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pancreatic duct carcinoma cell line, HPDc) % Ly, MMP-2, -9, TIMP-1, -2, f&&!
MMP (MT1-MMP) O mRNA £18% / —HF 2 8ifCT, MMP-2ERORE+* &EHE
EHEEEBICT, B, TOBREHEESF oI EITZ T+ —ICKUBIRLE %1
HPDt ZNLZXAZ—ERETICHEL, EEOHEXICLESEIMERO MMPs BHE
SFLHALETZ T4 —BIRCEUBHLE NLAXS—TEFER (normal pancreas,
NP) EEL T PC 5 L£U HPDt T3 MMP-2, -9, TIMP-2, MT1-MMP () mRNA @
BREBESFAHShi. HPDe TRWThFELREALREIAShE o7 5 MMP-2
REICL3REHGLERETE, BELEOBER, REBMSK, BEAE SHEEL
REFPERBT 2 MMP2EHRIBF ML &2 RS ASN L 510, HEHEER
MMP-20) I (FPC, HPDt TLER L Tk ¥, £/~ MMP-2;EM41LE L MTI-MMP O
mRNA #BHEHFEOHEERL -, MEFHO MMPs #HE (I EBEOMA LFHBEL T
BEDHERIUINLAZZ-—BEOREBLUVERIC MMP-20REEM(EFEETH S Z
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Expression of Matrix Metalloproteinases (MMPs) during Hamster Pancreatic
Duct Carcinogenesis and Detection of Serum MMPs in Tumor-bearing Hamsters

Katsumichi IKI

The expression of matrix metalloproteinases (MMPs), tissue inhibitors of metalloproteinases
(TIMPs), and the membrane type of metalloproteinase-1 (MT1-MMP) was investigated in
pancreatic ductal carcinomas (PC) induced by N-nitrosobis(2-oxopropyl)amine (BOP), trans-
plantable hamster pancreatic duct carcinoma (HPDt) and pancreatic duct carcinoma cell lines
(HPDc) in hamsters. Northern analysis revealed overexpression of MMP-2, MMP-9, TIMP-2 and
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MT1-MMP mRNAs in PC and HPDt.

apparent in early duct epithelial hyperplasias and staining increased from atypical hyperplasias to

Immunohistochemically, elevated MMP-2 levels were

carcinomas. Gelatin zymography demonstrated clear activation of MMP-2 in carcinomas, and
proMMP-2 activation correlated with the MT1-MMP mRNA level.

HPDt possessed serum MMP-2 levels five times higher than the control sera as determined by

Sera from hamsters with

gelatin zymographic analysis. These results suggest that overexpression of MMP-2, MMP-9,
TIMP-2, and MT1-MMP and activation of proMMP-2 is involved in the progression of pancreatic
duct carcinomas and that MMP-2 protein expression appears in the early phase of pancreatic duct
carcinogenesis in hamsters. Therefore, serum MMPs may be useful markers for monitoring patients

with pancreatic adenocarcinoma. (Accepted on Febrvary 23, 1999) Kawasaki Igakkaishi 25(1) 0 1 = 10,

1999)
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Fig. 1. Experimental protocol of the rapid production mod-
el for pancreatic duct adenocarcinomas in hamsters. i
170 mg/kg BOP,sc. & 20 mg/kg BOP, sc. I}
500 mg/kg DL-cthionine, ip. | @800 mg/kg L-
methioning, i.p. W ! sacrifice. CD diet . choline defi-
ciency diet.

HEEH#BME) % 2 BTV, EBRRAKBHEICE
BWErsy S — VKRBT TER, #HRLL. A
IRFJICRESZ W RE 2 R O JEE = /i H L, RNA
HiH, BEREHIEOLHIE0 5% EP
ISR ICEERA L, R 2 mEHaT
WRFEOIOICHERE R L) VITTEER,
N 74 AL, HUmEAERL. GEE
DERL-BLBEONLRA Y —EREEFRE L
THW .
2) HPDt & X UF cell lines

o] R R S AR e AR B L UF cell lines @
T PR E ST b, KERT
iZ, HPDt g [d %o R & — BB L
1458 B % BV 7z Z O BEHE AR AR A Tl
ERETH DL Z LA SN, doubling time {3
5 HTH o7z, FMEE D FBICHARER IS
R4 L 7. cell line d¥E 1%, 4 ¥ E (100 U/
ml penicillin, 100 ¢ g/ml streptomycin}, 2 mmol/I
L-glutamine % #jll . 7z Dulbecco’s Modified Eag-
le’s Medium (DMEM) (Z10%85)24-1f5% (FBS)
ZRASETHERLL.

