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Protease inhibitor ¥ X Uf proton pump inhibitor % fv>72
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B OLE K B HE OER

t ~BEEMRE 3 Bk (Capan-1, BxPC-3, MIAPaCa-2) {231} % serine protease DFFH & & 72 fF
A2 EE 7 & (NIC protease inhibitor T#H % FOY-305#% 5.2 & 3 FEBIIGEIEIE L X — 7 2 2H0
72 RN AEREIC & B PR E T VEB Tl L /2. & 512, vacuolar type proton pump (V-type
ATPase) REROEEEZRFE L, %O inhibitor TH % bafilomycin A, 2 & % ZFIHIFIRIE % matrigel
invasion chamber % Fi > 72 chemoinvasion assay 3 CTHl L 7-. # DO E, BEEOERLEE X
trypsinogen 1 (cationic type) OFEIR & & {HEAL, Z DEEBHAERKII FOY-3058%5 CHEICIE &
Nz, 251, BEOBRME bafilomycin A, I k- THEKHIEII ., UEORRELY, & ME
FEDET « BE2RICER U trypsinogen 1 & V-type ATPase RN BEE R GHEWHUTHWE I E, 517
2 - ERB O £ L T protease B X U proton pump @ inhibitor %}% WISIEEEOE BRI
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1. #k )

3RO & b AR A I bR (Capan-1, BxPC- 3
MIAPaCa-2) % ATCC X O EBAL CTHEHL 7-.
vivo DEERTIX, 6:BEEO X — R~ 2 2 H Lf:,
5 U 72 ##13 serine protease DA b ¥ —& L
TFOY-305 VNEFEER T2 L Vit 5) %, %72 V-type
ATPase @ specific inhibitor & L T bafilomycin A,
(FoEMiE T2, KB 2R L. B, 5 —F=v

* BA6E HEARREY v R 1 - HLAREER OB
XS

<1995%F11F15H ZH# > FIRIFERE © KH H4
T920 SRHEHI—1 SRWKFEFHE 2508

pancreatic cancer, vacuolar-type H*-ATPase, bafilomycin A,

A% H W EB TR FOY-30512E40.1% 2 863 5
ARGk E L TROREG I8,

2. Jitk

1) BEREEMREIC 381 5 serine protease DFIR & &
TFEEREEE 4 & N2 FOY-305# 517 & 2 FFeafs il
ZhER DT 7 ik

J& 5 W B2 &Kk 12 B 1 B trypsinogen & urokinase-
type plasminogen activator (uPA) DOFREOE ML
reverse transcription-polymerase chain reaction
(RT-PCR) Z#EZ2FH T mRNA LV~ )V THREL. &
b trypsinogen 1, 2 72 & UNMZ uPA @ cDNA 5 EH51
"6, THZTNIZEREW LG K oligonucleotide
primer (Table 1) ZfER L 7-. %7-, SEHEHETCO
PR RE I, WHBOETEHA W b 2 Miftk % 1 X 10%E 3>
X — =7 ZAOBEACEA L (BNBHEE), 6:8%
WCEBRHESE & CIRERM e & ONT IR v~V TiER
DOEHEFM L7z, & 512, FOY-3058KEH =l
2 BIED & D KB T o LR OEH S ¥/ FOY-
305858 & FOY-3052 485 L g 20 > 7o JER S BE O 1
T, HEBREEDERIZODWT ORI L.

2) BEEHIEEIC B % V-type ATPase 8 D%
& bafilomycin A2 & % BENHEIRDE O FHME 5 5

V-type ATPase i3 9 F¥H D subunit THEEK X T
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Table 1 Oligonucleotide primers for RT-PCR

Genes Primer sequences
Trypsinogen 1
sense 7-CCCCCAATACGACAGGAA-3 - (18mer)
anti-sense 5-TTCTGGGCACAGCCATCA-¥ (18mer)
Trypsinogen 2 ’
 sense 5-CCCCAAATACAACAGCCG-3 (18mer)
anti-sense 5-TTCTGGGCACAGCCATAG-¥ (18mer)
uPA
sense , 5-ACCACCATCGAGAACCAGCC-¥ (20mer)
anti-sense 5-AATCAGCTTCACAACAGTCA-¥ (20mer)
f-actin )
sense 5-GAAAATCTGGCACCACACCTT-¥ (21mer)
anti-sense 5-GTTGAAGGTAGTTTCGTGGAT-3 (21mer)

