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b MRAEREME (HT-1080) OMEBEBAREICBIT S
ATl - TIAI )= - TFTrFR—F— .
ey — (PAFl) OEFICOVTHOERE

EINKFEFREZREIFFHE (EE  EHBREIE)
®oOH ®E =

b MEMEREMAL (HT-1080) 2 SRAFRIEILL o THADI AT « TIAI ) =4y - FIrFNR—F— . f LV
% — (type 1 plasminogen activator inhibitor, PAL-1) L XVEREHT L7 a0 — V2R LL. FR56% X— FY Y XDORBEIRIC
B, WMOEMCERENIMERI0 -~ OMEFNET I LICL - TRy U — » OMEBEL ML, RMBEICET2
PALL LIfifEREE L OBRIZOVTERL . BEROERTOME L XVOREIX, ELISA I2X - TfTv, %% L7 PALL
kynF;F—¥8 A7 FIRAI =4 - 7 F~—%— (urokinase-type plasminogen activator, u-PA) OFHEE R L7124
DOy O— R EEIZHAW:, &7 00— OMBRT (tssue factor, TF) EHE, MBEEFTIC o e CrE8EE ML S
ZEIZEoTIEHIbEN LT O b v EVEARPOBEREEXEFAEENICORT A A4MEEZNET S 2 L0k ) G
L7z, £70— @D PALL & uPA ® mRNA LAVIE, HIBELAVE—K LT, EEHERE X — F~ 7 R0 REIR~5H
LT3 AMBICER SN MERI 0= -0 OMEIC L Vi S N MERIEL, &7 0-CRICEERESTDLN, &
PALFl BX U TF M2 RRTL 70— VIZEBHEREET AL T, SEBM Y O— Y IMREBR L K, NEMBE~O
HERICH L TEEEFED bk d oo, EEMEAMNOMBERICEERE, SEBHN0— 0 FEEHMIZL Y
E{EELBT B &0 horz, HRBICF &, MRNAEER~OBMECHLTIE, 70— BicBnTEI 2o 7.
BEMLIER T2 CRENLERTH S L SN2 EFRAMEO MRIEE HIET2 BT, ~/3) > % EEMERERIC
R= PNy 245 L7825, PARL, TF HIUEL ARV TCRERBEIO 70— > Tld, BHOPREIEZE TR 27228 B
PALl BX U TF EM 2 RBAT2EERHM 70—y 2B L2v 7 A TR, 8k, A0S CHMNICES S 5 EEME
BUEERL, Moo -0 ET LA, PAL HHE2IHT AT 70— F VGOHRSIZL o TH ) v L FfEL
MENFBDONTZ. ZORKRE, TOMIRIIBVTEEMEO PALL 3 X 0 TF iFid, #0MEBEORENLERNTH 2
CENHLPERY, WHFOIHIZE D ZOMBAOHESTEAIHTE S 2 LATRENT:.

Key words human fibrosarcoma (HT-1080), lung metastasis, plasminogen activator, tissue factor,
type 1-plasminogen activator inhibitor '

MM AS, AR L) TR 21, 4 OEEHM
R DFEO MG EE R L OHAEM D F 1 S oE BBk &
FEHLEETH O L, BRI VREShTVE, 0%
COBETYRXF—E5 LT TSAI )7y - TrFN
— % — (urokinase-type plasminogen activator, u-PA) % u-PA %
B1F (u-PAreceptor, u-PAR) 2512 X 1) & S L5 BGETEM AT,
BBROTOIXALBWTEEZERTH S L LTV B,
Tsuchiya Hid b b #RMERNEME (HT-1080) % X — Fv AD4
BANTHRTAZLICEVERBLUEERESZ AT 5 HRESR
¥ (HT-1080-P2, P4, P6) #BIRL, TN oOMEREEEL L
AMBEEEEZIRT L5471 - 7RI =42 - TIFN
—¥— ¥ ¥— (type l-plasminogen activator inhibitor,
PALY) 7% b NZHERIEF (tissue factor, TF) & i\ +HMEEIE &

TR 49 A208 2, PR 8 F11A29H 8

ol WM& LAY, 4E0ERTIE, FFEEED HT-
1080 D7 A~ #{ERLL, L2AH%PALL L~LIZLBAYY
—Z YT ERITRG, FNS5O PALL LANLB LU TE LALVA
Wi feRe L MM T 20 B0 2 B L2, S HICERBIERIZS
IT% PAIF1 & TF O%E & MET 2 L3612, WL Lol
&0 BRI AT B A &) S R RET L 72,

RSB L UFHE

1. [BEEHiEEBEEE

REFFEIZIT e M BHEREER Bk HT-1080 [American Type
Culture Collection (ATCC), Rockvill, USA 2»SHEA] M L
72, F7:Z 0 HT-1080 MlBatkd & & 0 — v 2 RERRE (71
7O 2B I DERLERLZ. Tabb, 5ME/mlil

Abbreviations | BSA, bovine serum albumin; FCS, fetal calf serum; GAPDH, glyceraldehyde phosphate
dehydrogenase; HUVEC, human umbilical vein endothelial cell; mAb, monoclonal antibody; NK, natural killer; PA,
plasminogen activator; PAI-1, type 1~p1asminogen activator inhibitor; PBS, phosphate-buffered saline; PCI, protein C
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AW LM TFPEHRLIE6Y =V - 7L — b (Coster,
Cambridge, UK) i2T1 oz d7/=h50u], 37COIEIRS
(5% COy) THEREL, 2EMK, EMEOIn=—%—>
EURR LY 2 Ve M T CHRREBSEELA. Lo
BECH, BONMBEKIT I I—2 ThHEI L e HERERT
Wiz, O THIRELB/O L0 L#EL,
SNy O— A L2 EEEDE L. 70— 23100/
foxn, FOB PAF B XU uwPA OHELXVOREZED
BL, RELFRBELTHZ L 2O, 10EOHKAORIZ,
g Lo L ROV B IR & o MRS L Tl L OV As
wEtTHECTrO—r OSMEITEZ#EDELZ. BRIEMIZ4LD
O#fEE (13B, 1-3C, 234B’, 266) FEELI7T—YTH
AL EMERL, EBICHEALL. URELAVOMEIR4EIED
#eft 5 16[H H D #L £ T, & 5 W ELISA (Technoclone Inc.,
Vienna, Austria) |2 & %l CHEI-ENTY L EEFEEZ Lo
Al

IS OMALIZ10% IEE LR IE B IMF (fetal calf serum, FCS,
HyClone, Utah, USA) & 1%~<=1) > - A b P2 N
v (Gibco, New York, USA) # &H 3 % RPMI1640 5t
(Sigma, St. Louis, USA) & fi\v, 37CO{HEIE# (5% CO) T
mELL.