3) /—Hr7ay RN

J = 7oy MEN DL reverse tran-
scription—-polymerase chain reaction i3 (RT-PCR %)
{2 X MMPs, TIMPs, @ cDNA 710 —~X#%f{E
WML, Y= ARUTOEENTHS.
MMP-2, 5'-TGATCTCCAGTGCCCTC-3’, B
& UF5'-TGGCGAACACAGCACTC-3', MMP-9,
5’ -AGCGAGACACTAAAGGCCAT-3"'B L TF
5'-TGCAGGACAAATAGGAGCGT-3", TIMP-1,
5'-CCAGAAATCATCGAGACCACCT-3"B &L TF
6'-GGCAGGCAAAGTGATCGCTCT-3", TIMP-2,

5'-TGACAAAGAGGACAGAAAGT-3'8B L TFp'-
TATTCCTTCTTTCCTCCAAC-3".

PCR IZ X » 348 L 7= H 19 @ DNA W F 1%
direct sequencing % 7%, DNA EIEEH % k2
#%, o=~k LTHW:,

% B MTI-MMP (B8 L T EIRARSE,
L6 T o0 —~XOfg 22 Lo
BELY, VF2L2054 FPLTHEIZLD
total RNA % #lifi L 722, 20 gg @ total RNA %
1%T7HO—R /w4 X VTERKBO
%, Hybond-N + 4 0 > X » 7 L ¥ (Amersham
Int. ple, Backinghamshire, England) (Z#zE, [&
E L7, o P-dCTP # 3 L /2 MMP-2, -9,
TIMP-1, -2, MT1-MMP % 4 @ cDNA 7 O —
NEHW, =N TN F4E¥E=Vvarw
1oz, WM 7Ny FEanlznrFOFYy b
A b —#Hl5E L, GAPDH |- THE#ELE, =
ExfTo7.
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iR gemit, FonHERE PE
WA~ CURMEEL-®, 774~
WHEER L, ik b MMP-2EJ 7 0+ — )L
#ifE (Fuji Chemical Industries, Ltd. Takaoka,
Japan) & — Ktk & LT, LSAB ¥ + (DACO
Japan, Kyoto, Japan) # W/ A L7 7K
VYEFF BT o RFEEHMEIZT
40015 THRBIL, MREEEIZHE S oM
feziEreMiat L, BESIEN LA 3RS
BT 4 ME20018 230 L TR &z EME
fHRESEE L LI T o 4RSI, T4b
B, 5% T OBMEFEE negative, 5 %H 530
2% O M=% slightly positive, 30% 74> 560% @
5 M 2 & positive, 60% Lk _E @ B2 % strong
positive & LTl L7=. FA-m LiiEE Hw
e XAy r7ay bR, kORI S
L OFMMP-20DH 1 X (62kDa) % HEREL 2.
10 mg 3 4% 2 A % % 1 buffer( 1 % Triton X-100,
50 mM Tris, 300 mM NaCl) ATHEEIF— b
L, @La8EDH%ED LE%10% SDS-PAGE
{=Tikdh L, polyvinylidine difluoride transfer
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membrane (Millipore Co., Bedford, MA) 2855
L7z, EEAFEESNZALTL IS5 %AF
YINT, iy AlgGHRETTe R Y
L7-f%, ER#He F MMP-2E / 70+ — )l
Uik % B 5 % 4, enhanced chemiluminescence
detection % (BCL kit, Amersham} (2T X
®7-.

5) EFFPFI I F P

MMPs OEEZEFELXNE T A7-012, ¥1E
TITA— &2, HEEERESEYFA
L7k, BARGLLEEL lmg/ml ¥ S
F v & EEH 84 7:10% SDS-PAGE |Z TES kK
B, 1 »%a~x—3I 3 ¥ buffer(50 mM Tris-
HCl, 200 mM NaCl, 10 mM CaCl,) PIC37C
16K A > F 2 X— k L7z, # Otk Coomassie
blue R-250 (SIGMA, Tokyo, Japan) (2T ¥,
L, Baeilgorsy b A M) —%lEL,
BEREEOREE L.

