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L MNEEORME - mBICBIAE) T T —ED
ZE BT 5 EERAFTE

SR KFELEERIE RS BB (E  BER)
- L I %

BOBHE - BRICBIIAEN) 7Y/ —FrBlUvnxt—ER TSR3 ) -4 T 7 FX—% — (urokinase-type
plasminogen activator, u-PA) (2R & N2 L) v Tu s 7 —EORFIEE L, HMLENRL S 5 BEN ¢ F FEE Rz
HWTE) /a5 7—YoRBLEEE  BEBELZLTICE) »yFuFr7—EAL ¥ —THhb FOY-305 DR - ImHk
B IZTEEIIOWTRET L, $TEEERY 25— 5% Avi7: mRNA L~V TORIT T, wPA IXSEEL
HEE R EEECRESBO N0 L, B 7Y ) =4 1351k T& % Capan-1, BxPC3, AsPC-1 0 3 FIz
DHFEBRFEALNT, BEEEFEFHOAEAL ALV TORENFERIE mRNA LAV E L{—FHLTwz, FAX—FvT2R
DOBNBREEC & 3 FiEB54E®IE, Capan-1 TI356%, BxPC-3 T1350%, AsPC-1 Ti389% L EERTH-7zDizxt L, 1t
E Oy Panc-1 & MIAPaCa-2 TREBIEL AN Ed o/, Thbb, BEHROFEBERERIIMEER LTI RY
Ty —ryORBEL LI HABLA. KIC FOY-305 OMEEMORE - SRS LIZTERERFT LIS, w7
WERWEA Y R=Ya YT vt 4128175 Capan-1 MEOREMILEIE, FOY-305 MIEIZ X V0.1, MIEELL 1 Cilk IR
MR Lz, F72 Capan-1 MO MRABHEIEIC & 2 FERRAERIE, FOY-305 EHRGHD62% 14t LGB TII14%
&, FOY-305 #5512k D ABICET L., DEoB#ELY, BEHEORE BBV TR vPADALRLTY, Y
T )= PEELREREARBEoTwAZE, ALY 7T -0 bENfT A I TRORHE - 58
L HIHI T & DA FEEARIE E .

Key words serine protease, pancreatic cancer, pancreatic trypsinogen, urokinase-type plasminogen

activator, FOY-305

I, BMlioRH - ERICTAEL oM~ ) v 7
AGHEROESPEEREN TR, £OMTH, &)~
TUFT—¥D12CTHAETIAI Y ET M) v s AAyaT
05 7 — ¥ (matrix metalloproteases, MMPs) 7% &M<
R o ASEBEFORBAEE R L EMILTL I TE
B, Bl YR - BT BOMBEA~ MY v s AR E
EEOSBICEELEE2HE L T2 EEIREIh Ty
B3 F -85E, Ohta 50w ) vy 7u77—¥D12TH
BN TY ) = BB O AL O T HBLMOWLERET
bERICEBLTCWA I LR BRMB AV CTHRE L, ke
BOBHE  EBICBTAMN) 7Y ) - OBEENTIERL
TWAh,

ZIT, KW TIIEN) 7y —FrBLUyndF—+
MFSS5 23 ) —-4#27 5 F~N—%— (urokinase-type
plasminogen activator, u-PA) (2t &hb L)y 7aF7—+¥
WL, #RSORE,SA L MEEREORE - FiEE
- B, EbiCiRE) ySOFT ¥ E Y —TdH L FOY-305
(Foipan®)" % F v 7 EEERIRL 0818 - FHERBIHHIRICOWT
BWE L7,

TR 8 4 9 A30H %A, i 8 F11A1IHZH

e L UHE

1. b MEEEEMAR

SACEO R % % b bR 2 R E RS (American
Type Culture Collection, ATCC) (Rockville, USA) & h A LT
R L. WL 2MBEkIL, Capan-1 (B {LRIRSE),
BxPC-3 (B4 {LBIIRHER), AsPC-1 (WFA-LEIBRAE), Panc-l (R43
{LEIBRHE), MIAPaCa-2 GRAMLHE) O 5 EHTH 5. Mgkt
FITIE, 10%IE@ 4B R MiE (fetal calf serum, FCS)
(GIBCO, Grand Island, USA) & 03mg/ml 7 Vv ¥ 3 > (HKE
#OHEE) & &ORPMI-164055# (KB 2 Hv, 5% CO,
IREE, 3TCOLETTRERLL.