I. PA LU PAI-1 iR L XILOBRIE

BEEHBEOE T IAI ) — T - T FR=F—
(tissue-type plasminogen activator, t-PA), u-PA X UFPAIL L
ANV OFEMIE, MEEBPOEHEL NV E ELISA 2 X T
WET BT L DT o7, BERILIEME RPMI K5 %
RFEH O BN AAE T T24B R L RICEIR L, (HEE
it (2000, 4°C, 5 LXK WA EEHREL-LDTHAS.
BEEHITAEICEVSNE T T—70CTREL . ELISA®
BB, t¢PA 8 X U w-PA TIX lng/ml ki, PALL T
3ng/ml & T Y, t-PAELISA Cld, dEMils L RS +
PA #%lsE &, wPA ELISA Ti, 1AMB LU 2 AHHEAE
wPA #%, PAI1 ELISA Tid, iHPHEM I & R PALL &, #
A1 PAIL ANl S LB

I. TF EHEORE

MmO TF %113, Schoerer 5 O JFiFIISg R % A TIT
o, MEICEWT AL, 2492 - TL—} (Coster) LiZ
R L - MRS % BERR AR i AL B D3R K (phosphate-buffered
saline, PBS) (pH7.4) 2Tk, 7o by € EAK
(CaCl, & A& 0 /W /X /X BEH N7 ¥4 &, Sigma) TMZ,
37°CIZTI55-H: 38 L 72712, EDTA &F Tris #Ei2 TG
PRT SE, KBk, TF 7o boy ¥y EEaERoniz
Lo THUZESEMEXEFE, TRICE o THEMIZTM S
N EREE S2222 (KABI Diagnostica, Stockholm, Sweden)
DA HHIE L7z, 2ml OAEZAKICL > THEBLZ LA
TLOMME T KT RF 2 (Sigma) % 1U/ml @ TF iF4 &
Al LCHEME R 2 ERR L, SAEBHRO TF itz g2kl
7z,

V. mRNA O

SRNAW, 72/ = - 70Ok LAHEBECE DB LY,
% mRNA LAV —Hy - 70y 54 72X D REMRL

fo. BEICEBTAL, ERNAZ6%RVLAT LT FER
1.2%7Ho—2R - FUIZTERKER, FHERFAT >

7271 UV (Stratagene, La Jolla, USA), 1210XSSC % i
L LTEBEEESY, Lrsk, BHHEIOX) 01—
(Stratagene) # JHWT RNA 780 v bEFf O v IZEEL.
k b PAH, k b wPA, b b wPASEK @PAreceptor, wPAR),
Z v + GAPDH (glyceraldehyde phosphate dehydrogenase)
cDNA i, 71 — > REEHEZNIEH B. R Binder ¥ X 1)
HE SN0 FHALE. TROEDDNAET YT LTIA
<— DNA 51 » 7% v b} (Amersham, Buckinghamshire,
UK) % Fiv»T ®P-dCTP (Du Pont, Boston, USA) THE#L, 7
o—7 %R L. RNA 2BEEL/F A0 E57CT 1R
B, LA TN TLE¥L v ar Lk, & cDNA 7o—
TEEHLEZNA TN YA YA T a VIBERIZT, 57CT
—WENA TN TALEL arEfTEy, FokTM0 vt

5% SDS, 0.2XSSC 12 & - TS7CT105 Mk L, ik,

XAR 74 VA ZEHRLAEY. BELET4VLZEES
(Hirschmann, Eberslodt, Germany) {CTAF¥ v > L, 7
v M GAPDH A vt — V%% E LT, mRNA LNILVODE
gftzfin o/,

V. PAI-1 $ £ U u-PA fitkE B A REEBREE

JEEAIANSEBT A PAL B LU uwPA ZHRELT L0
FEI L EFF U RLFFY Y —EEAEK (avidin-biotin-
complex immunoperoxidase, ABC) #:% v C gt t
To72% Hyu—ryOHRERE A N— - R v T EIZX
=N TEEFr (1:1) REBIYEZER (—20C, 2
), PBS 12X 0L, 1 %HERBREBMFET VT I ¥ (bovine
serum albumin, BSA) &4 PBS # 274 F_LEIZMA37°C T30
SEEFE LT, F0f%, Bk b PAIL w7 R 1gG H AP b
u-PA ¥ & IgG (Technoclone Inc)) % NZ.37CT 1 REMEFE L
7o, dfEEERE LT, JREBEMICESTARE PTET A XC
4 >~ k& € % — (protein C inhibitor, PCI) =7 A IgG
(Technoclone Inc.) % PAL-l B & U u-PA HifkD b D IZHEH L
7:. T HT-1080 23 PCl &Ml L %V 2 &4, PCIE/ 70—
FOUHCH % BT L 72 BLISA 12 & 0 fidvd 72, Hifk & b
7otk mi E FRSCEE L, Biv oy A 1gG ¥4 F o bu v g6
(Amersham) # A, STCIZTHET 5. 1 IGMR, MERK
L, AL 79I y—VEdF o baBIBEEESNK
(Amersham) % 1 237°C T 1 MRS 3E L2 f, #A L/BRL
BEEOFEAEIE, 005%3, 3-YT I/ NRVATIVY - TLT
N Koz aF4F Sigma) £0.01%8EE{LKEKSH 0.05M
Tris SBERORGHEEMA L Z L2 LD, WE/LL

