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23 8%, 32 29E A2 A8 i =94
e A o] H& nHYEFNA o] H&n
Holo] digt A7t gdd] FP=x QUrt

neele] HEF Hols MR Hike AAstn
= MESY 7lA(extracellular matrix) 2 & ¢A
¥go] Eolx vet WuME 7]14%H(subendothelial
basement membrane)-& FHad, FH AA =34
W2 HARs R/ £ o magey ol
ojZc} o HAL ofd MIEEo] G BHXLE 4
et AR 7|A ) AR FAST s d@ud

H 4019959 129 23

% 7019963 29 27¢
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g9 A¥L vlgHes Hujste] ol AP,
4ol A&EH Hold #BojIte Y BRI HiARE
urokinase-type plasminogen ¥4 #(urokinase-type
plasminogen activator:uPA), plasminogen &4
o} A A (plasminogen activator inhibitors: PAls), &
type IV collagenase o] &2ia Qo* ™V,

uPAE ¥2}gF 52 kD4l serine protease?] ¥dF
28 FWdEY n¥YAM wde] Frt Ho, 71A
% 23 A T 94EE e dEixa ¢
9 wPAE GAIEAAM HEAS HEl pro-
uPAZ ®ugle] plasmingol 28] &3 o) &
Ag8 uPA+E plasminogen®] plasmin A8S &3
A7, Z7t9 plasmin® MES 7|1d& FAsn
%1¥& fibrin, fibronectin, proteoglycan, lamininé &
o383, type IV collagenase® 843 A1z 1©
17-20)

Plasmin system$] ZHol uPA MXY 484
(membrane uPA receptor: uPA~R)$} plasmino-
gen activator inhibitor type-1(PAI-1)°o] #ojgic}
2 23E3 A wPA-RE EAF o 55-60
kD A=2X F%9 Aol dojus F9d 323
22 uPAE #434713, uPA-PAI E3AE u)E
Azt AA FU%e) LS e R EyHT
9]y

PAI-1% serine protease inhibitorio] <39
uPA? 2H4-& Bol3lA Aste AR deAn
Aok HT Ko, Mgl ZA W) uPA ol
2t PAI-10] &2 FE2 Wdge] Husn oy
PAI-19} Z8-2 oldx w&skA] @t Type IV
collagenases> matrix~metalloproteinase(MMP)Z
o} stz B wel 92kD(MMP-9)9F 72kD
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(MMP-2)2 A9 type IV collagend wajsix,
type V, VII, X, fibronectin, elastin¥ % 33 5}oj
el Hgol B sh=Ree Rasm g

olg|g o] Aol BAsh= A uPA, PAL
type IV collagenase 5& ol&3to) fbed et
SolMe dEls 2 Mo mdo] HYsAdm ¢AE
B A Ao AdgdAlel gigk A7) o) Fo)
AV wg kel Mg Holg WAy st
uPA, PAIL type IV collagenase52 Alstals o
F5o) FEstA NHgn Ak, 2 fdelME
daE #E qa49 uPA, PAL type IV colla
genase$ ol g A A FH YA g},
A E3 dole] yadl 7|NE Hidgs e =g
o] gyge] o HT Ut} E=E UM Al B
fhe] gad B84l gysol X g AAe
AL} A AdA S APA dojml F L A
AxAg o839 uPA, PAI-1 ¥ type IV col-
lagenase®] W3} YHTE FAHEA 9199 J&H
Holo vlXz g olnm, oln| ¢ 9jgte]
o F AAte}t wlindte] i) & Hold BH &
9E Y3t son vopriAe A 9 A4E
QgL EFUT AFAAEZMY A4 H 184S A
T3t

et o e
1. CHYEEX}

1990 1¥HE 19943 59712 dA o859 ¢
A HiE] WYUslel ZHRHoE sdoz A
o GEAEE NAwn £5 9N Y R Y =
g des AW BB UL ST U @
e 2d ol 2HBE so|, AL 7 Sz &
¥ AE 7zl WL AR 160609t 3
BAF AW WAE FEF 0 3-449 Aoz
sqch ALe 91294, CT, MRISS PAMISH
A B ZARHANE o8 B Uk B
AL 17] olate] Adge A AA A Y4
A7 Aol 3 Bz srawe Y B 2
€9 Hrls UICC-AJCC TNM ®JE r|gez
S

2. X359 MEJ(Cytosol) D} A Hab

FU9 H&ol gl AN 24 FY =YL FE
FA FEHeg FAste -195T YA AL B2
Basth Axd 328 S8 AY 2 2Y =3
250mgg AR 244 B Agud #3233
&34 (10 mM Tris-HCl buffer pH 74 1.5 mM
EDTA, 05 mM dithiothreitol) 4ml€& H7}3ted 10
WE MMz #d37)(KA, Germany)E ol &
3tef 52 e 23 TES FF 4TAAN 1 A
F 100,000 GE 94 &2 gt xR Az
e Aol &gl AAF PP A
Bovine serum albumin(fraction V)& E& gz
23te] Lowry¥ o2 AT, 2 Agadl 100
ulel FAAel 100 uel 2N NaOHE Hrlste) Eitat
F 100CoA 10 £37 F3ANF oM 48, 1
mi  complex-forming &d[2%(w/v) NaxCOs,
12%(w/v) CuS0,-5H:0, 2%(w/v) Sodium po-
tassium tartrate 2N NaOH)]2 7185 A2
1087 WA s c) 100 ul Folin §48 Hristn =
£t A&olA 30-60 3 WA$E, BFEEA
(Shimadzu, Japan) 750 nmoA F3=& =3 3
F BE Fd3 viasld Hgsigich