L. =B

4 BESOMER — F<=7 A (BALB/c nu/nuw) (HEZ L7, K
) kAL, 2HEBOTFHRATOR, 6 HBORATERIC
(IAPPAR

m % &

) ry7ruF7—¥A ey —k LT FOY-305 (Camostat
mesilate, /NFERTE, KR 2EHLL. X—F¥ A%

Abbreviations : BSA, bovine serum albumin ; ELISA, enzyme-inked immunosorbent assay ; FCS, fetal calf serum;
MMPs, matrix metalloproteases ; PBS, phosphate-buffered saline ; RIA, radioimmunoassay ; RT, reverse transcription;

wPA, urokinase-type plasminogen activator
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BW7-EETIlZ, Ohkoshi 5D JiE It > T FOY-305 2Bk
01% % EHT AHEMAF L L TROKT S €7,

V. #EgE~K1) X 5 —EHEERIG (revers transcription-

PCR, RT-PCR) %

1. 4 RNA it

a7V MREEO K EIERR B £ 0.02% EDTA &N
0.25% MY 72 v (GIBCO) I CHIEEL, V) o EsigEABAR
i (phosphate-buffered saline, PBS) (pH 7.2) 12T 3 [0l i 1%,
Chomczynski 52D FFEIZiE-> TERNA # i L7z, -85
FHRHC SR L 72 EE BRSO —3 % E 512 - 80T IZ Bk
BHELT, Ty V72 /=T T2VTLFF T R— MK
IZTE& RNA i L, M) 7o/ — 7 U REOBMEED >~ +
o-vEe LTHERALE.

2. T9A4=—

v MEERY S/ —4 -1 (pancreatic trypsinogen-1,

Upper chamber
Capan-1 cells
in 0.1% BSA - RPMi 1640

Matrigel z \

30
"N L& FOY-305
o2
=9

%-2';}/391()-7
] -H | -

{ Lower chamber
24-h conditioned medium

Porous filter
( pore size, 12um )

Fig. 1. Diagram of the Transwell chamber for in vitro invasion
assay. Capan-1 cell suspension (1 X10°/ml, 0.5 ml ) and
conditioned medium (1 ml) were added to the upper and lower
chambers, respectively. Various concentrations of FOY-305
were added to both chambers.

Trypsinogen-1’
u-PA..

Bractin.

Fig.2. Detection of RT-PCR amplified products of mRNA for
pancreatic trypsinogen-1, u-PA and #-actin in human
pancreatic cancer cells. Pancreatic trypsinogen-1 was
expressed in lanes 2, 3, 4 and 7 and u-PA was done in lanes 3-7.
Lane 1, size marker; lane 2, normal pancreas from surgical
specimens; lane 3, Capan-1; lane 4, BxPC-3; lane 5, MIAPaCa-2;
lane 6, Panc-1; lane 7, AsPC-1. Pancreatic trypsinogen-1, 381
base pair fragment; u-PA, 474 base pair fragment; j-actin, 592
base pair fragment.

cationic isoform)'™, w-PA"B LU -7 7 F ¥ (5.
actin)W® % cDNA HERF L HYUTOF ) T2 L4
FRTIAT—%EE L, BENM T -V 28544
(FEE, BER) FOYBALTHERALAZ. 28, Thsrs
1<% —1{% GenBank 77— % —RXR—-A TN IO L FEDn
Vel It xBRLAL. BN TV -4l
1. YA 774~<v—5 -CCCCCAATACGACAGGAA-3’
(cDNA E£% 5 294-311), 7> F LYy A5 4 v 5.
TTCTGGGCACAGCCATCA-3’ (657-674), u-PA: + >
AT F4~v—5 -ACCACCATCGAGAACCAGCC-3' (cDNA &
HFEHF 2494-2513), T rF VYR T 5 4w — 5.
AATCAGCTTCACAACAGTCA-3’ (4174-4193), R-T7 7+
Y1k YATF A4 %-5 -GAAAATCTGGCACCACACCTT-3’'
(cDNA #H#%E 5 1299-1319), 7> F Yy A S5 14 <— 5.
GTTGAAGGTAGTTTCGTGGAT-3" (2406-2426)

3. RT-PCR &

lug D4 RNA %65C, I155°MEMEM, 148 cDNA AR+
v b (CLONTECH Laboratories, Palo Alto, USA) % T, it
EERIGIWZT cDNA 28l LY. $4bb, 2000=v b
EOL—HIEY A VABEEFEE L 0.5mM OF+F 1)K
X 7 L4 F F (dATP, ACTP, dGTP, dTTP) {R&%, U I dT
774 <—, 1HfI RNase lH#FRHF, 50mM Tris-HCI (pHS.3),
75mM KCl, 3mM MgCl, #37C, 904 Min &87-.