W3S, T hH16-kDa @ subunit i proton D%E) 7208, RMEETH 5 MIAPaCa-21k uPA 7210 253
LR s BERRLL TS E ZzohTWw LTw7: (Fig. 1, Table 2), 22T, B IEMR IR D
229 % 7, &t b16-kDa subunit @ cDNA HEES

L 0 ¥ B Y primer & probe # F# L, RT-PCR - Fig. 1 Expression of serine proteases in human
Southern blotting ¥ % FIv»> T mRNA L~V THRE pancreatic cancer cell lines and normal pancreas.

L7z, %7z, bafilomycin AIC & 2 ZEIHRIFRICD
w1k BIOCOAT MATRIGEL invasion chamber
(Becton Dickinson #:%!) % F\»7z chemoinvasion
assay? 4T o TEHm L 7z,

R sy

1. BEMIIC 351 % serine protease DFEIL & & Trypsinogen I

7o BFEREEREIC D T {anionic form)
% 95 1 B Bk C @ serine protease D FE & mRNA u-PA
VARWVTRTHAS L, MBI TH % Capan-1& BxPC- g-actin

313 trypsinogen 1& uPA OFE % £ b HHEL T

Table 2 Characteristics of Human Pancreatic Cancer Cell Lines Studied

Human pantreatic cancer cell lines
Capan-1 BxPC-3 MIAPaCa-2 Lo
Histology
. - Moderately~Poorly . .
Differentiation “;?éﬂfffgﬁ%ﬁgd differentiated Ung;frfg{:grtéited
L adenocarcinoma
Mucin production + +
Desmoplasia + — —
Serine protease expression
Trypsinogen-1 _
cationic form) + +
Trypsinogen-2 + -
anionic form) 2 _
Urokinase-type ‘
plasminogen activater + + +
Metastatic potential
(Intrasplenic injection method) Strong v 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, x40) ; B, BxPC-3 cell
line (H & E, x40).

M 2 BN BRI THRE L 7. 705 E,
Capan-1TiZ 9 VL1 5 V8 (56%), BxPC-3Tid100Ed 5
V= (50%) CHEBREOEEBZED s, Zhicx
U MIAPaCa-2 Tiz10lteflic iR BT R o iz o
7z, MR IR EFRE I Aok s L

THEO o, MEBEIR OB E 2iEM s IR E
BECEHL, Lr b MEBEHROBELHE->TED,
EMNEREBBRICEDO TEVWEELZ ESTW
(Fig. 2).

LAk, BEREMBORRIC 8> C trypsinogen 1D F R & fF
BRI L SBT3 oy liEBsE s, 22T,
Rz Capan-1#1 B8 % FI v» T, serine protease @ in-
hibitor T# % FOY-3051Z & 2 8= I&I%hEIc D\W»wT
RREF L7z,

2. FOY-30512 & 2 FFERAIHII R 1 oW ¢

Capan-1{ifd D AR & 2 FER O 4=
¥, FOY-3053E#58 (n=13) TIX62% TH - 7= Dz
XL, FOY-305# 58 (n=14) TRU%LEE (p<
0.05) Wikl iz, %7z, HFEREOEBEEKC D
WTH FOY-305FE# 58 T1310.3+11. 218 (mean+
SD) Th-o7eDiextlL, FOY-305#8 58 TI132.3+6.8
fHEEE (p<0.05) WP LTz, 72770, EHE
RIFHE I B 2 BREOHRICITER 72# RS 5 h
7tino7: (Table 3),

3.%%%@&%U%VWWATm%@%ﬁmo
WT

b MEEAR T A SN L ERE, BRIk T B

TEH B & LB U CHE S 2212 3B E D PCR Y0327

woins: (Fig. 3).