3. uPA ¥ PAI-12| /3

F4 4 AN =3 HEF uPA 2 PAI-19 24
€ ELISA(enzyme linked immunoadsorbent assay)
e ol&3ch. 4t BAE= Abge] uPA, PAI-1
ol dE mouse FEEFMNE AR o, oz}
A biotynylate ¥ Al#e] uPA, PAI-1 #4d)
e mouse TGEBFAE A HMonozyme,
wrAvkg-2  HRP(horseradish-peroxi-
dase) conjugated streptaviding, 7]2& OPD
(ortho-phenyldiamine)& ©]%3tth uPA ¥ PAI-
19 #F ANEF AZYH human uPA ¥ PAI-1&
ol &3ttt AxLAHE 108 HAFFE 100 uH-L 9%
well ELISA plate?] 2} wello]l 25383 4T} wA)
Bt PBS(Phosphate buffered saline)2 3
3] A3%F 200 ue] blocking bovine serum
albumin £94& 20CA 3022 ¥H&AAD 100 ul
ol AEZE 7 welldl £F38t3 o213 HE 100 3

Denmark).
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A3led 100 uld B8k 20TelA 1 Az wgARl
% HRP-conjugate 8422 20TCA thA]l 1 Azt
B A AT) 71AE4E 7 welldl ®F3tn WE A
oak Aol Al 3087 ¥HS-AIZiTE 1M HaS04 100 ul
E 7 welldl ¥F8o 3-8 HA AT multiplate
reader(Bio-Rad, USA)E o438} 492 nmolA &
FEE &As9ch uPA 3% PAI-19 &3 ©9E
ng/mg cytosol protein °|®, z} &A3]e] Al N
A 10% mite| ity

F zAe) uPA ¥ PAI-19] H#x] + 2¢] BE
Bzl o] ALE Fdeow + 2vf ¥F Wil v
ZALE SHoE BAIY

re

4. Type IV Collagenase BMT B4

Type IV collagenase BAEE £A387] 93t
i 71de] EEE gel
(Novex 10% tris-glycine gel, 0.1% gelatin)& ©}
£3lo zymogram& A&t 2z welldl 38 R
% =3 AEA 20 WE FYLF 20 mAZ A7|9Y
& A3t HAZGEF gel € 25%(v/v) Tri-
ton X-100 -82fe] ¥#% renaturing buffer2 20
Tl A 3083 9+-g-A1ZATE Geld developing buffer
[0.05M Tris-HCI, pH 7.6, 02M NaCl, 5mM
CaCl2, 0.2%(v/v Brij 3512 587t AHF o}
A48 37T developing bufferslA} 15A17F ¥Hg-A
Aok g% GMA[05%(w/v) Coomassie Blue
(G250, 30%(v) ethanol, 10%(v/v) aceticacid]ell A
3AIZHESH gele GAAR o AR Gel B4
7)(Biomad, USA)& o|43t% band ®|3 % band
UEE &4sle YATE 248A9. RPMI-7951
rMEME MEF jgeld F2F A WAE
MMP-29] EXz}2 AME3Eten, HT-1080 A2
o] =7y wixly MMP-9¢ EAz2 AMBEHch
Type IV collagenase®] ## ¥l Z(expression rate)
£ band7} B39 292 AR, YAYEE band &
Hoz BAsigch TS #4318 band B/
g3 + 84354 band HHLE A9 L,
MMP-9 ¥ MMP-29 843} dA4¢e 437t
0.5 o4 HLE A FHn.

type IV collagenasesi

5. Type-IV Collagenase(MMP-2)2] HYZEX
Ba oA

Fof Wl ZM¥e] type IV collagenase(MMP-
2) 4 ARE BHAS] A5t 504 @AM A
¥ ¥ 28& o83y AhzAse JAe A3t
gtk MMP-2 &3z Abghe] gdel oj#t mouse &
2& ¥A(Sigma, USA)E AHE3Irh. 94 AR
o] ZAEh= HEo] FEME AA}] SlEd
blocking® 100 W& sehd ¥ujzze] nd &
olso] MAEZ F, 37T 7h F&7loM 2083 wig
atglrh 1:20002 34§ dxjaA) 50 wE FHn
37T 7H #e710lA 30837 thAl Wi%FE PBSE Al
sk ohAl 1:500 23k A 100 wl E HHE F
37T 7Hr FevlelA 30837 wigstn PBSE AF
8t t}. Avidin-Biotin Peroxidase Complex(Sigma,
USA) &4& HAd F HedM 3087w,
PBSZ A3 F, Diaminobenzidine(Sigma, USA)
folog waAlZl ¥ methyl-green(Sigma, USA)
g ol ¢ o uzdAE AlEgch A HeEy
ALE EZEE 2919 wEA JAAERE A G
Aefell sl BEsIgon, AEFe] BMog FMEHE
ALE FHo g BAsG

6. BAISHN X2

A $9¢ 2Ze yPA ¥ PAI-1 ¥dg H®
+ paired t-test& o}& two-sided p value < 0.05
& #98A #Astdch uPA, PAI-1 % type IV
collagenase?} 71&2] dlF Qg 4E d84
& yi-test 2 #ABgT

By YE e FEUE RE Agoe] Eel HA
U A3 F3 #RAARAE syt FH ALV
A%E wxE 2z Azxd fejk AL Kaplan-
Meierta o2 vlmsigon 42 7|7te] frolx o]
ME Log-rank HAYE ol &k F4 ALV
o 2j2ldA 9L vlA= UAEE Cox propor-
tional hazard model®l] % ttF WF E4E Ay
o] fole 9 vlE YEEE $4E
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Table 1. Characteristics of Patients(n=160)