V. figsE a0 —HREEDRE

& 70— OiERiEOFMIL, Wexler ®FEIIHE 7.
3 X1 OIEEMEE GH TS 0.2ml OMRIFERE X — Fv
77 2 (BALB/c nu/nu, 5~ 68k, LETHERAINETTR
HEL) OREIRPICHERL, 3AMMBICHBELITEZM®HULT,
KENICEAS 7 M2y b, BEE) 15ml, K 8ml, 7
VEZTIK Sigma) 205 REREH 2ml Y o NIEA
#., Fekete [EISEH (70% 72— 100ml, 37% K VLT VT
v F#& (Sigma) 10ml, HelE (Sigma) 5ml) 2k > TEEL, %

inhibitor; TF, tissue factor; t-PA, tissue-type plasminogen activator; u-PA, urokinase-type plasminogen activator; u-PAR,

u-PA receptor
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RSRBSE (X20) 12C, s hon=—%@EL~. oD
S ERECH IR TR L, B 50um DLy oxig
ZTHEmBHE L, MEBRONEIZRE 7 O0— 570 6
~QEDTYREHHL, FNOLOFEHB L UEEREE L -
7.

V. #EBEERUREENEE

TERAIL O v b BEAFAFIR P95 04 (human umbilical vein
endotherial cell, HUVEC) ~O# %t XDejana 5D Jikiz L
Y EEME L 7. “Cr (["Cr]-Sodium chromium, Du Pont) IZ& - T
BERR S M- MBS & SRS IS MR 2R3 2 ¥, HUVEC #'f
HMIRFEL o TWB24T N - FL— b LT, BEOEREMN
THRLZ. 3040%, HHEEILL 1% BSA &4 PBS 12T 2
mEEEL, L2k 1M KE{EF MY 74 —05% SDS 12T,
lEmMia DA L7z HUVEC @M L7, BUEH, S,
HUVEC BB EOEFIL» TH LA Z2REEIITT 2

A 50 - B 1200
5 0y
2 3 1000
(3]
w ‘S
S g 8001
? 2
< £ 600 A
g )
£ E 400+
< T
o <

[-¥

1-3B 1-3C 23-4B' 26-6

Clone

1-3B 1-3C 23-4B' 26-6

HUVEC #Mlth ORGHEED B 3R CHEBREF R L. 5
DL 3 BIOEBRO Y B & OEEREY L 572,

FIRNEANDNEE L O AL O FEMilE Repesh® D /7124 -
7o, MERIZEE#T 2 &, I ([*]-4odo-2’ -deoxyuridine, Dy
Pont) 124 » THFE SN/ JEEML %, 10% FBS &4 G #rh)
FEIE, ABREKBETH S~ Y 4L (Collaborative
Research, Bedford, USA) & oCa—braEN T2 aAm 2
Vo Fxrn—-TL—} (Coster) ®EERF v > /=T, @
DEBEMTHEL 2. 72050%, AREEEFBEBLLTY
T N - OREBEPOEEMRBIC ) T vzl o
MESELBETEHIIAEL TOBEREE S v~ - Y s b
L, ST EDESTRICL VBEEET R L2 (BEE (%)=
TEF v N — OB B L O T EIC A LT 2 R
2 (cps) X100/ & 418 (cps)). REREDMEIL 3 [ DEERDFE
HBLUREREL L o7,

(]

TF activity (U /107 cells)

1-3B 1-3C 23-4B' 26-6

Clone Clone

Fig.1. Levels of PA antigens (A) and PAL1 antigen (B) in media conditioned for 24 h and TF activity (C) on cell surface of 4 different HT-
1080 clones. PA antigens ([J, t-PA; B, u-PA) and PAI-1 were evaluated by measuring antigen levels in media conditioned for 24 h using
ELISA. Values shown in this figure indicate averages and standard deviations of repeated antigen measurements between the 4th and
16th passages of the monoclonal cell lines. TF activity on the cell surface was evaluated by measuring prothrombin complex formation
and chromogenic substrate conversion. Values shown in this figure indicate means and standard deviations from the three experiments.

A
1 2 3 4
! Expression (% of GAPDH)
3.2kbp — Clone of PAI-1 mRNA
3.2kbp 2.3kbp
2.3kbp — 1-3B 147 32.0
1-3C 10.2 46.6
23-48'  20.6 57.5
GAPDH — 266 50.6 67.4
B .
1.2 3 4 Expression (% of GAPDH)
Clone of u-PA mRNA
2.5kbp
1-3B 85.1
1-3C 61.3
23-48' 76.3
26-6 - 40.7

c
Expression (% of GAPDH)
Clone of u-PAR mRNA
1.0kbp — 1.0kbp
1-3B 101.8
1-3C 55.4
GAPDH — 23-4B' 100.4
26-6 92.5

Fig.2. Northern blot analysis for PAI-1 (A) -, u-PA (B) - and u-
PAR (C) - specific messages in 4 different HT-1080 clones.
Total RNA was isolated by guanidium thiocyanate-phenol-
chloroform extraction and size fractionated on formaldehyde-
agarose gels. RNA was transferred and hybridized with *P-
labeled cDNA probes for human PAI-1, u-PA, u-PAR, and rat
GAPDH, washed and assessed by auto-radiography. Lane 1,
clone 1-3B; lane 2, clone 1-3C; lane 3, clone 23-4B’ ; lane 4,
clone 26-6.




W I EBIR IC BT 5 PALL & EIZoWT 739

. X— Kvy 2OBBRICET L - ESMaORI0ERE THMRL, B, AFEEEREHL, WERE70% IS/ —MildoT

2 — K=y AEEROIEBHMBOERAN TOHN % Fidler 3 HMEE L, BRAEIEO B RVt L2k, MIPICERY
LOFEICE DEEL LY. ¥ ([*]-Hodo-2’ -deoxyuridine, Du AFNTOAREHEEOAE A7 > b L7z, #E LB
Pont) {2 & » THETREIEM S N2 fEEMEE X — F<v 7 ADR D aEHE RO, fHHEEROREHEEDE SRR BEEMNRO
SR ICEER, FREN105, 905, 6 MR, 24MER, 48WFH RS~ OFRE L LCFFE L 7.