RiIZ, & mRNA ICERMEL 75 4 ~v—& TagDNAE) 25
— ¥ (Ei#E, ") 2T DNAHF—< LY 475
(Perkin-Elmer Cetus, Norwalk, USA) 2T DNA ##g /-, %
B, PCR KInix, #EME94C T30, 7T=—-N 7%
63CT15H, DNADHEZT2CT29MEL, ZhE1¥
A7NELTHEN) TS ) =421, u-PA IZ30% 1 7L, 3-
TIF I8 A IV TITo7z. 1572 PCR EEW%15%7
HO— R TEBEIOV, 255 BELkE L7, kE),

Table 1. Concentrations of serine proteases in supernatant of
culture medium of human pancreatic cancer cell lines

Concentrations of serine proteases in supernatant”

Cell line —
Trypsinogen (ng/ml) u-PA (ng/ml)
Capan-1 224.0£39.0 83.3£11.5 -
BxPC-3 18.7+1.2 56.7+5.8
AsPC-1 178.3+24.5 93.3+20.8
Panc-1 0 146.7%x15.3
MIAPaCa-2 0 96.7E£11.5

Y The results are expressed as X = SD of three experiments.

Table 2. Metastatic potential of human pancreatic cancer cells
in nude mice using intrasplenic injection method

No. (%) of liver metastasis-

Cell line No. of mice positive mice
Capan-1 9 3 (56)
BXPC-3 10 3 G0
AsPC-1 9 . 8 (89)
Panc-1 10 0
MIAPaCa-2 10 0
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Fig.3. Representative liver specimens from nude mice 6
weeks after intrasplenic injection of Capan-1 cells. (A)
Multifocal metastases are visible as white nodules on the
surface of liver. (B) No metastasis is seen.

IFVTLATOTAL FREEZTV, UV T 2AL VI R—F
—(7Fa¥, B ICTHE L.,

V. BEMREEL#TORY > TAF - HBEORE

ar7 NIy VREOSEEREMM L PBS T3 @k,
#E1M7E RPMI1640 3541 5 %CO,, 37TTHEEL, UBEMEC
FOEEA L 1000rpm, 105 &L LikEEZKREL:. S0k
JCLCEBLRERELEFORN) 7Y ) P RERS Y
A4 L/ T v+ A (radioimmunoassay, RIA) ZH&EEY % Bw
THIEL, wPABREEIVFA AL L4/ T vt (enzyme-
linked immunosorbent assay, ELISA)®% v THIE L7,

M. X—Fv o ABRABHEIC & 3 FFEBE T

A H B SR E R %0.02% EDTA #i0
0.25% b 1) 7L iz TRIME L GEINE, PBS (2T 1 X107/ml
OWEEICHEL:. OBy TV - EBEERRRICTE
MIELBBULTHAHZ L EHRALL. 6HBOX—Fvy
A 2Gy DEEBE#1T o /2%, Morikawa 57D EICHE L
BABHY{To/z. Thbb, THANF L OBEENENICCRE
ey, EREL D/ TR UM E A B ES
&, 29G VESENC CHIBIRE T 0.1cc GRALAR 1 X10°8) %1%
EPICEANR, B, EMERICRTRELEBELE. &8
BREIfThbhdof., 6BBICBERICHRZHELL, A
R O NCHEBENICHFEBOEEL ML 2. WM
HEBrATA2BIRREOEHMM L. ABENR
HiZ10% k<) Y EE®, HE BEICTITo7:. LBER
HRPEHMIIC BRETRLED) X—- Fev 0GB HlIE
L.

V. 1>~X~Y3>7 v+t (invasion assay)

BEFEHIAE Capan-1 % V>, Albini 5D FEX R L TIT-

Fig. 4. Histologic sections from liver metastases in nude mice
given intrasplenic injection of human pancreatic cancer cells.
Tumorous nests showing well-differentiated glandular patterns
are observed in these cell lines. (A) Capan-1. HE, X40. (B)
BxPC-3. HE, X60. (C) AsPC-1. HE, x40.
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L ThbLEE1I DT EL 7405 —F 12mm, RTH A X
12um D FF ATz ) F v 38— (Transwell chamber)
(Costar, Cambridge, USA) @7 4 V& — EEIZT M)W
(Matrigel®) (Becton Dickinson Labware, Bedford, USA) 30 »g
¥O-F 47 LbO%ER Lz, SEILE RPMI-1640 33
T VE 1~ 2BMERLLE, 0.1%F0ETVT IV
(bovine serum albumin, BSA) (Sigma, St. Louis, USA) % & ir
RPMI-1640 3231 ¢ 1 X10%/ ml (2% L /> Capan-1 MRS
F v 8= EEIZ500p1 MR 7. F v v N—TFTEITIIFRD
ELE TR L 7-3% ¥ (24-h conditioned medium) % 7 £ 7
LY MPARELTIml $OEA L. FEIC FOY-305

Fig.5. In vitro invasion assay showing effect of FOY-305 on
the invasion of Capan-1 cells. The migrated cells decreased by
treatment of FOY-305. (A) Non-treated cells. (B) The cells
treated with FOY-305 at a concentration of 1 xM. HE, X400.