Age Tumor stage
Median(Range) 55(27.86) T1 7

M:F 24:1 T2 46

Location T3 87
Cardia 13 T4 20
Fundus 4 Nodal status
Body 42 NO 44
Antrum 69 N1 60
Pyrorus 32 N2 56

Differentiation Metastasis
Well 17 MO 133
Moderate 51 M1 27
Poor 92 Stage

Size(cm) 1 28
<5 70 o 36
5-10 77 MA 36
>10 13 B 33

1\ 27

Table 2. Levels of uPA and PAI-1 in Cytosolic
Extracts of Paired Normal and Can-
cerous Tissue(N=160)

uPA' PAI-1’
Normal tissue 53%3.1° 58+29
Cancer tissue 9.4+8.7 109+9.12
P-value p<0.001 p<0.001
1:Levels of uPA and PAI-1; ng/mg cytosol

protein
2 :Mean valuetS.D.
| o}

1. i #xpmel |3

Y 82 & 16092 EAF 1134, <z} 4749
on, F4 AHE 55489 27-86ANATE TH74
T1 74i(4.4%), T2 464(28.8%), T3 874(54.3%),
T4 2061(125%) o, Astd ezt 9d o7t
444)(27.5%), N1 499 Axbd o7t 604(37.5%),
N2 99 o538 Holrt 5694(35.5%) St EFE7
Hol & N3 949 d=td Holof 23 M1 &7} 27
4(16.9%) At} #H7] I 28¢(17.5%), 11 364H22.5%),
Il 699(43.1%), IV 27°1(16.9%) AUt} AT F8%
Al BRES FY FA7E 2409 oo F

9] TNM #7], 9121, AE £35S Table 13 2
k.

2. uPA % PAI-19| W@ OB J|&EQ of%
SIXtERS HEy

FdzA9 uPA ¥ PAI-1 HFA:EFHA=
227y 9.4+87, 10919.1 ng/mg protein cytosol$d
ony AHAZAL 53+3.1, 58*29 ng/mg protein
cytosol 2, FUz2 A Al uis) 29 YA EA
44 HAHTable 2, p<0.001). FIFo] A3 w&
uPA 2 PAI-1¢] ¥3l= T1 oY T2 76%49, 80
+4.0 T3 o} T4 102%8.8, 11.1£9.02 T ¥7|7}
APHS¢E uPA, PAI-19) BHE Z7l8le A%e
Boy EAHez fodAe  ¥UtHp=0.094,
p=NS).

dutd #Hejzt AYHS4E wPAE BA LHHE
ALE 2oy FAHes Hodtr] 4o uwd,
PAI-1& NO, N1 % N2 <igbd Aold gixle] 3%
FAe| A Ztzh 84+8.1, 9.1+85 150+13.882 ¢
A ezt AYPHFE A LIHUKP=0.003). ¥
Z ezt Ae BAEY FY¥ ZA-dAM uPA ¥
PAI-1 9] Z#o] dZel7 fle #xbEd H|gld
A oY BAdes feoldA= gt o
7le] w& uPA, PAI-19] #de 4> I olu} II 9.2
+4.8, 86x76 III ot} IV 95+6.6, 124%11.98
uPAS] S ztel7l AR PAI-19 wEL ¥7)
M ol IVAlA T o II o uisted Edoh
(p=0.041).

FHAEe £3E] W& uPA, PAI-19 2He
2¥3 9 S5 B39 72438, 72165 Ay
112+85, 133%1248 ¥37} Y8FE uPA ¥
PAI-1¢] @@e] =tk @Zp=0.041, p=0.004)
(Table 3, Fig. 1). &% =49 yPA ¥ PAI-19
FHe M2 APHAE RYHr=057), (Fig. 2)

3. Type IV Collagenase®| W8 9% ®MT

Hla

Zymography & °©]&3l9 type IV collagenase
(MMP-9, MMP-2)9] 2d 9 ZAZE BY 2
o] A4 A3 ZF A AXFL olE3d BY
& Az MMP-9¢] nl@4d8(92kD)e] Bd H%
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Table 3. Comparisonm of uPA and PAI-1 in Cytosolic Extracts and Other Variables in Gastric

Cancer Patients

Variables uPA level! p-value PAI-1 Level' p-value
Differentiation
Well-Mod 72+ 38 72+ 65
Poor 11.2x 85 0.041 13.3%124 0.004
Tumor stage
T1-T2 76% 49 80% 4.0
T3-T4 10.2* 88 0.094 11.1£ 90 NS
Nodal status
NO 76+ 43 84* 81
N1 77t 58 g1+ 85
N2 93+ 89 NS 150%13.8 0.003
Metastasis
MO 92+992 109£108
M1 105% 6.7 NS 113+ 85 NS
Stage
1-00 92+ 48 86% 76
mv 95k 66 NS 124+119 0.041
1:Levels of uPA and PAI-1; Mean valuetSD(ng/mg cytosol protein)
7 wuPA = PAL1 %
1 . =057
12 = 50-
10 g .
8 5 404 . . .
o g
4 1 30
0 - ]
NLT1 T2 T3 T4 NO N1 N2 0 M1 & 201
Fig. 1. uPA and PAI-1 expression according to &L
tumor progression. 10
(expression rate) A F Yz Alold] Alelr}t 0 . : : '
0 10 20 30 40 50

AAHFig. 3, 4). 28t MMP-9¢ @438
(82kD)z} MMP-2¢] W @A43H72kD) ¥ #4331y
(62kD)e] wd Wz T =AM EUdtHTable
4). Type IV collagenase® B4 X(activity) H|EA]
MMP-9¢] v gAdstae] BTy A4 F9x23
A abele gisich ey MMP-9¢] g443d
MMP-2¢8] 4z 9 2AdA  F7ME949
(Table 5). &4&|(£438% band H3/w84 23
+ 84818 band AH)E & A MMP-9 3}

uPA level(ng/mg cytosol protein)

Fig. 2. uPA and PAI-1 levels in cytosolic extracts
from 160 primary gastric carcinoma.