A

Control
(23-4B'+PCI mAb)

clone 1-3B clone 1-3C clone 23-4B' clone 26-6

Control
(23-4B'+PC| mAD) clone 1-3B clone 1-3C clone 23-4B' clone 26-6

Fig.3. Photomicrographs of 4 different HT-1080 clones immunostained using anti-PAI-1 monoclonal antibody (A} and anti-u-PA
monoclonal antibody (B). Suspended tumor cells were fixed on glass slides using methanol-acetone and incubated with either mouse
monoclonal IgG against human PAL1 or u-PA. In control experiment, the cells were incubated with anti-PCI monoclonal antibody (PCI
mAD). The presence of bound antibodies were visualized using the avidin-biotin complex method. Scale bars, 10 z.m.

Table 1. Endothelial cell adhesion, invasive potential and number of pulmonary colonies resulting from
intravenous injection of HT-1080 clones

. Invasive potential Number of pulmonary
Adhessiveness . ® .
Clone to EC (%) through Matrigel colonies 3 weeks after
(%) injection (colonies/lung)

1-3B 64.111.0 27.6£3.6 4.3848.40
1-3C 71.1£3.5 23.5£0.8 12.5412.1
23-4B' 659+2.1 27.9+4.4 226 142%
26-6 723*15 22.0x£1.6 556272

Adhesiveness of [*'Cr]-labeled tumor cells to HUVECs was evaluated by a monolayer abhesion assay.
Invasive potential of ['®I]-labeled tumor cells was tested using Matrigel® coated artificial membranes.
Number of pulmonary colonies formed on nude mouse lung was counted under dissecting microscope (X 20).
Statistical difference was proved by unpaired t-test (*p<0.001 versus both clone 1-3B and 1-3C). Values
regarding adhessiveness and invasive potential indicate means and standard deviations from the three
experiments. Values regarding number of pulmonary colonies indicate means and standard deviations from
the nine experiments.
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K. MEBHERICRIETAIN) L Z8EEEOINE &3
E FPAI-1E/ 7 0—FVHRIC L 3 PAIL-1LEMEOHIE
DR
X= K=o 2123 L, BEMBOBEIZNE> T &
(Roche, Basel, Swiss) & L {i33¥fe + PAI1 £/ 70—
fiiff, 5PAI12 (Technoclone Inc), @5 47wy, [EiEMlzn
I BMME RN OBER FHEASHEBIE) B L OF0 %M
R QAIER) T 28 FE % % L7z, FHilz 5PAI2 ©
PAL-L {&PEIZXE3 2 #0HI%0 8 1%, ELISA I2E W R L 72 (F—
YRFET), AU Y G0 v b)) X, AR IEENICES
ML OBEHRER S 6 BFRZICHEYS L, 5PAII2 (180u4g) i3,
TEBEMMaO#ER, EBIZEEL .

134 &

I. HT-1080 7 O — > {8 :

HT-1080 Ok G400 2 0 — BT S h7z, s o—3
1-3B &, i\ wPA LV &, v PALL LRLVERL, 70
— > 1-3C i&, uPA, PAL1 HIZRWIURL NV ESEH L7z,
O—> 234B’ i, MFLIZHVHELVARLVERL, 70—
26-6 13, vy w-PA LNV E, B PARL LA &L (F
). tPAHFLEL AL iEwehoso—- 28w Th, wPAL
NV LWL, TSR ) =42 T FR— —
(plasminogen activator, PA) F® tPA O 5o 2 H 413, $H10%
Thol:. TF LARVOFHICELTIE, 70— 266 Kb
@7 u—> 1-3C FEHE L, PARL LRIV E ORIZIEAHEAS
b BN (r=0.975).

I. &€/ 70—7F/L#B#D mRNA L ~NILOFIE

PALl @ * v+ — V13328 X OF 2.8kbp @ 2 AFFIZ/8 Y K%
WH L (K 28), BB L AL FHIE L7 0— > 234B' B
LU 2661, BV mRNA LAVEFRLAE, &£270— B0
PALL LRV OZENELZ 3.2kbp DS FIZENRTWE I L A%H

n

—t  wmh b
".’?'?3\

i

clone
26-6

Arrested tumor cells in lung
(% of injected dose)
»

o N P
\

Control 1-3C
Heparin ;
(ip) PAF1mAb
(iv)

Fig. 5.

Number of pulmonary metastases

ETHY, PAFL OFBIZH L THE L~V & mRNA L~ L
—HTHIEERDI. wPA DRy E—UIL, 2.5kbp O
[N FRIEEL, 78— 13B BLU 234B’ 2B\ %0
FEHAHEAE <, PALL &R, HURL NIV EOBIZFRY
DR S N7z (X 2B). u-PAR iZ 1.0kbp DB IZFEH AL &
N, 70— 13C DABDI>DZ7O—r L), FOREH

Arrested tumor cells in lung
(% of injected dose)

1.2 2.4 36 48

Time (hr)

Fig. 4. Arrested tumor cells (clones 1-3C and 26-6) in nude
mice lungs after tail vein injection. Tumor cells (3 X107
labeled by [*I]-deoxyuridine were inoculated into the tail
veins of nude mice. Mice were autopsied at 10 min, 90 min, 6
h, 24 h and 48 h after inoculation. Their lungs were collected
and washed in 70% ethanol for 3 days before gamma-counting.
Lung radioactivity was expressed as the percentage of total
radioactivity. O, clone 1-3C; @, clone 26-6. Statistical
difference was proved by unpaired t-test (*p<0.05 versus
clone 1-3C, **p<0.01 versus clone 1-3C). Vertical bars
indicate X =SD (n=5).