%0, 0.1, 1, 10, 100, 1000 M DR ME IZHEL, B|Hp
REFEICOEDLL L) L TERB LUV VEEIHRML
7z. 5% CO,, 37CTRREMEE LR, 2 ¥/ —NVTEEL,
T4V —EEICBRo Mt b SV EE S ICRKERY
HE #&E21To 7. XFEL NV TX40DERTHEL, 710
F—TFTHEICEELEaE T v Y A5 To8A, oh
L EBEEICOE MY T r— MITRFVWAD 3 ERET L7

Y. Capan-1 BEMIROERRECS LIZT FOY-305 0

R

BEAROEECBT AFEBEICEREE) X TUTFT—
A ey —OBEERARIENT, X—FvI 2%,
FOY-305 #% % 2 :8MAT & h EBREIM G BH% 688 0T
T o L RO & €72 FOY-305 # 5.8 (15L) & FOY-305 % #
S Lk do 2358 (I5IC) 0 2 B1241F, Capan-l #ifaops
HBHEEITV, 6EZRIREFESEHEBRESEL S T CER
HEROEREBRET L.

K. #EHEeTE

WEMEE TR TEYLERERFE @£SD) TRLAE. 4o~
—Jar7yvtM 0EHHOBREYK, X— F3 7 AOHERE
B & UEE OB IZ Student D t REFFHV, FEBx

Number of migrated cells / field

0 0.1 1 10 102 103
Concentration of FOY-305 (uM)

Fig.6. Effect of FOY-305 on the invasion of Capan-1 cells.
Capan-1 cells were cultured on Matrigel-coated filters in the
presence of various concentrations of FOY-305. After 8 hr, the
migrated cells on the lower surface of the filter were counted.
Each value represents X +SD of triplicate in three independent
experiments. *p < 0.01 compared with control (non-treatment)
by Student’ s t test.

Table 3. Effect of FOY-305 on liver metastasis of human pancreatic cancer cell (Capan-1) in nude

mice

No. (%) of No. of metastatic Bod ioh
Treatment No. of mice liver metastasis- nodules per mouse o j}; gvlglg t
positive mice x+SD) x '8

Control 13 8 (62) 103£11.2 20.0£1.6
FOY-305 14 2 (14)* 23+6.8*% 19.2+2.4

*P<0.05 vs Control.
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OWBIZIEH 1 2 FEELZ AV
bo THREED ) LHIELI.

L WTR L fEMRE S %Rl E

B #
1. BEMBEICS IR TOF7—E0O mRNA LAV
TORBIIDONT

BRI BT BN Y T Y ) — 4 210 mRNA LRIV TORR
OFEE, 5HEOMEREMILE HY RT-PCR EI2TRE L
. BBy bV ELTR NEERBEEE, S L

& mRNA #H L. #0KE, 21 Thb Capan-1,
BxPC33‘oJ‘.UAsPC10)3$§iE BWCRENED SN, 51
Capan-1 & AsPC-1 TIEBEIIEH L Tz, ZhIHL, &7
{LRE DBV Pane-1 72 & UFIC MIAPaCa-2 IZIZHEHI AL LD
o7z, F 7R wPA @ mRNA LAV TORROKEEL AT
Lo A, SHETRTIIERAMNRD N (X 2).

T. BEMRECET3 Y 707 7—EDEELANNNTD

FEHRICOWT

ZPERAIAR R LER O M) T ) - ViRERNE L
E £ 1I2RF &9 12 Capan-l, BxPC-3 B LU AsPC-1 @ 3
BB TRBED bR, 4512 Capan-l & AsPC-1 TiEE <,
BHLALTOREBIZ mRNA LAV TORIIZL CHEELT
Wi, FbiERO uw-PA BEEZRE L E A S EETANRT
IRBEEALN, TH50 mRNADFEERL —HL T,

0. FEEMEROEREICDNT

X — N AMABIEEE B, BREE 2 QLIMIZETC L7
2L B A8IL e xf B & LT, SHEMEMROFEERERE
BE L7, FORKE, FEBHEAEIEFE2127T L9 10 Capan-l
TIE QUL 5L (56%), BxPC-3 TIZ10ULH 5L (50%),
AsPC-1 TIZOPLrh 8 L (89%) g b, Th e 3L

BWTNRLEECH -7, TNSDOERRIZIIHFELEERD
Lotz FRUI LOEE O Pancl % 5 UN2 MIAPaCa-2
TR EDIZIERBTEHERAA LN Aotz Thbbh, R
MO eI AR SER S Izl N T2 7 =7 L D%
Be X <CHIBL .