4. Bafilomycin A2 & 2 BEHIERIE I DWW
V-type ATPase #SEHl 0 BEA I BT B %
# 5 HBT, MATRIGEL invasion chamber % >
T V-type ATPase @ specific inhibitor T & 2%
bafilomycin A, OEEIFHEHIR DO BRI O THRES L

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 g-
actin.

Pancreatic Tissue Samples Cancer Cell Lines

Pancreatic cancer Normal N
—— &
12 3 4 56789 1010 1

16-kDa
Subunit

p-actin ’

7z, 2 QBE TO bafilomycin A, & IR % MEAR
EBEH T 2 BF[E preincubation L, # 0% F= izl
1MW“Mﬂmﬁ%Ltﬂ%%@& £200ul 0,
TEWE7ET7 b T 78> MK E L CEEESRME
%@%%ﬁﬁﬁ%ﬂh,m%ﬁ%m@ﬁbtm@ﬁw
HEZITo Iz, HERX, 7408 —THEHIELE
Mz Ay 2 —VTREEL, ZOHATMFSY >
TA Y CREBRITH, X200EDFEETHIEL ~AVTT
YF LS HE R, 1 HE N D QAL E
HL TITo 7%, 2 DFER, Capan-18 X U BxPC-3DW»
FTh oMK b bafilomycin AW & - T % D EEE
PRERGFEMC, L b 3 Ti100nM EBED L)L T
BERCHHE 2 (Fig. 4).
z =B

w&iL, 3% 5 1% serine protease ® 1 D TH D, WHE
EDIREME TER « WS N T W 3 trypsinogen 73
E MNEEPMOMCRETERIOREIRELTWE Z
Y % L, uPA L FRIBEIC trypsinogen b Kz 2
s nhidifast < vy v 7 ASMEER L L TEDOE
- ERICEBEST 2RO H 25 2 L 2IERL T
E129, BB S EIOSET, b MEEEIIEER T O ser-

4
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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 O F£I RT-PCR #% % A \» T mRNA v
~UVTHIR L, serine protease DFEER» & &7 Fricts
BEww oW THE L. 0O E, trypsinogen
1 (cationic type) DFEH, & FFERERE L & < HEH 3 % &
W ERENE STz, & 512, Capan-1HlIE/E T DR
BEOFEFRL o N FHEMEEIL, FOY-3050&%5T
BECHG s 2 EpERHESN S, U EOERKE
5, BRI T O PR BRI I3 REK D © fal
X+ Tw b uPA W nx T cationic type @
trypsinogen 143EE B 7 &3] % 18 U T \» 5 Al REME O3 /R
Wahiz, Lo, by 7 ASRERD 1D
T# % serine protease DIEMWALZIIHIT 2 Z &I &
2 iR dIfEE: & U ¢, B9 F & serine  protease
inhibitor T & % FOY-305% £ 5. 9 % protease in-
hibitor (PI) #EEB3 b THHRBEEELEZ S