MMP-29] @418} ul= %23 A 2z 032=*
0.25, 0.27+0.34 & AAz29] 0191027 ¢ 0.06%
0.169 ¥)3t] =Yt Table 6, p<0.001).
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Normat 92kD

72kD

82kD

C
ancer 89KD

92kD 72kD

62kD

Fig. 3. Gelatin zymography with computer analyx-
zed densitometer. The result of represen-
tative normal and cancerous tissue extracts
are shown note that the two more bands
corresponding to active MMP-9 and MMP-
2 are seen in the tumor sample(bot-tom),
but only proMMP-9 and MMP-2 in the
normal tissue(Top).

4. Type IV Collagenase® #4432 iR
J1E&ES] ol%E IXHERIQ AEtM

MMP-9 2 MMP-2¢] #A3lu|e} 7129 te
A F ARAETY ABEE AN dobd Aold we
MMP-9¢} #4313 NO, N1 2 N2 954 Aoz
Fate] FgzA oA 22 028, 030 B 036 o2
Z7to] MMP-99| 43h|s ¢4t Holrt 3y
HEE 231(p=0.011), MMP-2& <@ HolAl
Hol7b gz Aol wlsle] FA4gsnirt Folels A
olfitt. HAAe7t U BAEY FYF zAY
MMP-2 €43Hl= 0342 97 Aot gl 29
z2] 0.2601 ¥gted ¥Rk Hp=0.041), MMP-99]
gdshle fddoldl WhE Aol YUTHFig. 5).
W7ol mg& MMP-9, MMP-22] #A43huE Wy |
olut 11 0.28+0.23, 026+0.24 Il °lx} IV 0.33+
0.27, 0.27+£0.26 28 MMP-99 #43l= W7 1II
ol IV oA 1 oy} I ql g wigte] Zrlal=
A%E 2o Kp=0.085), MMP-2¢] #X&= xlo
7t g1 (Table 7).

5. HYZE A M0 B Type-IV Colla-
genase(MMP-2) W8§

Type IV collagenase(MMP-2)2) ?‘;?-1357—‘13}5}
HA4A7 50oF FHEE HAFE 384(76%)
AN #asidck MMP-2¢] ¥de F °Ml£°ﬂf\1 s

92kD
72kD

Fig. 4. Gelatin 2ymography of various gastric tumors. Tweenty ul of normal and
gastric tumor extracts with gelatinase marker samples were run on 10%
SDS-PAGE containing gelatin. Lane N(1 and 2):normal tissue, Lane
C(3-6): tumor tissue, Lane M(7) : marker
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Table 4. Number of Patients with Type IV Collagenases Expression Positive in Cytosolic Extracts of
Paired Normal and Cancerous Tissue

MMP-9 MMP-2
N(160)
92kD (Inactive)  82kD (Active) 72kD (Inactive)  62kD (Active)
Normal tissue 120(75%) 40(25%) 57(36%) 7( 4%)
Cancer tissue 142(89%) 89(5626) 94(59%) 57(36%)
p-value 0.09 0.01 0.03 0.01
Table 5. Activity of Type IV Collagenases Measured by gel Band Area(mm?2)
MMP-9 MMP-2
92kD (Inactive)  82kD (Active) 72kD (Inactive)  62kD (Active)
Normal tissue 0.92t£0.55 0.34£0.55 0.48+£0.57 0.10£0.29
Cancer tissue 1.13£0.53 0.89:£0.90 0.551+0.46 0.43+0.56
p-value 0.03 0.001 0.013 0.001

ble 6. Activati ti f T NV Coll -
Table 6. Activation Ratio of Type IV Collage 6. 9igtel YOI MA uPA, PAI-1 & Yype

IV collagenase®| W8

MMP-¢' MMP-2*

Normal tissue 0.19+0.27 0.06+0.16 uPA, PAI-1 % type IV collagenase$] 283
Cancer tissue 0321025 0.27+0.34 24z Ade Ay wet vttt MMP-9¢]
P-value 0.001 0.001 g4z T2 #2719 713 $7ME0.e0, MMP-2¢]
! MMP-9 activation ratio : 82kD/(92kD+82kD) WSk T ¥ AR et Sobste ARl
2. MMP-2 activation ratio : 62kD/(72kD+62kD) th uPA % PAI-12 T3 37 74 &4 485
k. 3t Holrl YAA EATAM FUY =AY

PAI-1¢] 28 9 MMP-9¢ #4371 71 "3,

~MMP-9 activation s MMP-2 activation FAHHZL Ade ¥ MMP-2 #4371 F7HE%i

04 (Fig. 7).