PRI L TR B 3 o & ) 1P Rf o H il offE & L
TEEI N, FFEBmofliegis, M4ok)iz,
Capan-1 Tld & {3838 L 2MRAFRES & 2oz frL, L
b B E A SR 0B (desmoplastic reaction) &> TH Y,
v bR O MG IO TIEWIZEEL & - T /2. BxPC3
TINREHEE & A A S D L OO EE Ao M4 1185
{, AsPC-1 TIIBRIEIEIK & WUE A (/% 2 5 & O @ Capan-1
B o,

V. Capan-1 E#BROZMEEIC

TRIZONT
BErD Sy =R BREEEL, LrbEFmegealL,
WA A e P IEERICEN T % Capan-l gz FIWwC
) ryFuF7—¥A ey —0REIIBLITTREEL SV
NR=Tar7ved TRELL. ZOKE, MEIRT LIS
FOY-305 {2 & 1) 0.1~10 M i HE o> ffi B T BEARAE MR 1 IR AN
RS A L7z, Lo L, 10~1000M OFEHTIZENL LD
RGN b o 72,
V. Capan-1 EE#EOFEBEECS L3 FOY-305 O
TEIIOWT
Capan-1 #ifa ORI R HEH 2 H BLPIIZFET L7z 3 L (FOY-305

X274 FOY-305 Dbl

58O 1L FEHSHN2M) 2 HR2TEENRIZLT, 6
BHRICENIE S ST EROFEL AN, FoMRE, TEBs
#1013 FOY-305 JE4%5- B CIL130Lrh 8 T (62%) & EEZEIZA LR
72OIA L, RSB HR LT 2 0L (14%) ICDOAED
L, FFEBRERIEECHS L. $FREOEBHEE
BizowTh, JERSHA103211.2(H & £SD) THo72DiC
XL, 5B TIE2368MEARICA LD o7z, & BHER
o<y ZAREIIIMBECTELZRO LI o7 (E3).

& &=

R RAHEC & 2 R R R OLEMIMHIN TS
A b oF, BEFEHRFICBIT2REED D 2 E 413
EHhOTRVOPFERTH L. WL ZOMHENFE L DIE
ROBHIBNZ LR, BRI ) =y FREEF RS
LA ENFORERTHLILIZEIETL AV, LaL, 2k
ZJEBED 2em DT O/NBIENFER SNz LT, Ml
AL C I SRR & & O R T A R IR E L T
72V, RIGFEBOMBEE &2 & ST OB T 29 5 56
ML, WROAEYFWEREDS S HRAVNL I EHPTE
51,

EIAT, INTETIIBATIRE - BRBT AHICIE MMPs, u
PA, 79 A3 YOMiaN~ b v 7 AGMBEIELS
sl @ L, wPA—~7F A 3 Y—MMPs iFHibo s A r—F
BB L% S hfwtf]‘“’ Bar) 7o kb EDEH
BN Loz, BEICRD, TOREOBREMTER - W&
NTWBLHENY) TY ) — b"/f) L2 S0 i AR SR oAl
JTTOERERL TWA I &t Ry, ‘Jéé"fmﬂ?;@ 93“?1‘[
TAREEN) T = ORI EE LA LI
7z T "."CDFH N T AR Ny 7 R R k L
TRYHOZ &, HILBBETHEEREARNALNLD u-PA R
MMPs % t"1L0)"f@’~l’§%i~’€0)ﬁfJ'5U7IT* EHERE L ST 5
L AEERRWICHEHE SN TB Y, Lo, R TFL S
— 7 A RT ORI TS it~ M)y 7 A0
B L L COREEH - TWAZ s D, #2T, K
WFETId, RSO T ORI EW P EE A VL F b
T2 e MO ERE N T, o - i ol

THEBEA B AL TR/ M)y 7 AR O D
’Ca%%—t oy TaF T - L, WEiilio ) L Ta T
T B (BN T = o) Ll BT
DTG L7z,

rALiE D) 5 R ¢ b G IER LR (Capan-1,
BxPC-3, AsPC-1, Panc-1, MIAPaCa-2) #JlJ\>T4x RNA %4
ILL, RT-PCREIZTHENY 7 /=7 L uwPA @ mRNA L
RV COREBERI L. b, Bh) 7Y/ -7 2238
FCHHRLELIDDT A YT 4 —LAHHMSEI TV DA,
EWTREL VAN AED LV 2KBOH F A=y 7
%l (cationic isoform) fi b 1) 7 — 4 (pancreatic
trypsinogen-1) T& 5 Z & 474 T2 Koshikawa 512 & - TH#
LENTVE, 22T, AIECTL I F+=y 7N ) T
2 =470 cDNAHEES L D FRHA VT2 LA FFTF
A== % ER L THE L7, 2OME, wPA RSLEL LK
BRI BIEBRI RO o L, B T =5 i
SLEICH A Capan-l, BxPC3 B L UF AsPC-1 12D AFEBLA A
Sz, 851, KEHEMRKOREEEFTO wPA LN
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T/ =Ty OEH LNV TOBREZNELEY, 2AFA
mRNA LAV TORBFE L CHBL T, Thbb, 5B
DEEEMALE wPA DAL LTI Y IV /) —F 2 E8 - &
T B ENFBIZTFLANVEERLVANLVTHETE L, 20K
#i2, Ohta LYDEFMOBKRM B TORF L —~FTLLDOTH
of:.