6) EBEIHWIZ B S IMIEFH MMPs {0

e

M iE s MMPs &4 & BRI OBM T wEH
F 57012, HPDUFIl Z B P ICBREL 72 A
A& — & B Wiz 30 mg/

(F25% 15 1999)

A7 (ZfF No. 2587-3319).
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Fig. 2. Representative results of Northern blot analysis for

mRNA expression of MMP-2, MMP-9, TIMP-1, TIMP

-2, and MT1-MMP in NP (lanes 1-4), PC (lanes

5-8), HPDc (lanes 9-11), HPDt (lanes 12-15). A

single mRNA transcript was evident for each enzyme in

all of the examined samples with the exception of three
transeripts noted for TIMP-2.
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Vs, s Bz L2
7) WEHLE il sl . o
mAarFRAMEr LT, X2 [ e s
7 A b, Mann-Whitney U 7 o8- Sa [ & '+.
Z b, Student’s t 7 A b % R & B B
Tof. P<O02HEESR Fig. 3. Results of densitometric analysis of mRNA levels of MMP-2, MMP-9,

h & Lae

B ORIRIZOVTIE, %
BEFRZSWERESHRR
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evident,

TIMP-1, TIMP-2, and MT1-MMP in NP, PC, HPDc and HPDt standardized
to GAPDH mRNA levels (arbitary units}. Bars, means ; *,
difference ; NS, not significant. The mRNA levels of MMP-2, MMP-9, TIMP
-2, and MT1-MMP all significantly increased in both PC and HPDt as
compared with NP. In contrast, no alterations in TIMP-1 mRNA levels were

with significant
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Fig. 4. Immunohistochemical findings of MMP-2 protein in hamster pancreatic lesions. A, normal pancreatic duct ; B.

hyperplasia ; C, atypical hyperplasia.
progression to malignancy.

Table 1. Immunohistochemical findings of MMP-2 protein
expression in hamster pancreatic ductal lesions.

Wikt st posittvely o nepasively
S e B e
N (n=36) 360100 aqm LR{U} 04
H (n=53) Tins 5y 1 (29.6) il i
AN =24 0 G250 16 (6673 2(8.5)
PC in=11} o 119.0) 6§45 4064}

N, non-treated sample | H, hyperplasia | AH, atypical
hyperplasia ; PC, Pancreatic ductal adenocarcinoma
%, Values in parentheses show the incidence (%)
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Figure 3 12/;5F. PCIZHB T 5 MMP-2, £ X
OMMP-9D Y 7+ » 774 —I3Fh
1,02 £0.46, 0.87 £0.32T, NP (0.32 =
0.04, 0.43%0.21) IZHLTHELEHEML T

Gradual increase in the incidence and extent of staining was observed with

7z (P <0.001, P <0.01). ¥/, PClZBIT
A TIMP-2, MTI-MMP @ > 7+ VA4 »7 2
T4 —=FEFENRENL0220.03, 0.76=0.09T
NP (0.16=0.04, 0.20+0.02) (ZH L AL
MmERLE (P<0.01, P<0.001). TIMP-1i2
B4 L Tix PC, HPDc, HPDt, NP OB THEE
(B ok rg Lot il
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I i Afr

NP TiZ, acinar cell £ islet cell % negative-
slightly positive {28 2 L D b A S48, IE
H S E 134T negative Tdr 1), 0 RAJE
AHETIS L 7oA vas K B E IR B - 72 Fig.
4A. B, C). HEFIHEIZB1T 5 MMP-27H
FRR A% Table 1 12735, IEHFBEE L&
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(negative : 100%), & LR BR A (slightly
positive-positive : 31.5%) O#EMEIXES 72
A5, BELBFHE (positive-strong positive © 75%)

WEE T (positive-strong positive © 90.9%)
ERENFER LTV I oh, REtolEiEs
A btz Fi, MMP-28 B3 BRI 41 o
FRERNOLL 6T, HEAMREEO TS X
U, JEAREEE (cancernest) PIIZ351T 5 RIEML
FIChZOREERD. LBOBARNFNL R
FATEERMCEIE L TWS 2 & BIRT 0L,

