP-9 were shown to be metastatic, whereas 2 high metastatic cell lines
of epithelial origin showed no transcripts for MMPs. There was no correlation between metastatic ability and expression of
transcripts for MMP-2 and MMP-3, High levels of TIMP-1 expression were observed in non-metastatic cells which
expressed MMP-9 while low levels of TIMP-1 expression were observed in metastatic cells of mesenchymal origin. Our
data suggests that the enhanced expression of MMP-9 and decreased levels of TIMP-1 expression have a significant correla-
tion with metastatic potential in mesenchymal cells. However, the expression of MMP-2 and MMP-3 had no evident rela-
tionship to metastasis in contradiction to reports from other laboratories.