7. uPA, PAI-1, ¥ Type IV Collagenase®}
DEH N By oRo DiXe Y

71E Q¥ AAEN A G BF B4 L A F
Bt AFo A AL ZAMEZ] $Ele 2d R
BAEES WA uPA ¥ PAI-1 4479 29 7
W AERo] 27t 35% ¥ 4%E AT 65%. Y
69%°l wish I}z p=0.005, p=0.004, Fig. 8,
Fig. 5. MMP-9 and MMP-2 z_:lctivation ratio accor- 9).

ding to tumor progression.
MMP-9 % MMP-2¢] #43 4L 724
3 A Bee Ron, HRoME, WIAHESIAA (45%) 2 544)(34%) ¥ MMP-9 3 MMP-2
5 ostA G ASUTHFig. 6). B0t @48 g9 el 474(29%) %t MMP-9
#8435 G4 AR 23 T4 AEE0] 61%2A

(=
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Table 7. Association between Activation of MMP-9 and MMP-2 in Cytosolic Extracts and other
Variables in Gastric Cancer Patients

Variables MMP-9 p-value MMP-2 p-value
Tumor stage

T1-T2 0.24%0.22 0.25+0.20

T3-T4 0.31+0.27 NS 0.28+0.26 NS
Nodal status

NO 0.28+0.23 0.24+0.20

N1 0.30+0.25 0.30+0.27

N2 0.36+0.27 0.011 0.28+0.25 NS
Metastasis

MO 032+0.25 0.26 £0.25

Ml 0.32£0.25 NS 0.34+0.29 0.041
Stage

1-0 0.28+0.23 0.26+£0.24

m-v 0.33+0.27 0.085 0.27+0.26 * NS

Table 8. Multivariate Analysis : Relapse-free Survival in Gastric Cancer Patients

Variables Univariate p-value Multivariate Relative Risk Ratio
uPA 0.0051 0.00030 36
stage 0.0001 0.0068 2.2
PAI-1 0.0047 0.0207 15
MMP! 0.0002 0.7640 -

!: both MMP-9 and MMP-2 activation positive versus negative

el B & M : -
Fig. 6. Immunohistochemical stainning of type IV collagenase tumor cells show positive
reactivity(brown color cytoplasm) with type IV collagenase(MMP-2) immuno-

histochemical staining(A), but some tumor cells does not reveal any positive
reactivity(B).
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Serine protease uPA=PAI-1

Matrix metalloproteinase MMP production 1

(type IV collagenase)

uPA>PAI-1 uPA T
PAIT
MMP production T

MMP activation

MMP activation 1

[ Normal 7 In situ I - I Early cancer

| —

| Advanced cancer ] - [ Metastasis]

Fig. 7. Sequential change of expression and activation of the proteolytic enzymes according to gastric

cancer progression.

— uPA negative (n=116)
100 == uPA positive (n=44)

Survival Probability (%)
3

40
20 p=0.0051
0
/] 12 24

Months

Fig. 8. Relapse free survival of the gastric cancer
patients according to uPA positivity.

— PAI-1 negative (n=108)

100 == PAI-1 positive (n=52)

8 3

p=0.0047

Survival Probability (%)
2

)] p7]
Months

Fig. 9. Relapse free survival of the gastric cancer
patients according to PAI-1 positivity.

249 A4 64%°) uiste] AE&Y Aolg Ho
A gstedi(Fig. 10), MMP-21 44¢ A=
51%2 §4A7%3% 69%°l Hlgle FHEAEL] W

— MMP-9 activation negative (n=88)
»m MMP-9 activation positive (n=72)

100 «
L3
-3 w T
2 60+
8
]
153
-~ 40 o
T
2
2 20 4 p>0.05
=
72}
0 Y ¥
0 12 4

Months

Fig. 10. Relapse-free survival of the gastric cancer
patients according to MMP-9 activation.

— MMP-2 activation negative (n=106)
w MMP-2 activation positive (n=54)
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Fig. 12. Relapse-free survival of the gastric cancer
patients according to MMPs activation.
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@ Wg B 2d FHAERY BEFE %
Atz BAlE uPA 2¥d, PAI-1 1%¥, type IV
collagenase(MMP-97 MMP-2) #8413 ¢4 ¢
w7l AAER uF ¥y 48 Addth uPAY
agge] thF Wey EAdA £y ¥ ¥
23, vaEYPEE 36 oAtk ey PAI-1
2UE 2 type IV collagenasestMMP-9 ¥
MMP-2) #8438 44e ¥rie fF3d A2 a3
5 A Table 8).

| oF

2L HARF  HMoldl  TAPEHAA(UPA,
PAI-1 ¥ type IV collagenases)E°] Boldt= A
< 2 #F wEAR ot ALl olEe ¥
obzal I dEixA ¢z ik B dFE AgdlM
uPAS} PAI-1 % type IV collagenase®] 2&F%
g gelnm, ojEe] wEd &2 dFUAAEFH
#4A 2 FHAES e 9% B8 g
3 Bdg FPsaA APgEch 160409 HAg &
A e F&A AL R FERAE 9o, A%
AL 3339 uPAY PAI-1% ELISA{enzyme-
linked immunoadsorbent assay)¥¥& o|&3ld
274391, gelatin zymography % Vg2 35
Ao type IV collagenased] Hd3} FAEE =
Atstdch 283 uPASE PAI-19] 29 AdzFd

HjE FFZFNA gA SEHNLY, dd HyEY
oA FHAEE EHFF oF A2 ALk

olglg Ae gz M uPAZL BA wHEY
= wasP® Nakamura$3# Tanaka$e] $i9 =
o2} PAI-1¢] H¥o] Frtso} girtn Had 2
ot U AFH2¥® plasmin systemo] %)
Ay Fag UL Fo] AA Hohx A

