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1. #H

JEHEOE P EEMRBK% (Capan-1, BxPC-3,
MIAPaCa-2) 2 ATCCEDBEEALTCHERLZ. In
vivo DEE T, 6HEBmOX—FeU A RHEHL.
{FHR L 72 %% serine protease DA >t EF—+ L
T FOY-305 UNEFEESL T L Wit 5) %, F 7z V-type
ATPase @ specific inhibitor & U T bafilomycin A,
(FEMETZE, KB E2ERHLE. 88, X—Fvv
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1) BEFEHHBEIC 8 1F 2 serine protease DFID 5 &
7R ARE 7 & Ui FOY-305# 512 & % FE=fe il
ZhR O FHHm T

[ 9 # f #R 12 B W S trypsinogen & urokinase-
type plasminogen activator (uPA) OFIRDOEMIZ
reverse transcription-polymerase chain reaction
(RT-PCR) # %\ T mRNA VUL THE L7, &
b trypsinogen 1, 2 7 & U8z uPA ¢ cDNA 3§
5, FhZFhIE RN LS K oligonucleotide
primer (Table 1) 2{ERIL /-, 7z, REHEKLTO
BrecReRe ik, SEOETEEAIC & 2 Mifatk % 1 X 104E 3D
X — Ko AQEBACEAL (BANBHEE), 6:8%
WEYEIE X ¥ T AR © MICHBER LV L TiER
OEFEFEL 72, X 512, FOY-3058 KGR % B4
2 MR & © EERE DT - S ROEHR X ¥ 7 FOY-
3058588 & FOY-305% %5 Lt - F R SR DR
T, HEBREROERIZ OV THRE L.

2) BRI 81 5 V-type ATPase RIOEE
& bafilomycin A, & % BHEHIHIEHER Ol /7 ¥

V-type ATPase iz 9 FEXH D subunit THERK I LT
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Table 1 Oligonucleotide primers for RT-PCR

Genes

Primer sequences

Trypsinogen 1

sense 5-CCCCCAATACGACAGGAA-3 (18mer)
anti-sense 5-TTCTGGGCACAGCCATCA-3 (18mer)
Trypsinogen 2
sense 5-CCCCAAATACAACAGCCG-% {18mer)
anti-sense 5-TTCTGGGCACAGCCATAG-3
uPA
sense 5-ACCACCATCGAGAACCAGCC-3 (20mer)
anti-sense 5-AATCAGCTTCACAACAGTCA-3 (20mer)
B-actin
sense 5-GAAAATCTGGCACCACACCTT-% (21mer)
anti-sense 5-GTTGAAGGTAGTTTCGTGGAT-¥ (21mer)

W3 53, JHhTdH16-kDa @ subunit i proton OFEEh
CHLHEREEZREZLTWREEZSRLTL
399 % 27, & F16-kDa subunit @ cDNA HEERT!
X b # R A primer & probe & E# L, RT-PCR -
Southern blotting ¥ % Fv> T mRNA v~V THRER
U7z, &7z, bafilomycin A2 & 2 BEMFHzIEICD
WX BIOCOAT MATRIGEL invasion chamber
(Becton Dickinson %) % A v>7z chemoinvasion
assay? &7 TFHl L 7z.
K &

1, BOEMIEIZ 351 % serine protease DFEH» S &
TR DT

A M FABR T @ serine protease D FH % mRNA
VARNVTRTHAS &, 5B TH % Capan-1& BxPC-
31X trypsinogen 1% uPA OWWE % & b IHBL T

7o 03, KSMEETH 5 MIAPaCa-2id uPA 7200 % 531
L Twiz (Fig. 1, Table 2), #Z 2T, &EHIkD

Fig. 1 Expression of serine proteases in human
pancreatic cancer cell lines and normal pancreas.
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Table 2 Characteristics of Human Pancreatic Cancer Cell Lines Studied

Human pancreatic cancer cell lines

Capan-1 | BxPC-3 MIAPaCa-2
Histology
Differentiation Well differentiated Moiii(ie;f;geélgt;l:gdorly Undifferentiated
adenocarcinoma d - carcinoma
adenocarcinoma
Mucin production + + —
Desmoplasia + —
Serine protease expression
Trypsinogen-1 4
cationic form)
Trypsinogen-2 +
anionic form)
Urokinase-type + -
plasminogen activater
Metastatic potential
(Intrasplenic injection method) Strong Strong None
Doubling time (in vitro) 76h 60h 40h
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Fig. 2 Histologic appearance of hepatic metastasis in nude mice using intras-
plenic implantation method. A, Capan-1 cell line (H & E, X 40) ; B, BxPC-3 cell
line (H & E, x40).

HEBELBABRBEEREC TRE L. 20B8,
Capan-1T% 9 7o 5 PE (56%), BxPC-3CIZ10/EH 5
T (50%) HEBROBENIAD Sz, Zhicxt
LU MIAPaCa-2 TR0 BB IE R S g5
7z, FEBEIIRIRMCIFERICHERFOREI & L
TRD SN, HBENCIIHEOEE LB IRE
BiEEsmHL, Lo bMEESBROBELFE-TED,
EMNEBEABRCEOD TAEVFEELS LTV
(Fig. 2).