IR Y70y bETY, JOHENSTE
62kDaD&EBH & KIL§ A2 & k), MMP-2%
HEAICEMR LTV AEHEEMIEL.
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Figure 5 |2/ THEIZ, MfTL7-NP 2 & 44
THOH 7NV TMMP-2ORTER A TH L EER
MMP-2 (proMMP-2) @ fE4E % 7~ 9762 kDa @
Ny FF@EH LR F LD KELI2KDa
@ #fE B MMP-9 (proMMP-9) & 78 > F i
HPDt IZBWTHBEICED b/, 166d 126
(75%) @ PC, 10%I+10% (100%) @ HPDt (2
BOWTHEANTHEREE2RT L SNA8KkDa®
MR MMP-20 /% » FAMEH S 7z NP2
BUTIRIO8kDa®m iy Fltiz: A Kl
Xhhphod. i, proMMP-9%RT L Eh
592 kDa @23 FH16H 26 (12.5%) @
PC, 10814710 (100%) @ HPDLIZ& H iz

AEMET MMP-9 (78kDa) Il 2t d o
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Fig. 5. Representative SDS-PAGE zymography findings for the gelatinase activity of MMP-2 in PC, HPDt, and NP. The
bands of 92, 62 and 58 kDa were attributed to proMMP-9, proMMP-2 and the active form of MMP-2, respectively. The
active form of MMP-9 was not detected in any of the samples.
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Fig. 6. A : Activation ratios of proMMP-2 (the ratio of

significantly higher than in NP.

MTI-MMP mRNA level (relative 1o GAPDH)

L2r

®

°
1.or

r=0.7682, P<0.001
081
0.6
0.4 o NP
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0.2 ~ HPDt
0 ! * ; ; !
0 0.2 0.4 0.6 0.8

Activation ratio of proMMP-2

the 58 kDa active form to proMMP-2 and active forms) in the
tissue homogenates from PC, HPDt and NP. Bars, means. ', P <(.05. The ratios in PC and HPDt were

B : Correlations of proMMP-2 activation ratio with MT1-MMP mRNA exression in pancreatic lesions. proMMP-2
activation correlated linearly with the MT1-MMP mRNA level.
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fo. TV RAMI)—WEIZ LS MMP-203
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(68kDa) + G #EA MMP-2) #4 5 & (Fig. 6A)
PC (0.46=0.15) 1Z NP (0.18 +0.04) <
AHEIIHE L P<0.001), HPDt (0.60=0.03) i
PC LY ERIHMETH -7z (P<0.05). T/,
MMP-2D 1L & MT1-MMP @4 [l % & 5
72z, J—¥r7oy bTERLCRE -
7% v (NP, n=8; PC, n=7; HPDt, n
=4), MT1-MMP @ mRNA L XL 2T 5
MMP-2 &M {bkExr ¥ 7 Liz7oy b 35
EIEDOHMBEA AN (r=0.7692, P <0.001)
(Fig. 6B).
4) I MMPs 151 & il a5

ML i H MMPs 1§ 4 & [E55 3858 O HHEE % A7z,
BT #METIE, 32292 kDa (proMMP-9),
62kDa (proMMP-2) /3 FHF8H Hh7z73,
AR AL T iZoh, 92kDa (proMMP
-9), 78 kDa (ig{:% MMP-9), 62 kDa (proM

A kDa

Normal
—

(r=0.8710)

7 days

MP-2), 58kDa (i&14 % MMP-2) &/ Fd
intensity 23 ML Tv7z. 21H BTl ¥ bo—
MICHLTHSBOF Y M A M) —tmERT
L 7= (Fig. 7TA). 3% 8 B o B i 62 kDa
(proMMP-2), 3 X 1858 kDa ({14 % MMP-2)
@3 K@ intensity {Z, [EOFEB (P=0.01) %
L7z (Fig. 7B).
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FHEETIE, RNA LX)V Tld, PC, HPDt & &
\Z MMP-20 S 56 B R AR b d%, ER LN
TOFOFEMRILEE AL E HPDUATPC I L
TLOEEREELAAOKL, ML, KE
DLEPTH LD EEESSOEE?Y TIT, &
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62 and 58kDa collagenase(MMP-2) levels
relative o normal control
W
=

0 100

200 300
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Fig. 7. Detection of MMPs in the serum of tumor-bearing hamsters.
A [ Representative SDS-PAGE zymography findings for gelatinase activity of serum MMPs in hamsters with HPDt. A
gradual increase in the density of the bands was observed with progression of HPDL.