At =AM uPAS PAI-19] $do] 5 ZF7t

£ AL PAI-19] H¥o] uPA F&H9 AT
uPAS BA3E ATt A4 ol ¥ W
@o] oo} A AAsorgrs I Azns
vl A F0 gopete]l Ael® FYze
AXA Rl uPAS PAI-19] @@e] 25 7} 5
ojolgol HuEYH?® JanickeF L  FuretelA
PAI-10] %% oF AAYE RIstAM, dAZE
o] YAz|(distant foci)ol #J2Hd(reianplantation)
571915t PAI-1¢] 8% 8L 5% Yoz
et & oo Holrt dojyr) HHME AR
# F9 71FA(tumor stroma)s] Aol Haghd,
PAI-1¢] 57} uPAdl ¢ A9 7149 g
AAANA F4 7|2 94 F18F Ackn AHE}
Atk &l AdzANAME WA X(endothelial
cel)g} il PAI-10] EX822 PAI-19 37}
B A g Aol FuiEY U&E JEhE 9A
d & ar wEkA 238 ¢ Holg FAYS Yot
o Bge?. o5& uF WS BMA PAI-1S 3
Fol SHAY olF YL AXFHAT

e 2dyel Ax PAI-1 Bus uPAS 1
Ho] EYHon 2y AEF EFT «dF AA=E
#5200, uPA2t PAI-19] #ddls M2 44
o] it wetAd uPAS] ol sigtel Agd B
ot 2834, PAI-19] #4j7t #o] FrteRe %
AEY AEE gt A 2dE wPAE FUNE
X2 9 JEE vBol¥or ¥y glong
olg ZA3r| Ao AHESF Aok oA ¢
uPASt ol8] AAlAlQl PAI-19] #F¥o] Aojdd =
A F9elA Agol AEdn A + AT,
PAI-19] &7t uPAS W83 437 F715o
Aol FuaA dolvtx S BHFYLoE 4
E ARE A4S ek

wy 2 3ety Ty d9yPFGAE o] 8 a7
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Bad o3 uPAE 43 QHI B9 EL 4R
o Es} FAHoR HE HiE Ho g4e] Huj
FE HHo] UsA dojuhe Hdl FiHoem
uPA7l 7Z8HA 8435 A& ¢ F ddn 23
A3 o] E PAI-1 #ME FM3H PAI-19 ¢
ol 5ol de-& BRIAYYY. oy AFE
uPAS}t PAI-1¢] #3o] ¢dgol Faside 7148
A A g} AT

32 HeissT< 2034 Y A8 diitez yPA
9} uPA <84, PAI-1 ¥ PAI-28 wWgzx3
gHog BA3a PAI-1, uPA ¥ uPA FE&AE
N2L ALgBAe] AFARR Busigih ojEe 4
T 9AE FHATTE £ sy F99 A
X, AForAE & YE 71d AXd g8 AL
4 1A @sten uPASH PAI-1o] & =39H
o= R{el F2 44 =HEeXg PHsA waAe
stk 28y FUMEC uPA 9 PAI-19] 794
e HAAL olge 4 FUAETAN
8] dojutm Q& oviEin FUYMEAM B
PAI-1& uPAd] ¥ FIAE A9 BE |
e 988 ¥ReR AgEn®

Nekarda®< 7619 4d HAsE AW ¢
A2 AY R FURAAM ARFE FEEY
uPA, PAI-1& ELISA o=z FA3d oF <
ZA2Ae AL BadPed, ol BdT7e 43
% 2 dXgct o5& uPAS} PAI-19 #do] <l
& Axys nRae; g oey Hdeds /fFY
<Hpapillary cancer), A#3¢t 2 3o vlaiy =
Al 2@so] =AYeAQ AxE(Histomorpholo-
gic parameter)® #AZ vtz BusAY®. 2a
TFoME uPASH PAI-19] #de]| 37l Y F%
HEA 237t & FYMNEE vlatod =4 et
Wt 22y} Nakamura%< uPA, PAI-1¢ 233
Axe BaEdE Ruye 2y’ uai
uPAS} PAI-19] wde] Z<9 23 Hegtxe &
A dgo] leAE ol WE€A gow, FYME
o} AEEH EAae BAV oA Algdn

2ATFNA FF 339 uPAS] THHe] RHAE
o] BFF ofF dxlz BEHAYoY, FY4e Ay
oA W& uPA] W& vEsHew TNM H7)9
Yol wiz} vzt FrlEAe Gtk ol 2

+ uPA9] o] F42] Aol wel & gz
2353 e AL guisie, Bulsls uPAY A
A Wt olel FUMEEC] uPAE BA e
A7l B8 A2 dadeRde vt wed Y
WrlME uPAS] nREA B} o%r) Beksieled
A& ok HIT uPAd E EBo] F£4
(specific receptor)st o2} #x71 wax 77t A
P glovt o] ASE ofF 2 2grjHel &
w32 gfgtom, oo g A7t uPAS ¥4
718 & old sbed =82 FEd ARgo

Zymography & ©|€3}9] type IV collagenase®)
B 84518 AT A3 Ad=AHdM MMP-9
2 MMP-2 gA4sh7t Az Hlgly Fr}sol
2EE TEIANAE MMP-99 39 AdzFdMe
ol9] W} FAZI BAHAE=H ol HY #Al9
HzelM dad, W7F £ JBAgTel 3o
Z3 2] 7i8(remodelling)o] Yojuti o] YA|Ho
2 389 F don RadRNP?, e 3
AzAE WPAd Bl 2gtez yzEu zeu
ol] #ziyel LN ¢ VAEE FYZHA
B o8] QA b5l 9ol MMP-9¢ #4438}
AdH oz 9gte] Held BAY Aoz Atz
Atd Holzb e @Al MMP-9¢] &4 37}
F23 94 ol A e Adetn 5 Yok