Sk, BEEHIRER I 38> T trypsinogen 10 R X BF
BRI L CHBET 2 Lt wIBRESNE O, 72T,
Kz Capan-1{ig % B \» T, serine protease @ in-
hibitor T% % FOY-305IZ & 2 &BMEIZHR Iz > T
B L7

2. FOY-305z & % ISR I DWW T

Capan-1fifa D B ABHERE I & 5 FEBOFHEEK
¥, FOY-3053:% 58 (n=13) TR62% TH -7z DIZ
L, FOY-3058%58 (n=14) TRUBLEE (p<
0.05) wwidklans, i, HEREOEEETKCD
WTH FOY-305E8# 58 Ti310.3+11.2f8 (mean=*
SD) TholeDiextl, FOY-3058 584 C132.3+6.8
BEEBE (p<0.05) WAL Cwiz, 22720, EEH
MM BT 2REOHBICIFELZIR DN
otz (Table 3),

3. BEHR B 5 Vtype ATPase OFH I D
WwT

b MEEHBTA SNV EERE, BEMatkTD
ER B L e L T & 5288 0 PCR EYHER
»ohi: (Fig. 3),

4, Bafilomycin A2 & 2 B EIBERIRICOWT

V-type ATPase 2MEHIfE O R HRE C RIZTHEE
A% BKT, MATRIGEL invasion chamber % F\»
T V-type ATPase @ specific inhibitor T » %
bafilomycin A, DEREIGEIROBEIZ DWTRITL

Fig. 3 Southern blot analysis of PCR amplified
products of mRNA in human pancreatic ductal
cancer and normal pancreatic tissues with probes
for 16 kilodalton subunit of V-ATPase and 8-

actin.
Pancreatic Tissue Samples Cancer Cell Lines
&
N :,0\ & 0 &
Pancreatic cancer Normal G
——— E P TS oj
1234!6759‘0" 1. 2 3 4 5§
16-kDa
Subunit
factin  —eoDBSBEP-e  owmeoe

. 2 OEETO bafillomycin A, & B2 MER
é‘i.j 1T 2 BER] preincubation L, Z 0% EEiZit
1 X 10%@El/ml W FHEE U 7o ML % 5200l 372,
TERE7ET V525> MERKRE L CREE R
PROBEE LB AN, 24FHECEEL AR
HERToN, HER, 74 V7—THZABELE
WaxE Ay ) —VCEEL, TOBNIFFYY Y.
T Y rREERT, X200EOFRTHELV VT
YF A HEFERY, 1HEYL ) OFEMaeE
HUTiTo . Z D58, Capan-15 & UF BxPC-3D\»
T OMKEER b bafilomycin A2 k> T # DREEE
PEREARERI, L T TI100nM BEDLV LT

Bipwlzni: (Fig. 4).
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Bift, 8% 53 serine protease D 1 2 TH Y, BE
BEOREMIETERK « SW AT 3 trypsinogen 43
t MEEPMOBE BB TERCBRERBEL THwE 2
L BEE L, uPA kEREIC trypsinogen b IEMEIZE
#ahhiTfilan= bV v 7 ASEREL L TROR
- EBCESEST 2RO 2 Z 2 EMEL T
E7:9, IS SEOWRT, b MEEHHELTO ser-
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Fig. 4 Effect of a V-ATPase inhibitor agent,
bafilomycin A, on the cancer cell invasion in
vitro by chemoinvasion assay using a
MATRIGEL invasion chamber.
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ine protease M % RT-PCR & % FI\» T mRNA
~OVTHRER L, serine protease DFEI I & 47 fFiEk
RRIZDWTHRAE L 70 E, trypsinogen
1 (cationic type) DFEIR & FFEERRARIL & CHIBE T 3 &
VI EHEDSR S Nz, & 512, Capan-1§Iiak: T o iz
BREORKERL & e F4 @I, FOY-3050#5 T
BECOH Sz LnEEESNS, D EOEBRKE
6, BEMIR T OMFEBERR I 3Rk, & i
SN Twv 3uPA N 2 T cationic type ®
trypsinogen 12SEBE R BE 23 U T\ 2 AEEM 28R
BWENiz, Likdo>T, v b Y v 7 ASMEERED 15
T& % serine protease DIEWAL®MIH T2 2 Lz k
5 IFERBHIEIE & LT, B4 F4 5 serine  protease
inhibitor T % % FOY-305% # 5 4 2 protease in-
hibitor (PI) BRI E b CTHERLIBELELE 2 5,