(count/ lung)
[*]
=3
2

Control

Heparin
(ip)

PAK1 mAb
(iv)

Effect of heparin and anti-PAI-1 monoclonal antibody (PAI-ImAb) on the retention of tumor cells in nude mice lungs () and on

lung metastasis formation (B). Mice were treated with either saline as control or heparin or recombinant PAI-1 mAb. The effect of each
pretreatment was tested on both their initial arrests in the lung vasculature (using ['*I]-labeled tumor cells) and their abilities to form lung
metastases (using a lung colonization assay). Heparin (50 units) was injected intraperitoneally (ip) at 0 min and 6 h after tumor cell
injection. PAI-1 mAb (180 .g) were injected intravenously (iv) immediately after tumor cell injection. Nude mice injected with [*I]-
labeled tumor cells were sacrificed at 48 h after tumor cell injection and tumor cells arrested in the lungs were evaluated by gamme-
counting. Mice were autopsied for a colonization assay at 11 days after tumor cell injection, and pulmonary colonies formed on the lungs
were counted under a dissecting microscope. Statistical difference was proved by unpaired t-test. Vertical bars indicate X =SD (n=5).
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Ke, Mp3snru—romiIZERI -7 (M 20). 71
— 3 13C Zfthd PAL1 B LU u-PA 128V T3H mRNA L~v
Mo 72,

. ®mEHEREe

PALl iR A A 82781, 7 u— 2 234B B LU 266
ZBWT, L EELEAEES (734, —F, wPAH
hEHGIBEE, 20— 1-3B L 234B°C, L HiRELY
2R SN (M 3B). §7 00— OREMBABOKRE,
HELNVB LU mRNA LRV EFE LD 7.

V. &70-0O&%E 10—k

MEEAIL % X — = ADREIRICEERIOZHR & 1 5 ik
Bao=——oBid, 420709 ORIZHL L EEEIGE
BHhHN (L), 79— 1B B LU 13C B Nz BIE,
M#EE ECiE, Mo THE»Ran=— LRSI N e d o728,
y 00— 234AB’ OBFERIIERICERO I - PEEIh
yua—r 266 T, EHIEHnan—DPERENL &
yo—rOiEE o —ElfkEs, PALL LRXVBLUTE
LAY & ORIZEVIEO BRSO Sz (FNEh r=0.97,
r=098). WIhDr7 O - HfEEIn = —IBR L 2h-o
7.

V. 00— 0OESEES L UREEE

£ 70—y OFONEMBEA~OESEEL, 64%0»573% %R
L, 70— rEICHEZIEDO NG o7 (1), AREER
B (e h) AL ~ORBEIZIELT 42070~ Vi,
20% 7 532% DB THEAN L WEEIRLT.

V. [ESmEREEAOMANESRIRRORBIRINESR
HERIZIE, $:12 PALL, TF Z L CHRER BRI E 2 22 0%
bz 2omr7a—r 1.3C £ 70— 266 AV ez #
EH109 T & A O SEBAIL A o BRI R IZEIR L (80

Basement
membrane

Tumor cell

Tumor thrombus

Dissolution of the
basement membrane . e S

~100%), 909 #% F Tz I— > 13C & 266 DEIZIXEEE
RSN R 5720, 6IFMEDENT Y, 2 — 2 266 D7,
L 0% CMMENICER L (p<0.05), 48EEM#, To&Eld—
S A& %o 7z (p<0.01). FFAOEEATE D B ilE
ENHT, ZOMEEMIIFRICIZLALERLEVE) TH
272 (94).

V. FEBHERICBIET AN A& BREEEO NS &7
b b PAL-1 £/ 7 0—FUKIC &3 PALL EEOH
HOFNR

sH— 1-3C 2HR LAY ATIE, ~3%) »OEERE

5.3 & UL PALL HUARO IR 5 0 % 513 BB O A fL K ML i
EHNRT, FETIEELo10, su—r 266 TiE, ~/%Y
Y OREIERE G ) EHEASK R I s & e
LSO AKRET T AD LD L RTHEE &
LAEH LNz <0.01) (1 54). & & IEHHINEERLIIE

HOWER T 0= — OB~ ) S ESEO DRI

Zdro 7z (0<0.01) (X 5B). #T PAL HUEO IR S1Z & -
T, 70— 266 &ML 72wy AT EHE48ER M 120
PV TB & AL72 IEE N O B & USRI R ETR IR S LB
BRIOZ—-0EOW oML FERD s (FREh p<
0.05, p<0.01).
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Fig.6. The proposed sequence of the arrest and extravasation portion in the metastatic cascade. (A) Adhesion phase. A tumor cell is
initially arrested by close contact with endothelial-tumor cell plasma membrane. (B) Lodgement phase I . Activation and aggregation of
platelets occur immediately after the tumor cell arrest. (C) Lodgement phase I. A platelet thrombus is developed in association with
arrested tumor cell. (D) Invasion phase I. Endothelial cells are separated with tumor cell lodgement to basement membrane. (E)
Invasion phase II. Tumor cells proliferate in the vessel. (F) Invasion phase II. Basement membrane is dissolved.



742 w

EENRKOBKREEY THB 717 ) Y% PANTI A3
=Ty EHIL LERT AV AT ATH A, PA TS
TAIVENLTOMACHFET HABEEDO Ay n 70T F—F
@I7rF=¥, YIF+—¥, A aX)IY) 2EE L LE
EREOHBBEERSTHE2a5 -4, 3=, 74 70i0F
¥, LFAFy, EMNIRIFUEEXIMTLIHELD L. ®