MMP-2¢] 7 ole] Wda Az} FUdzzd
A F7kEel dm, 53 A4S AzAAE
A9 LEHA Fun FExAMTL 2P F o] MMP-
9 Rote MMP-27t $id=4dM EolatA @43
HeReg Algdr Davidde 8799 Y #xE
£ ez metd ¥o] 238 olgdqd MMP-2
Bz g4E A8sle] 7590(86%)¢ Y&
o A FEAE HROIAE, UNME Hohiz
o]% 4 (metaplasia)ol Y= R9dE MMP-27} %
Y BFIATA. o] A= B A7 A B
YA Et. D'errico¥E AXEQ £317F vmg 23
ALY AfolM Axe B3yt £& 99 279
¢l 7§l sl MMP-27} &4 23 g€< nns
A, A 2N wd HiE MMP-2% zymo-
gram 4 A4 23N LEHEHE 0@ ddgz,
ol @A AAvte] F/HE oulEy oo A{IE
FagRos Atagd.
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Davies$& %W#etdlA zymography & 2| 3)a}e]
MMP-93 MMP-2¢] #4351 ¥Hej7l 343 53
HE&R FUHYUTE o] Hdo] Frlso USE B
a8kgitt. 3] in situ hybridization 4 MMP-9
7 MMP-28] mRNAE FEAEROE JAMAXE
oA 3 wAgg wuaAdcP’. R WYyt
I 7] MELE in situ hybridization HFCME
MMP-9 2} MMP-2 mRNAE 94 %29 gl
dojubz B9je] 7|HAMAE & HFolME H& A
E5oA F2 SHHAN P, o] AAEL type IV
collagenase’} ¥ =1 §A43} Hedde F44
Fohegt FU-7IHMEENS A3AEr|He] F
fslthe AL o3y, AAdsE AE ¥F v
T FEARAA BolatA B3t X 71de] dH&
HAo Fa¢ 48L& dokn At

Al AgolM pro-MMPsE o2 Qzlgd 9
3 @43 "ctn 28R 13t & senine protease
¢l trypsinolY} plasmin 121 elastaseSol 93
43 5 AP et otz Sl type
IV collagenase”} o]% A &43} Hi=A= Ba7t ¢l
o). {2 Nomura$S ¢¢A MMP-2¢] #4318
$18l membrane-type MMP(MT-MMP)¢] @#H &
Ba3AA, MT-MMP7l FGA XA Moz
SEEH MMP-27F #4388 sesls s ®
3 MMP-27} &435td =437 MT-MMPe] 2do]
dYzAgedag Asstd & dy 3 4Rgdn
BRI, ol 71 fdeld MMP-29] &
g 71AE 48 AYEs dE 292 AlsdHoh

uPA, PAI-1 ¥ type IV collagenase®] ¥ 3}
ZAEE A Aol wet viwAl MMP-9¢] #4
3= T2 719 7P ForEA e, MMP-29) 24
ske T w977} A8ggo] wet Srpsidch uPA €
PAI-12 T3 #7ldl 714 &4 ZEsAT. o3
Aol7t FAQA #AFAA FF =W PAI-19] L
d % MMP-99 8437l F71 =dx, fg4Aelrt
A A MMP-2 #4437t 7= oleld 3
HEE FEsE A 9 AL F dANME @A
MMP2] Adete] Frisn, Z7|idelr A8t
282 JY=HWA MMPY A7t Friddt B
uPA S} PAI-19] #¥e] g el #8314
ol&e] Az A HuF FEE Holr} HA

e e A& 2 Aol RS A4gs Qi

MMP-93 MMP-2¢] #48e] wa %’—%*3%&
o] W3} =AIA] MMP-93} MMP-2¢] 843 9%

T FHAEEY 9¥E vAx Zagd. :LEM
MMP-9 3 MMP-27} 25 #4318 7oA &
4% 54 ¥ #AT Hd FHYEEo| I
o} ol A= MMP-93F MMP-27} $igte] A
ol E@Hog gl M2 FeF4E § A=
g ok uPA, PAI-19] 38 4 type IV
collagenase®] @Asiel W] AAE XS dF ¥
F 4% AdgE Z@3 uPAe nwde EYgHoz
FHAEEY BEFE HAF dx2 #Aso] uPAY
DUEol A AF & EX2A 9 5] =
o} 3

HAEHoZ yPA, PAI-1 2 type IV collagenase
of wE7 B4 A A N2 gE Ay A
2 O 7jdeg fdslan JE8 94F AN, o'
o] FAlel wEse] gAY AFr) B
A e Wrjgkn Foke] AEstEe A 24
g 2L 'Y 7R Agdez g 895 9l
th B3 uPAY a¥de SYPHoz FHAER
B3 AFAxz ARdul At #ale dF oS
EAA2AMe] sheAe] don, olF AAde $19ke]
AYg Adsle M2 X8 wWyge] Yasidn Al
e}

2 o

F H: AL EvEe BE- oAz oA FY
F AEge] M 58 Aotk gl o Alge
9] H&(invasion)® Zol(metastasis)® LHE
TAE dod, Age] A& dol AL FY AX
Eel @Y FHEALE sty AXs v)A Axet
& TANL e IHFES AL vrtgyes o
At oA FAHoR o|RojA ¢S BYE @
W 2& #4FEE urokinased plasminogen ¥A4IA
(urokinase-type plasminogen activator: uPA),
plasminogen @43 9 A}=)(plasminogen activator
inhibitors: PAlIs) % type IV collagenase
(MMP-9 % MMP-2) Fo] €8x oy, Huql
WALFAME SdEd EAE] 28 71d 2 43
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3Ae] Bdo] HYPHI oy fdelME dHS
oY i fad dig AT AY s 9
2 gt

g gAgEAes AdAle AlgA dojz
Ag 9 HY=AE o]83t uPA, PAI-1 ¥ type
IV collagenase] @3 AT E 2438 $ge
A& Moo viAE J¢E dolvm, LI Ao
of B¢ 2dg HYstax e, AL L AEd
AUE 25U AFAAENY J4H B EAE o
T3kt

& 3

1) F4229] uPA 9 PAI-1 & Z2} 9.4+87,
109%9.1 ng/mg protein cytosol, A4FZ & 53+
3.1, 58*29 ng/mg protein cytosol® FYZZ
A gz blsted uPA ¥ PAI-10] ¥4 2¥
HAHp<0.001). uPA%}t PAI-19] 2de FUAX
o] B3P/ YBSE =93(P=0.04, p=0.004), PAI-1
o dEe Wyl 9 dud dHert APEFE Eivd
(p=0.04, p=0.003). ¥4 ZF3 <9 uPA ¥ PAI-19
BEL ME ABEAE RAHr=0.57).