EIAT, bt MERHIIEIZ trypsinogen ¥ 433 2
7217 T’ {, pancreatic secretory trypsin inhibitor
(PSTD) bHBENCHWL T2 I EHBH SN T B9,
L»L, #% PSTL i trypsin L &£& L TESE LR
B L, V2o 7z Al trypsin I 2 FAE T 2 23, BRI 0R%
e L B trypsin IHHELEE (PSTI O—RFIHE)
TAHIEPHIGNTED, KnitzB A > V9 —THh
S|EMERENY PV f v ESY— (BPTD 28
trypsin E ZELEEEEZEE L CAAHET 2D &
B TH 27, &7, —~BITEEIEOME 2B
WTeH 270, 20 %5 8L T trypsin £ PSTI
DEERBIBHLRT VI bHSAT WS, L
HoT, b bEEEETIOBRIREL T3 PSTI iz
W3 L b KEEHNICH trypsin fERE 2 F48 3 2 L IZH S
WIS b, trypsin {EHER plasmin B R £ o0
serine protease ¥&{4 % [AEHH I Ak XAHE T 2 HiW©
{E5>F& K serine protease inhibitor T#% 2 FOY-305
EHARBICRET B LOBERTHICH B EELT
w5,
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V-type ATPase i3 F-type ATPase (3 b2y RV
TWEEL, ATP &RkicBES), P-type ATPase (£

WCH OB OTHRB CFEAEL, MRS A0 H

ZB5) R SE 3 @ proton pump & U GEER WL
SNz H DT, EMIIZOWER, lysosome, endosome,
trans-Golgi network (TGN), clathrin-coated vesicle
T EOMBRERCILS ML, 8FNH 2T O8N
REFBECED I LI DB OKEPRIES ¥ T
WHEFZLHNTVLEYY, Bilf, EH 513t bEEH
MW TC V-type ATPase 2S5@EIFEHL T2 D% RT-
PCRZ% AW T mRNA Vv~ )L CHESEL, X 51216-
kDa subunit 233 % $LM1E % A > T 2 @ proton
pump PRI OMIENICBRIAE L Tws 0%
RIEREEIT o CEAV AV THER L7 (), <
D V-type ATPase XMLD& 7% o ¢, BrEHIk, <
7u7y—y, S FPROMBEEC bREL,
2T b BRI B O BRI OB E L 7= EEE
BT & % ruffled border 1238 D V-type ATPase 2%
FIEL, %<0 25O resorption lacunea i
FEH L OB B e BN BRES 2R D P T
5 EDBHISNTWSY, IO lacunea TORUN 2 B
HEREET T, BRI b 3 lysosomal enzyme %
MMP-9235EMAL X 4, B OBIK & EHEEE OMEIIE
o TEBRINDHEATHL EEZ 5N T WS,
AT, EEF S IIREMIZHEEIT trypsinogen
% procathepsin B #HIHL T 2 L 3HEL T E
7239, lysosomal enzyme T2 % procathepsin B i
ED ¥ THi <, cationic type ® trypsinogen 11
acidic pH (pH 4.5~5) T#hE & < autoactivation &
NBZEPHISNTWBY, Lizd > T, EHEC s
I 5B PRIROBES & FIfE, BRI VT b
IZHAET 5 V-type ATPase IZ & - THIlIA~BEHE &
N7z HHic kb, BuhaBEREsfEsh, 2hick b
trypsinogen 1%° procathepsin B #{EH L s h T
trypsin % cathepsin B & 2> TH SN~ MY »
7 AEWET 5 L [EKFFIZ, MMPs % ¥ 0 proenzyme
DEMEMC LS L TwaaffEls+4 ez o h
5, 22T, V-type ATPase O@EIRERHSH, L
PHX— Ve REHENEER I TTER SR
H7z 2 B OBEMEE (Capan-1X BxPC-3) #Hw
TV-type ATPase D R BRI RIZTEE %
chemoinvasion assay % CEE L 72, % @ & &,
Capan-18 & U BxPC3D W3 O #FIH b V-type
ATPase @ specific inhibitor T# % bafilomycin A,
& - T OREEPBERFECERCE SN S
LV BRSO , U EDORREE T, BEKsE
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A New Strategy for the Therapy of Pancreatic Cancer Invasion and Metastasis by
Protease Inhibitor and Protein Pump Inhibitor Agents

Tetsuo Ohta, Hisatoshi Nakagawara, Hajime Arakawa, Fumio Futagami,
Yuji Tsukioka, Hirohisa Kitagawa, Masato Kayahara,
Takukazu Nagakawa and Istuo Miyazaki
Department of Surgery (II), School of Medicine, Kanazawa University

The potential for hepatic metastasis in nude mice was studied by the intrasplenic implatation method
with three human pancreatic cancer cell lines, Capan-1, BxPC-3, and MIAPaCa-2, especially in relation
to serine protease expression. The inhibitory effect of a protease inhibitor agent, FOY-305, on hepatic
metastasis was also assessed. In addition, we examined these cell lines, for expression of he vacuolar type
proton pump (V-type ATPase), and determined the effect of its inhibitor agent, bafilomycin Al, on the
cancer cell invasion in vitro by chemoinvasion assay using a MATRIGEL invasion chamber. The
potential for hepatic matastasis was well correlated with expression of trypsinogen I (cationic isoform)
in these cell lines, and the incidence of metastasis was significantly decreased by FOY-305. In addition,
the potential for invasion in vitro in these cell lines was also significantly suppressed by bafilomycin Al.
These findings suggest that pharmacologic inhibition of the activity of serine protease and V-type
ATPase may be a new strategy for the therapy of pancreatic cancer invasion and metastasis.
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