RIZ, EWEMBROFERiEEL L) > 707 7 - Y05
DEBRERFT L0, 6BEBOX— Fvy 22 HWTRANE
WETOMEROFE 4 AR %2 &5 OIS REt L7,
ZOFER, MMPIFEHL 6 1811213 Capan-1 T3 9L 5 JT (56%),
BxPC-3 TIZI0CH 5 L (50%), AsPC-1 Tid 9 P 8 L (89%)
WIFEBEOEEVEOON 0I5 L, Pancl B LOF
MIAPaCa-2 Tid & b IZ10/E &P CIRBEIIED Sk d o 72,
Thbb, WY TY ) =P roRESBD LR LB O
BRICTNOERITERSROON 0L, BrY 7Y
/=T DERDPGVHEEORVEHE TIIIFER IR O N
TN TV - oREEFERER L CHEETS LW
I TH o . E512, Capan-l HIEOMMHEIELE L 25T
EREOIRAERL b SR EMEE, MOZEENY 7Y V{ER
EEHT 5 FOY-305 x5 12X NVAHE (0 <0.05) gL, 851
TP TINVERHWI A "= 3 2T v &4 Th Capan-1 Hifa
DRI FOY-305 MBIZ L W FBICE L2 L ANE
HeNa, DEo#EE, BHMES2HE - w81 582136k
X DBELAER o7 wPA DHRLZLT, BRY TS ) —Foht
MOTEELRREZH-TWATEEMERTLIOTH Y, F
INLY) rFaF T —YOFEEEZINET A ETHDE
- EBTAHTELTRENDEIILERTINOTL D
5.

EZAT, BSOS FENIBERN) T2 ) — 7 g
V7Y ORBERTHY, L0k hRFECHEARATOME
RCTIEREOBEL ) 72 P ILERENEpPFEKDO S -0 b &

ZATHAH. B, ®ED Ohta S®IIHEHALEI 0TSO v

R T THBEPB T O bR 7 (vacuolartype H-ATPase)
FBEREBLTCVLILEARELTVLA, ZO7ObrHEy
TEALTHHENS 70 b Uz & ) S EBRE O S 1Em <o
CHONBMIBRBEHNTHER Y L /P U oiEER ) 7
YNIF =T 7 F =3 3~ (autoactivation) 2N B & VIR
BMELZCT, BN 7Y ) =i boBEEMBEL LS &
LTWwa., BE%6IE NI T ) =500 2hD7 4
VT A —LDOHFTYH, 4 mRNA LRV TOEBEIHHEREN
LehF Az ZHPENY 7Y 7 =4 2iF acidic pH (pH 4.5-5.0)
THERLLA = MNT I FR=—T a3y ST LA FEERNIZEEH
ENTVERLTHBY. Zoft, HFEEEHORMED» %S
LY, BRBABICEEL LAY Ia 77 —UNEETLHF
Ty VBNl o THFEHILE NI TRERLZI LN S

PE, BEfillc Bl ) r7usr7—FYoRBELEH -
EREIZOVWTERLL. SEOMET, BlstEE - o
TAHBIIERR L DL E Y 272 wPA DAL ST, PERY
Ty =D CTERELBEEEH-oTWwAEZ L, $42H
L) r7ur 7 —E0FEHALEIET S 2 & THROBRY - iF
BAMHITE2MREMITREN:, LdoT, by 7o
ER DIV FOY-305 % Fv 7= PIBEE AL L AT 2 BV B85
BFBH, & ICFMhob a2 LBRROMTHESE L
LTORRICHEPTEETH 2 L Bbhik

L Ed

DEORLL SEE L FEESEERAREBHTEY v
O7F7—E¥NERLERHE - BBELL VLY FaFr7—+
12Ye¥¥%—Th2% FOY-305 DR - EBEEICB L IzTHe
WZDOWTHE L, UTFOBELE.

1. mRNA LXUVBLITEEHLRVIZBWT, u-PA 351t
BB ABRICRIADEDONDIZTL, Wy 7
Y=L TH S Capan-l, BxPC3 B X ¥ AsPC-1 0
STEFIZDOARHEINA LN,

2. X-FR I 20BNBBMEIZLLIFEBR£2 3
Capan-1 TI356%, BxPC-3 Ti$50%, AsPC-1 Ti89% &, 4
EHOBTEETH 7D L, Panc-l % 5 U2 MIAPaCa-
2D LEORVETIIERNE A adh o7z, Thbt,
RO RERIIMEEL S KN TY ) 5y
DB E L AHBLA. _