B : Correlations of 62 and 58 kDa collagenase (MMP-2) levels with the tumor weight of HPDt.

correlated linearly with the tumor weight levels.

MMP-2 levels
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B MMP-2E IO RN L ) BHEETH 557
ahiz. &5, REMHREFEREORR LD,
MMP-25 T8 385 B2 D W HAEERE, - % b, B/
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Friz@ilcswTidd LA MMP-20 5 L,
MMP-9D B S ix v EDRBIN 5.
Koshiba T 5 O3EZ 2B WThH, BRER
DHOREHRTIED 545, AEERLFAFEOR
ARENRT WA, L Lids, BRETT
NEHWTEEBEICMMPs ORBREBELT
WAREIFHRICATLERIZELL, 2o
HIEBWIREREIHEELZERESH L L Ebh
5. F 7=, HPDc T MMPs @B ATED LN
wolk, MEMAROFEEIZL H MMPs D383
PR SN TS REIEZ bR L. -,
RIEHELE B ORR, MMP-20 BIEAHE
MDA LTHEMRBICOROLN TS
&P MMPs O IR I & BB o ME
TERPEECHL EZZ HNRDY I,

MMP OHEWE & LTl 5 b TIMPs i,
MMPs & O ABRICE Y, BFFTO MMP %
HrHglLTwseELONTEY, HEillla,
HLHwiE, BEARMRIIB TEImEDNT ¥
ADAEED, BOEREDHRLTCVEET
bhTw s, 52 TIMP-2it MT1-MMP,
proMMP-2%& D&KL L 5 MMP-20 1
AL ICES L TUAEFHO P IC > TE
TH DWW KREEZBIT S TIMP-2 mRNA
OBEFEBUL, B, MMPs (235 A 35500 %
BN O &% 53, MMP-20{&HE1Li- &
bo TWAIREEIRE SN, BIZ, MMP
2D iEHE LS & MT1-MMP @ mRNA L ~X)LT
DEAFPEOHMERTHIZLD, TIMP-2&

(ffiz2p% SE1 %5 1999)

Rk, MT1-MMP 33 A MMP-23 (k12
TERHLTwAZ LARIESNS,

FEH oIz ey, i D MMPs L~
DERIREINLN, TOMMPs [ZIFEFICE
OB THLE TRIEZBTHEOMEF LD
Miah, S5ICEBES L MMPs LXLAS
HBEERERT I EH S MMPs B3O~ —
A=t LTEHTH AWML RE I,

WA, EORE - - ERICIRE DER
TREVZEBNCERTIIEFH LIS
n, BRICBVWTHEZ OBETRENRES
NTWBEY, BEEEOSTFHEBIC2VLTOR
BiZEZHETIlidE3nhTuwin, NARAY—
OREEIIREASSENICe PSR EEDL
THEY, & b TIRERELEERO AT
HLEBICEEREELRELIAILIZLD
v NEEROMBRICEELRERRThHL LN
TWwad, THETIINAAY —BEERERRIC
BT, K-ras @ point mutation %% 5% 5 1 »»
H& S5, p530 mutation [E X 1 late stage |24
LAENFHL PR > TWAY W, F-5i0
HEHIT Lo TWATORAT—VERO LD
INHLAY—OBEESEFEOARL &, cellline
(HPDc) %, = hOH# I VHFROAEHETHH
BENTWVE 0 REBRZBITSH MMPs O
RERBABENHIAOBETREICL S D,
HHV I MMPs FREET (Y1 A4 )
OBBRE OIS EOEREREEF/
oW, BOoEE, ERVFERTTHLE
ZzhiE, MMPs O ZBIRER b BRHEAREICE
TA—2oO{ERARETF &R 3N, FOEBILE
oA B MAECEELRREFRLTE
DEEZLND, 35 IIKRERE I MMPs
O W BB~ O H O R, MMPs %2
ME Ll iEEnTheEELEoREON
A RTLOTHS,

FERZBIIHLY, RBEEOREERBVELL
wABRVERAFEEMMES S HEE B,
BORESAERI S O TN, NIERENES GHLE
BEME RBRIHERETLS.
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