A2 PA B KEICAEET 2B RER * BEE RSB T
EL7-ORHMBNRET LI LNBETHY, FOEE, &
MBERfe 2 BB LT . PAIZIZtPA L wPAD 220D ¥ 47
HH LY, BRL, BEEELEEIEVOE wPA LRLVDS
THY, Thid, wPA OREREL, FOMFEHETSH 5 PALL (-
R &2 v &, tPA 213 wPAR O & 2 Ml ET O SE
BRI EREPERE LTEAONS. LBWIEHEEED
BHIN TS uwPAIZITL, PAFL OFHIE, BEEXTOSEHT
OFENE, REBHIA TV RV, & LAGKRGESRE S HE
DE uPA 2T 570 RIFAFH L OB#IZ O W Thh
TWBREDHTHBE D, WEIZR - T, PAFL LIEBEOERK
FLoEEI, BAIEEPED LN TE TV A, Jinicke b
& Reilly i, FLBEEOURMAMST O u-PA - PAL HEL X
VOBS EBRWELREIVMEBET LI L2EH LTV 578,
PAI1 O LR F uwPADLFIZHT L7 ¢ — PNy J#ETIZ L
WHALHRLTWEDY, —F, SABOFHYIREBOEEY
YEIEB TR I THEEN, BoOMMET O PALL OFUE L
NNV EHETAH—FT, wPA DLV EIZHHBERE S L »
o7&, PAI % uPA LMY L7, FHBOBREB L
UPHROESORELTAHMED P v, Markus 50,
EBEHMED uwPA EEIREEOEN LY ES IR &
W HRED, PALIYE LNV OIESHMIY, EIBES 2B
LRTWIELERBELTVDY, iy, PAL #5438 uPA
AT H2EATH DI PDST, BRNERELHELT
WA EW)F—Fi, REHLMIZER TV PALL Ol
BRI BT B EEMRENIZOWT, W OhDEBIHEA
T\ 3, Kristensen % Pyke 5%, Lewis filifE#lf# o u-PA &
PAL1 HiE 5 X UF mRNA LU % B8 L 7-36 8 JEEAG O
ERRONLZVERETIE wPA & PALl OFEL2EET 2012
L, MEBBIEIE LWL wPADLEEHETHI L0 S,
PAF1 ¥ u-PAZ r LI-EHHEOBMANGTAZ 12k Y, &
BHRE o TV ARV TR L TV 29, MO
DIRETAGEL, EBEBAE L i < HB+ 5 5%, Montesano
L®, EFEMEATRBEAIZ TIRER © T 3582 PAF1 &
ETHHEVIHIRENS S, #7:% PAL ORBEBERICE
1T B BEEMIIRSIASRIE STV B2,

—TRERD FBMOEMEIIRECHES LTS, JEEM
FaR B CEERANEMAL T 5 &, B A ICHIRE BB f/ME &
TA47) PRI E o TR BEBERITEREN, FHHELD
BERNTFEAET L0, AEBR~OEEELZ LR SES, £
7o, SV REZIEEEROTRE, MBEOEER, ML
I T2 O MIRE R RS 2. Gorelik 1, MEEEMOFEES
FF 27N F5 - (natural killer cell, NK cell) & [EiE
MR d 2 MBHE RS S CATEND, EBERE,
NK fIB %01 E MR X 2 15BA D 5 OB D S B
RBERELTU2EHRELTVEY. BRIOICET—7 7 ¥
FLC L ERORBINAEBEBBILICAENTH S Z L IIEE
KHESNATBI?, E2{OMBICTHRERHEEINTHES,

TF i3, BERCHF E&L 22 EEATE L OS2 EE
L, BEHBOREIZ LR 51225, Mueller & I3 EERH
EREBUD AT ) —villax BT, FLPhD TF FHs
HBLALZA, HFREENI00EU LORETREZ T2 L%
AL, SLICABEERE RS ) —<Hilao TR iEM+ £ 70
—FVHRIZ & o THIfI L 728 8, IESMROEMRNSR T
DEREERT 5 L FARICHESB D 0= — k% 5T 5
CENTELLREL, EBEAARBIIBITS TF 0EEM
FERL A,

FeA DR L7z #n8% 2 PAI, wPA, TF LU %%
BT5h, 400 HT1080 £ / 7 0 —F VHll O MR 6 % 37f
L7823, BWPALL LNUVBIOTF LANLVAHEBELEY
O—> (70— 234B°, 26-6) |3 EHVINIEBEEL =T
W, uwPADOLAIIEHEBEE L IIHBLE o7, Xiz
FAREI I - OERBRCEEY 52 24 DERIZO>WT
HIZRET 1T > 7. Crissman 5 i, HER, ERMICBITL
B OB & BT BEMEE R H ORI B, &
Rl ERER R T AT 282 B85 F 202 3 BEFE o549
L, #AFNICHETARF2UTOMCRE L7 (26)™,
I3 1) BEEMR L SRS OMNEMBOMBEROBEED
HMEMBZITFERE 22 85HM, 2) BKLESMROE
BRSNS L TR SN BEEROFESER L2 2
EEM, 2LT3) BEEMROFEORERE~DBMEEIER L
%d, WEMBEEOESE, MEAREKEOER, #LTEE
PhhAEEM, LLEo3BRETHL, BBt -
v 266 &, KIEBEETHO/O— 2 183C oW C RS L
eklA, 1) OEFERTORBEOKEL 2 2 NEME~D
BAERE BLU3) OREHTOEEL 22 BEB~OBHEE
I3, MEOHMTERENRON L h o7z (FEL). 2) OEFMIL,
BRI I3RS DI T ¥ A MHES0S 0 S B M1 2
A DFFER K48~ 720 % T TTH B & Crissman 5 IFHEL
TWh EEHTO HT-1080 2 O — > OB % BT 5 012,
BEMIEE ) KXo TINILL, <9 X2 8 RASE R
BL-LIh, 70— 26613 70— 1:3C LHEIL, 60
BB THEIZE L ORI MENIZEET5 2 L A%
ENT: (M4). ZoBESS, Wy a—rBOEBED LD,
2) DIEEMTOGESYE, 2F ) EBBLTOZFRBZOMAR
BOMBREHIZE > TWD I EATRIBENT. 2O & 2l
THzH, BEHRREontktEMTsZLicLy, g
MEL DM MEN~DEFFHEENE S EPERET-7. W
BRI BHE L 72y R1Z, ~%) v R EIENRS Lk 25,
TU= 266 #EHELATY AT, sTIBBEEL BIL A~V
HERTIE, MBI R4S R I I M P 2 T A A
faBAM i L7 (X 5a). S HCHEEN RO~
BIZHBAPED S/ (M 5b). BEMELTETELLYY A
2 PALL &/ 70— VA EZERNES LA, 70—
¥ 26-6 OFFVEASREM IS IS BT T 2 B UL
L, MEHENBEZOMERI D —BREDRIS L.
PAI-l £/ 7 0 —F ViR TEHEMBLO PAL-1 iHH 2 #pHI L,
TR R B I AR AT S iz < & Y, BB OEEE
UTOBERAPHGI SN BLEIONRD. LLEOER,S,
HT-1080 2 nf2 5 % ALY 2 8% Tl B B o A E

ELRETFTHY, FORBICITEEEE L PALL SN

WERA LTV Z EAHAL IR - 7.