3. Ay R=Tar7vEAI281F5 Capan-1 HIFEDEEM
Ha$i3 FOY-305 122 1 0.1 2 M LL LGBkt i L7z,

4. Capan-1 MfEDOMARHERIC X 5 FFIEB R4 %I, FOY-
305 FEIXGHDE2% 1IxF LIXEHETIZ14% &, FOY-305 $5-12
LNEEIRTLA.

PEX), BEHERoRE - EBI2B8VTIE uPA DALS
T, BRSSP BEELRBHEES-TWAZ L, -
oty 7ar T - YoFHEIHTAZ L THOR
- R T & B RE M ARIE ST,

#t 2

MERRD WA, WIHHEBEL2HEEHEBEB Y £ L&R
REEEMIEE RS R8I I B R EEEL Y. &
WROFTIZHAY, EHHELLHEELBY LSRR ARESE
RS TR R EE R IR R L Y. FoWBE, Wi
NEFE E LSRR EESEER RSB A SRERE 4 & I SIRASE
BEFER R S 4 — A B — 3%, B BEITENE, e S
FHEMEBADTF, BLUBNEE—HE, HE2E HEOHLL
E LB L FiTE¥,

i, ARAFFEOE T ILHE6M H AN E 2 ABA (1996, F3) 180T
SEF L

X 23

1) "hEICHk. EBICMST AN b)) v AGIREEE.
FLERIE 2 10 © 249-255, 1992

2) MHEEEE. < )y rarsarar(F—¥oiEER
5. FEBREREE 10 © 256-262, 1992

3) Duffy MJ, Reilly D, Sullivan CO. Urokinase plasminogen
activator, a new and independent prognostic marker in breast
cancer. Cancer Res 50: 6827-6829, 1990

4) Kogha S. Localization of plasminogen activators in human
colon cancers by immunoperoxidase staining. Cancer Res 45:
1787-1796, 1991

5) OhtaT, Terada T, Nagakawa T, Tajima H, Itoh H, Fonseca
L, Miyazaki I. Pancreatic trypsinogen and cathepsin B in human
pancreatic carcinomas and associated metastatic lesions. BrJ
Cancer 69: 152-156, 1994

6) OhtaT, Terada T, Nagakawa T, Kayahara M, Nishimura G,
Tsukioka Y, Taniguchi K, Miyazaki I, Numata M, Yamamoto M,
Iseki S, Kanno M. Expression of pancreatic trypsinogen in




BEICBITAL) y O F T —-Y0kE 793

human extrapancreatic gastrointestinal carcinomas. Oncol Rep 1:
759-764, 1994

7} Fujii S, Hirato M. Synthetic protease inhibitors. Taisha 14:
33-44, 1977

8) Ohkoshi M, Fujii S. Effect of the synthetic protease inhibitor
[N,N-dimethylcarbamoylmethyl 4-(4-guanidinobenzoyloxy)-
phenylacetate] methanesulfate on carcinogenesis by 3-
methylcholanthrene in mouse skin. J Natl Cancer Inst 71: 1053-
1057, 1983

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

10) Wang TY, Cox RA. Isolation of total nucleic acid. In SP
Colowick & NO Kaplan (eds), Method in Enzymology Vol 12B,
p115-129, Academic Press, New York, 1968

11) Emi M, Nakamura Y, Ogawa M, Yamamoto T, Nishide T,
Mori T, Matsubara K. Cloning, characterization and nucleotide
sequences of two cDNAs encoding human pancreatic
trypsinogens. Gene 41: 305-310, 1986

12) Riccio A, Grimaldi G, Verde P, Sebastio G, Boast S, Blasi F.
The human urokinase-plasminogen activator gene and its
promoter. Nucleic Acids Res 13: 2759-2771, 1985

13) Sun-Yu NG, Gunning P, Eddy R, Ponte P, Leavitt ], Shows
T, Kedes L. Evolution of the functional human j-actin gene and
its multi-pseudogene family: conservation of noncoding regions
and chromosomal dispersion of pseudogenes. Mol Cell Biol 5:
2720-2732, 1985

14) Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A
Laboratory Manual, 2nd ed, p7.30-7.79, Cold Spring Harbor
Laboratory, New York, 1989

15) Bk, g, LW RESA, FEMA, SIHEE,
WAMER, MU W, R ¥, FEEL, K B MERE
BT AL ) 7Yy OBRINESR. HIHEE 76: 15131521,
1979

16) Dane K, Andreasen PA, Grendahl-Hansen J, Kristensen P,
Nielsen LS, Skriver L. Plasminogen activators, tissue
degradation, and cancer. Adv Cancer Res 44: 139-265, 1985

17) Morikawa K, Walker SM, Jessup JM, Fidler 1J. In vivo
selection of highly metastatic cells from surgical specimens of

different primary human colon carcinomas implanted into nude

mice. Cancer Res 48: 1943-1948, 1988

18) Albini A, Iwamoto Y, Kleinman HK, Martin GR, Aaronson
SA, Kozlowski JM, McEwan RN. A rapid in vitro assay for
quantitating the invasive potential of tumor cells. Cancer Res 47:
3239-3245, 1987