AT, bt MM trypsinogen 33 %
721 T7% £, pancreatic secretory trypsin inhibitor
(PSTI) HBFNC/HWMLTWD ZEBHISN TS,
UL, #% PSTI i trypsin L 2& L THEHEREE
KL, o7z Al trypsin {EME & BHE T % 08, BRI OE
W\E BT trypsin EEHMETE (PSTI O-—FrrIfEE)
Tz e TBY, KnitzBAf b8 —TdH
LEEMERENY) S v -4 S — (BPTD 3
trypsin & ZELBEER 2R L TAAHET 20D L
EIRITH B0, &7, — R ORI BB
BTebdiz, 20 &5 BT trypsin & PSTI
DEEGEIIBEHELDT VI bSO TWS, L
Do T, b MR ICREFE L w5 PSTL R
PF U b KB H trypsin fEH 2 RIET 2 L IXR S
B o b, trypsin M plasmin it 7% £ D
serine protease 1EM4 % [A#H I K AHE S 5 HIT
{&4>F& Bk serine protease inhibitor T#% % FOY-305
PHREICERE TS I EDBRRITHCHS }:%x
W5,
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V-type ATPase X F-type ATPase (S ba >RV
TWEEL, ATP &icB5), P-type ATPase (£
2 B OB O TERBOC AR L, Migs~o HHHkH
WwBIS) IR S 3 @ proton pump & L CGEER W
STz b DT, EMIOWEE, lysosome, endosome,
trans-Golgi network (TGN), clathrin-coated vesicle
2 EOMBENER A AL, &4 VT AT ORUN
BESPBMCR O LKL VB OBELREIRT
WHEEZSNTWED, i, EES I MEEE
AT V-type ATPase 2@FEFHL TS50 % RT-
PCREZ AW T mRNA VU~V THEREL, & 51216-
kDa subunit &3 % HLIME % H v T 2 @ proton
pump HFEEAIIE O MITE IS HFIFIR L T2 0%
GERERIT> TEHLV L THER L (EETh). &
@ V-type ATPase IZEMIED 47 &3, #EHE, <
va7y—9, HHEFPsROMiEE FERL, &
DT HBEMIC B W TUIBERINOSICE L 72 HKEE
I % ruffled border 12 38F|D V-type ATPase 73
TFAEL, %< O H*&{3s+ D resorption lacunea i<
He U OB BRI B 2 /NS EEREE AED LU Tw
27 EDBHISRTVWAY, =0 lacunea TDRUN B
MR, BRI Hb % lysosomal  enzyme ®
MMP-925EHAL & 1, B DRI & BHEE D2 s
o TBRINDSHEATHL EFZSNTWVWS,

LI AHT, FE S IIBEMAES SR trypsinogen
%> procathepsin B ZHH L T\»w5b Z & 2HEL TE
72430, lysosomal enzyme T#H % procathepsin B id
3 FTh7i <, cationic type ® trypsinogen 1i
acidic pH (pH 4.5~5) T#)ZE & < autoactivation &
NAZEPHMENTWSBY, Lichd-> T, WEMECE

2 BRI OB & FR, BRI v T o Ml
IZTFEFET 5 V-type ATPase 12 & - THEFEAAHEHE &
Nl HHic & 0, N BHEREMESH, ZHIC LD
trypsinogen 1% procathepsin B 23 {E L S L T
trypsin ® cathepsin B & %> THSHMfas~ Vv
7 A RET 3 &[RRI, MMPs 7% £ proenzyme
DEMAICBES L T RELHFCEZ 6N
%. #2°7T, V-type ATPase OBEFEIFEENA SN, L
b X —F v AR A BRBEEC CUFES 2R
D7z 2 MO REMIA (Capan-1E BxPC-3) & Hw
T V-type ATPaseD B R+ BE %
chemoinvasion assay & T §Ffi L 72, % O & &,
Capan-18 & f BxPC-30 W3 O M fakk & V-type
ATPase @ specific inhibitor T & % bafilomycin A,
ko TZOEBRIBEREHCAERCHIFIINS
L ENE s, DLEOREEIZ, FEMESE
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T 51z V-type ATPase B3& b CEE LR &ZE »
BLTWRIER2RTHDOTHY, ZOEENH OB
e LT, ffgst~o H e %Iz 5 trypsinogen
1% procathepsin Bz ¥ D~ U w 7 A EEEZ DTS
MEALINENC & 2R EEE TR s 5, BfE, $45
5 V-type ATPase O~ + V) v 7 A5 EREZE OIEME
BB XITTEEL A D20, {ERERROREE
BHOBEEEEZFA TSI 74 2HOTERHEL,
bafilomycin A, %512 & 2 BEREHEOZIL2HRE R T
H5. '

LB, SEIOEBRTE MEEMAREORE « BB
L trypsinogen & V-type ATPase OFEH O BEEM: %
L7, 25, B - BREOBCKLELEIhTY
2% by 7 ADRBEROEHEA G T2 2 Lick
IR - B OHIEEE & U T protease inhibitor ik
DOERMES in vivo DEERC, %72 proton pump in-
hibitor (PPI) EEOBERME% in vitro DEBRTRL
7z, S, IS OMFEEEL b &, WmiEEEY
BER 9 28 L ik (P PPIGFRER) OFH
HIZDONWT, E5RLMERITITETHS.
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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 correlatéd 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 th% therapy of pancreatic cancer invasion and metastasis.
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