BRI IZB 1) 2 PALL OEFENIZDWT 743

SHOERT, HESEETED TV 5 EEMEO PALL iFiE
v MR OMBROP TS PARL L IEERBEERIZERL, £
OHEEOREBRIZOVTERLL., TAEFTHLITEL-
7lEIE% T O PALL OfkElid, BEERDT PA 12 & - TiEHAL
SN TTAIVNIL o THBIND I LEHE, 2ORKE
HHETAILIZEY, NEMBE~OBERBEOEZLET LI
HoLfEH L. F/- PAN B EIRIT2E/ 20— F i
HEOBEITLY, X— Ny AOEBIR 2T 5 2 L8
TE&, Hi-EBNHEREOT I TR S .

&

B

1. b MEHEREME HT1080) 5, 420, #4® PAL
1iERE 70—V 2 GHL:. £7 00— D PALL OF
FETF ORBE OEIZIEDOMMATR Sz

2. 2= F=Y 2ADRBHR~NESME % Btk o RE L
RS N AERBME D O = — OB TR S OISR e % 5Rl L
e lA, HErO—CEBIZBWTHEELREFRDOLNL, FL
THisER R I EE AR A 53T 5 PALL &8 L U° TF it &
i AR L T,

3. % HT1080 7 0 — YDA T o8 S L UBEREE
MR RO M IX BRI e dr o 72,

4, X—Fvy AOEKERMNZBITHR, 48K:HOEEMED
BEBELLEI A, FEALYOESBMIEN, BIERES
THANEBIT L. 20BN OMBEIZE4 @ Lk
A, BEBELZHFEOI T - 266 13, BEBETHOs -
Y 1BC IR L Y BB, Rz Es L,

5. 3, 445% HT-1080 7 u— Y HIBEREIZED S bk
BEDZEIZME NI B, HERIORHET 2 $ COR,
BREAER LT BEENICL BT Edtb o,

6. A~ L BEFEEOIKIS LU PALL £ F 00—
TP L BB EFEEOMHOME L iz s o— 2 266
DETAOER LR IR L2 /-2 &5, PARL @ik
BREEOWRT-& b2 2 oMl AoMEBEEiEL RET S
SRl S N AP Al

El &

WARZ DIZEA, BFE @R LE Y £ L7 BTSSR
RHALHPELRLET. FTLRGEEHIFEL RS F L LR
ML DS LET, AR LSRG 2HBREFRET L
7 KEEBRSFEFERT B, R Binder #8120 & W IRA VAL £
7.

T BARGHLOEE O —#i, 14th Congress of the International Society
on Thrombosis and Haemostasis (New York), Molecular&Cellular
Biology of Plasminogen Activator Meeting (Cold Spring Harbor), 40th
Annual Meeting of Orthopaedic Research Society (New Orleans), 12th
International Congress of Fibrinolysis (Leuven), 14th Internationl Cancer
Congress (New Delhi), 8th International Synposium on Limb Sarvage
(Florence), #32[ HAMHBMERR S (FAL), %4 HAFAERHES
(KR ICBVWTREL.

X it

1) Tsuchiya H, Christ G, Okajima K, Hufnagl P, Seiffert D,
Ohno M, Takagi Y, Tomita K, Binder BR. Enhancement of
antifibrinolytic activity and thrombogenic activity through
consecutive in vivo selections of human fibrosarcoma cells (HT-
1080). Fibrinolysis 6 (Suppl 2): 60, 1992

2) Freshney RI. Culture of Animal Cells, A Manual of Basic
Technique, 2nd ed, p137-147, A. R. Liss, New York, 1987

3) Schoerer AE, Rick PD, Swaim WR, Moldow CE. Structural
features of endotoxin required for stimulation of endothelial cell
tissue factor production; expodure of preformed tissue factor
after oxidant-mediated endothelial cell injury. J Lab Clin Med
106: 38-42, 1985

4) Chomczynski P, Sacchi N. Single-step method of RNA
isolation by acid guanidium thiocyanate-phenol-chloroform
extraction. Anal Biochem 162: 156-159, 1987

5) Virca GD, Northemann W, Shiels BR, Widera G, Broome S.
Simplified northern blot hybridization using 5% sodium dodecy!
sulfate. Biotechnics 8: 370-371, 1990

6) Hsu SM, Raine L, Fanger H. Use of avidin-biotin-peroxidase
complex (ABC) in immunoperoxidase techniques. J Histochem
Cytochem 29: 577-580, 1981

7) Wexler H. Accurate identification of experimental
pulmonary metastases. Natl Cancer Inst 36: 641-645, 1966

8) Dejana E, Bertocci F, Bortlami MC, Regonesi A, Tonta A,
Breviario F, Giavazzi R. Interleukin 1 promotes tumor cell
adhesion to cultured human endotherial cells. J Clin Invest 82:
1466-1470, 1988

9) Repesh LA. A new in vitro assay for quantitating tumor cell
invasion. Inv Metastas 9: 192-208, 1989

10) Fidler I. Metastasis: quantitative analysis of distribution and
fate of tumor emboli labeled with ¥I-5 iodo-2’-deoxyuridine. J
Natl Cancer Inst 45: 773-779, 1970

11) Kwaan CK. The plasminogen-plasmin system in
malignancy. Cancer Metastasis Rev 11: 291-311, 1992

12) Jénicke F, Schmitt M, Graeff H. Clinical relevance of the
urokinase-type and tissue-type plasminogen activators and of
their type 1 inhibitor in breast cancer. Semin Thromb Haemost
17: 303-312, 1991