2) MMP-93 MMP-29] #A3l= FY23
0.32%0.25, 027£0.348 A4=3 0.19%0.27, 0.06
*0.16 wjgted E8ktHp<0.001). MMP-9¢} &43%
Hle 943 Holrt AWA-E Ehos, MMP-29
g4zl 94 Aok A BAEAAM U
(p=0.011, p=0.041).

3) G EAMdiM uPA, PAI-19 n¢dE ¢
type IV collagenase®] @43t 9% 8o 7
AEg B AFAAE FAHA L, GFHF B
4 ZA3 uPAY aWEe] S5¥F «F AxYd
(p=0.0003).

#H B :uPA, PAI-1 % type IV collagenase?)
wH gA4%e A9 AW M2 G Azl Mz
g rjde® #edstn &S ¥F U3, olEd
ST §A43F 7MY ¥t BFEch whebA
Ze& WrlEte 99 AEYH A 2AS H2E
2ge] 718 Jdes 94 $4Es Utk 53
uPAY TEHE 5YPHog FWAEZ BFF 9
FAZ gadut A A9 ¢F &iE B2
9] 7bsAdel e, ol& AAsd e YL A
g3l 428 A8 Wil ey Algd

= Abstract =

Study on Proteolytic Enzymes
(uPA, PAI-1 and Type IV Collagenase)
Involved in Invasion and Metastasis of

Gastric Carcinoma

Cho J.Y, M.D,, Chung H.C, M.D,, Noh S.H, M.D.
Kim H.K, M.D,, Park J.0, M.D, Lee J.I, M.D.
Yoo N.C, M.D,, Kim J.H, M.D,, Roh J.K, M.D.

Kang ]J.K, M.D,, Min J.S, M.D.
and Kim B.S, M.D.

Department o Internal Medicine , Institute for
Cancer Research, Yonsei Cancer Center,
Department of General Surgery,
Department of Pathology, Yonsei University
College of Medicine, Seoul, Korea

Objectives : Prognosis of gastric cancer is rela-
ted to invasion and metastasis. Evidence has accu-
mulated that invasion and metastasis in solid tumors
require the action of tumor associated proteases,
which promote the dissolution of the surrounding
tumor matrix and the basement membrane. The
serine protease [(urokinase-type plasminogen activa-
tor(uPA) and plasminogen activator inhibitor-1
(PAI-1)] and type IV collagenase(MMP-9 and MMP-
2) appear to play a key role in these processes.
Recent reports have demonstrated that expression of
these proteolytic enzymes are elevated in breast and
colon cancer and that it can be associated with
invasiveness and poor prognosis. We therefore eva-
luated whether the expression and activation of uPA,
PAI-1 and type IV collagenase might be of clinical
value in gastric cancer as a tumor/biologically
defined risk factor.

Methods : In a consecutive series of 160 gastric
cancer patients who were enrolled in the Yonsei
Cancer Center Study Group, the expression of uPA,
PAI-1 and type IV collagenase was determined by
ELISA, zymography and mmunohistochemical me-
thod. The results were as follows.

Results :

1) Both uPA and PAI-1 levels were significantly
higher in cancer tissues than no rmal(uPA; 9.4%87
vs 53%3.1 ng/mg protein cytosol, PAI-1;10.9%+9.1 vs
58129 ng/mg protein cytosol), (p<0.001 respec-
tively). Both high uPA and PAI-1 levels were
associated with differentiation of the tumor(p=0.04,
p=0.004), and a high PAI-1 level was associated
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with lymph nodes metastasis at an advanced stage
(p=0.003, p=0.04). There was a correlation between
the levels of uPA and PAI-1 expression in cancer
tissues(r=0.57).

2) The activation ratio of MMP-9 and MMP-2 in
cancer tissues 0321025 0.27%034 were signifi-
cantly higher than in normal tissue 0.19%0.27, 0.06%
0.16(p<0.001). The MMP-9 activation was associated
with lymphnode metastasis and the MMP-2 activa-
tion was associated with distant metastasis(p=0.011,
p=0.041).

3) In univariate analysis all of the proteolytic
enzymes were associated with short relapse free
survival, but in multivariate analysis only the high
uPA expression was an independent prognostic
parameter for short relapse free survival of the
gastric cancer patients.

Conclusion : These data indicate that uPA,
PAI-1 and type IV collagenase were involved in the
progression of gastric cancer at different points of
time by different mechanisms. The combined ex-
pression and activation of these proteolytic enzymes
were poor prognostic factors in gastric cancer
patients, so new therapy based on these biologic
behavior of the tumor in the same stage are clini-
cally applicable. In particular, uPA is a new inde-
pendent variable for the identification of patients at
high risk, therefore therapy targetting uPA can be
applied as a new treatment modality for gastric
cancer.

Key Words : Gastric cancer, Invasion and me-
tastasis, uPA, PAI-1, Type IV col-
lagenase
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