19) EMEE, EBEHE—, KIS, BRHREICBULELK
DBR. T 44: 1411-1417, 1990

200 KREIEHE, KNS, WEAKEFEOITR DO &7/ R
DOBWFIZ BT BEE I oW, B & 9: 201-205, 1988

21) Mignatti P, Robbins E, Rifkin DB. Tumor invasion through
the human amniotic membrane: requirement for a proteinase
cascade. Cell 47: 487-498, 1986

22) Koivunen E, Huhtala ML, Stenman UH. Human ovarian
tumor-associated trypsin. J Biol Chem 264: 14095-14099, 1989

23) Koshikawa N, Yasumitsu H, Umeda M, Miyazaki K.

Multiple secretion of matrix serine proteinases by human gastric

carcinoma cell lines. Cancer Res 52: 5046-5053, 1992

24) Hirahara F, Miyagi Y, Miyagi E, Yasumitsu H, Koshikawa
N, Nagashima Y, Kitamura H, Minaguchi H, Umeda M, Miyazaki
K. Trypsinogen expression in human ovarian carcinomas. Int J
Cancer 63: 176-181, 1995

25) Guy O, Lombardo D, Bartelt DC, Amic J, Figarella C. Two
human trypsinogens. Purification, molecular properties, and N-
terminal sequences. Biochemistry 17: 1669-1675, 1978

26) Rinderknecht H, Renner IG, Abramson SB, Carmack C.
Meso-trypsin: a new inhibitor-resistant protease from a zymogen
in human pancreatic tissue and fluid. Gastroenterology 86: 681-
692, 1984

27) Koshikawa N, Yasumitsu H, Nagashima Y, Umeda M,
Miyazaki K. Identification of one- and two-chain forms of
trypsinogen 1 produced by a human gastric adenocarcinoma cell
line. Biochem ] 303: 187-190, 1994

28) Ohta T, Numata M, Yagishita H, Futagami F, Tsukioka Y,
Kitagawa H, Kayahara M, Nagakawa T, Miyazaki I, Yamamoto
M, Iseki S, Ohkuma S. Expression of 16kDa proteolipid of
vacuolar-type H'-ATPase in human pancreatic cancer. Br J
Cancer 73: 1511-1517, 1996

29) Figarella C, Miszczuk-Jamska B, Barrett AJ. Possible
lysosomal activation of pancreatic zymogens. Biol Chem Hoppe-
Seyler 369: 293-298, 1988



724 - I

The Role of Serine Proteases in the Invasion and Metastasis of Human Pancreatic Cancer Fumio Futagami,
Department of Surgery (1), School of Medicine, Kanazawa University, Kanazawa 920 —1J. Juzen Med Soc., 105, 717—724
(1996)

Key words serine protease, pancreatic cancer, pancreatic, trypsinogen, urokinase-type plasminogen activator, FOY-305
Abstract

This study was designed to examine the expression of serine proteases including pancreatic trypsinogen and urokinase-
type plasminogen activator (u-PA) and the potential for invasion and metastasis in five human pancreatic cancer cell lines
(Capan-1, BxPC-3, AsPC-1, Panc-1 and MIAPaCa-2). In addition, the inhibitory effect of a serine protease inhibitor agent,
FOY-305, on the invasion and metastasis of human pancreatic cancer cells was examined. Firstly, reverse transcription-PCR
analysis revealed that three of five cell lines (Capan-1, BXxPC-3 and AsPC-1) expressed pancreatic trypsinogen-1 (cationic
isoform) mRNA, while all five cell lines expressed u-PA mRNA. The expression level of pancreatic trypsinogen and u-PA
proteins in supernatant of the culture medium corresponded well to that of pancreatic trypsinogen and u-PA mRNAs,
Secondly, intrasplenic injection of cancer cells in nude mice resulted in frequent metastases to the liver in three cell lines
(Capan-1, BxPC-3 and AsPC-1). However, no metastasis was found in Panc-1 or MIAPaCa-2 cell lines. These findings
suggest that the potential for hepatic metastasis was well correlated with the differentiation and pancreatic trypsinogen
expression in these cell lines. Furthermore, Matrigel® invasion assay displayed that the invasion of Capan-1 cells was
inhibited by treatment of FOY-305 in a dose-dependent manner at concentrations greater than 0.1 M. The incidence of
hepatic metastases after intrasplenic injection of Capan-1 cells significantly decreased after treatment of FOY-305 (14% in the
treatment group compared with 62% in the non-treatment group). These findings suggest that not only u-PA but also
pancreatic trypsinogen play a major role in the invasion and metastasis of pancreatic cancer, and that a serine protease
inhibitor, FOY-305, inhibits cancer invasion and metastasis.