13) Reilly D, Christensen L, Duch M, Nolan N, Duffy M],
Andreasen PA. Type-1 plasminogen activator inhibitor in human
breast carcinomas. Int J Cancer 50: 208-214, 1992

14) Hansen JG, Christensen IJ, Rosenquist C, Bruenner N,
Mouridsen HT, Dano K, Blichert-Toft M. High level of urokinase-
type plasminogen activator and its inhibitor PAI-1 in cytosolic
extract of breast carcinomas are associated with poor prognosis.
Cancer Res 53: 2513-2521, 1993

15) Foekens JA, Schmitt M, van Putten WL], Peters HA,
Kramer MD, Jidnicke F, Klijin JGM. Plasminogen activator
inhibitor-1 and prognosis in primary breast cancer. J Clin Oncol
12: 1648-1658, 1994

16) Nakamura M, Konno H, Tanaka T, Maruo Y, Nishino N,
Aoki K, Baba S, Sakaguchi S, Takada Y, Takada A. Possible roll
of plasminoen activator inhibitor 2 in the prevention of the
metastasis of gastric cancer tissues. Thromb Res 65: 709-719,
1992

17) Nekarda H, Schmitt M, Ulm K, Wenninger A, Vogelsang H,
Becker K, Roder DR, Fink U, Siewert JR. Prognostic impact of
urokinase- type plasminogen activator and its inhibitor PAI-1 in
completely resected gastric cancer. Cancer Res 54: 2900-2907,



744 o

1994

18) Markus G, Camiolo SM, Kohga S, Madeja JM, Mittenman
A. Plasminogen activator secretion of human tumors in short-
term organ culture, including a comparison of primary and
metastatic colon tumors. Cancer Res 43: 5517-5525, 1983

19) Kristensen P, Pyke C, Lund LR, Andreasen PA, Dano K.
Plasminogen activator inhibitor-type 1 in Lewis lung cacinoma.
Histochemistry 93: 559-566, 1990

20) Pyke C, Kristensen P, Ralfkiaer E, Eriksen J, Dano K. The
plasminogen activation system in human colon cancer:
messenger RNA for the inhibitor PAI-1 is Icated in endothelial
cells in the tumor stroma. Cancer Res 51: 4067-4071, 1991

21) Weidner NM, Semple JP, Welsh WR, Folkman J. Tumor
angiogenesis and metastasis - correlation in invasive breast
carcinoma. N Engl ] Med 324: 1-8, 1991

22) Montesano R, Pepper MS, Mohlesteinlein U, Risau W,
Wagner EF, Orci L. Increased proteolytic activity is responsible
for the aberrant morphogenetic behavior of endothelial cells
expressing the middle T-oncogene. Cell 62: 435-445, 1990

Fibrinolysis 6 (Suppl 1): 35-38, 1992

24) Zacharski LR, Henderson WG, Rickles FR, Forman WB,
Cornell CJ, Forcier RJ, Edwards RL, Headley E. Effect of warfarin
anticoagulation on survival in cacinoma of the lung, colon, head
and neck, and prostate. Final report of the VA Cooperative Study
75. Cancer 53: 2046-2052, 1984

25) Chahinian AP, Propert KJ, Ware JH, Zimmer B, Perry MC,
Hirsh V, Skarin A, Kopel S. A randamized trial of anticoagulation
with warfarin and of alternating chemotherapy in extensive small-
cell lung cancer by the Cancer and Leukemia Group B. J Clin
Oncol 7: 993-1002, 1989

26) Mueller BM, Reisfield RA, Edgington TS, Ruf W.
Expression of tissue factor by melanoma cells promotes efficient
hematogenous metastasis. Proc Natl Acad Sci USA 89: 11832-
11836, 1992

27)  Crissman JD, Hatfield JS, Menter DG, Sloane B, Honn KV.
Morphological study of the interaction of intravascular tumor
cells with endothelial cells and subendothelial matrix. Cancer
Res 48: 4065-4072, 1988

23) Gorelik E. Protective effect of fibrin on tumor metastasis.
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Abstract

Monoclonal cell lines from human fibrosarcoma (HT-1080) parental cell line were established using the limited dilution
method, and were subsequently screened for levels of type I-plasminogen activator inhibitor (PAI-1) antigen. Metastatic
potentials were evaluated by counting metastatic colonies formed on nude mice lungs after tumor cell inoculation, and the
correlation between PAI-1 levels and metastatic potentials was investigated. Each fibrinolytic parameter was measured using
an enzyme-linked immunosorbent assay (ELISA). Four monoclonal cell lines exhibiting stable levels of PAI-1 and urokinase-
type plasminogen activator (u-PA) were used for the present study. Their tissue factor (TF) activity was evaluated on the cell
surface by measuring prothrombin complex formation and chromogenic substrate conversion. mRNA levels of PAI-1 and u-
PA were found to be consistent with antigen levels. There was a highly significant difference in metastatic potentials as
evaluated by counting metastatic colonies in nude mice lungs at 3 weeks after the tail vein injection of the respective tumor
cells. Metastatic potentials significantly correlated with PAI-1 and TF levels. A clone with higher metastatic potential was
not superior to one with lower metastatic potential, with regard to adhessiveness to endothelial cells. However, as compared
with other clones, the clone with higher metastatic potential could stay in the lung longer after attachment. Regarding invasive
potential into the extracellular matrix subsequent to the tumor cell’s lodgement, no significant difference was observed
between clones. To dissolve tumor thrombus (which is thought to be essential for the tumor cell’s lodgement), nude mice
were treated with heparin after tumor -cell inoculation. No statistical effect was seen in mice inoculated with tumor cells
exhibiting low PAI-1 and low TF. On the other hand, the tumor cells’ lodgement in the lung 48 h after inoculation was
significantly inhibited and the number of pulmonary metastatic colonies was reduced in tumor cells with high PAI-1 and high
TF. Similar results were seen when mice were treated with anti-PAI-1 monoclonal antibody which inhibits PAI-1 activity.
Our data indicate that both PAI-1 expression and TF expression are crucial to metastatic potential of this tumor cell line and
that inhibition of either PAI-1 or TF activity can prohibit formation of lung metastases.




