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The Relationship Between Expression of Matrix Metalloproteinases(MMPs)-2,
9 and Tissue Inhibitors of Metalloproteinase(TIMPs)-1,
2 and Survival Time in Resected Non-Small Cell Lung Cancer

Hak Ryul Kim, M.D., Sei Hoon Yang, M.D., and Eun Taik Jeong, M.D.

Department of Internal Medicine, College of Medicine, Wonkwang University, Iksan, Korea

Background : Matrix metalloproteinases(MMPs) are a large family of proteolytic enzymes, which are in-
volved in the degradation of many different components of the extracellular matrix. There is increasing evi-
dence indicating that individual MMPs have important roles in tumor invasion and metastasis. A tissue inhibi-
tor of metalloproteinase(TIMPs) has been reported to inhibit tumor invasion by inactivating the MMPs. In this
study, the correlation between MMPs and TIMPs expression, and the clinical outcome was investigated.
Methods ° Immunohistochemical staining of MMP-2, 9 and TIMP-1, 2 were performed on paraffin-embedded
tumor sections from 74 resected primary non-small cell lung cancers.

Results : In 74 patients, MMP-2, MMP-9, TIMP-1, and TIMP-2 immunoreactivity was demonstrated in 24
(34%), 19(26%), 27(36%) and 32(43%) of the paraffin-embedded tumors, respectively. The median survi-
val of the MMP-2 positive cases was significantly shorter than that of the negative cases(20 vs 34 months).
The median survival of the TIMP-2 positive cases was also was significantly longer than that of the negative
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cases (34 vs 18 months). The MMP-2, and MMP-9 expression level had a positively correlation with a more

advanced stage and lymph node metastasis. There was inverse correlation between TIMP-2 expression and
tumor invasion. The median survival of the MMP-2 negative/TIMP-2 positive cases was higher than that of

the other cases.

Conclusion : These results suggest that tumor invasion and lymph node metastasis are closely related to MMP

-2 and MMP-9 expression. There was an inverse correlation between TIMP-2 and MMP-9 expression, and

tumor invasion. ( Tuberculosis and Respiratory Diseases 2002, 52 : 453-462)
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Table 1. Clinical Characteristics of the Patients

Age (mean, range) 63 (35-84)
Sex (male : female) 57 1 17
Histology

Squarmous cell carcinoma 47
Adenocarcinoma 20
Large cell carcinoma 7
TNM stage

1 33

II 24
A 17

ot 7agt. #Wr)E TNM 28199734 7iA) o=
1 #7] 334, II ¥7] 2438, WA 7] 1739
(Table 1).

24 4

T3 fxle] BE 237 &elo|=F sl AFol
713 253 AeE mebd ¥of 232 =sle] 4um
2 A3l 57He] &elo|=F THEL histoclear £
Ho 2 paraffing A A oh, 100%, 95%, 75%,
50% ethanolol 94302 AFsir 7|1, H|5o]H
¢l peroxidase Z4-& zdstr] sl 3% H.L0.2
A2 g F FF5l g2 & PBS(phosphate buff-
er saline) 2.2 A Hslx, v|5o|d &« ZEE ]
218} non-immune goat serum(5%, pH 7.6) 2.
2 2087 A2]§ o8 Matrix Metalloproteinase
(MMP)-2, 92} Tissue Inhibitor of Metallopro-
teinase(TIMP)-1, 2¥2} 4] (mouse monoclonal
antibody NEOMARKER and CHEMICON. CO,
US.A)E 40CollA RHEAIZ) o]Fe] yhg2 &
=2 sistd e FEH Ao 24, biotine] A
e 2 A E 2gA171a, avidine] e per-
oxidase reagentZ WHEA|Z|H biotin#} avidino]
ZAP=o] Matrix Metalloproteinase(MMP)-2, 99}
Tissue Inhibitor of Metalloproteinase(TIMP)-1, 2

Fig. 1A. positive reaction to MMP-2 antigen stain
in bronchioloalveolar carcinoma (Hema-
toxylin counterstain, 200X )
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Fig- 1B. positive reaction to MMP-9 antigen stain
in bronchioloalveolar carcinoma (Hema-
toxylin counterstain, 200X )

Fig. 1C. positive reaction to TIMP-1 antigen stain

in adenocarcinoma (Hematoxylin count-
erstain, 200X )
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Fig. 1D. positive reaction to TIMP-2 antigen stain

in squamous cell carcinoma (Hematoxy-
lin counterstain, 200X )

Table 2. Survival Time of Patients according to
the Histology and TNM stage

Median survival

(months)

Histology™

Squamous cell carcinoma 23

Adenocarcinoma 34

Large cell carcinoma 19
TNM stage**

1 36

II 24

IMA 13

Kaplan-Meier, Log-rank *:p>0.05, **:p<0.05

o peroxidaser} HZHr} 7|9 3-amino-9-
ethylcarbazoleo] ¥hgale] Zaules o)A 3
% Hematoxylin g49o 2 = gMA|Z] & Matrix
Metalloproteinase(MMP )-2, 99} Tissue [nhibitor
of Metalloproteinase(TIMP)-1, 22] ¥&& sls}
A}, Matrix Metalloproteinase(MMP)-2, 9¢}
Tissue Inhibitor of Metalloproteinase(TIMP)-1,
2¢0] A e 2me] =" WHels oA} o) WAy
(double blind method) 22 57je] FMH 227 =
glo| =g AErdu|A 2000 SellA o] "eg a

sl o]F b GAlEvE B3 Galo] e 9= &
of AA M E F MEANAM Hgidoz Huo] g
°lel MMP ¢} TIMP 7} &g <k Ee] Hlgo] 10
% PRl A= 4, 10%0149 A$E= Pde=
T2 (Fig. 1). MMP ¢} TIMP 238 Axe

& QT8 dge] =yelsty 57, TNMH
7], B3 Hold M YESL Kaplan-Meier
o2 Faen, 7t #te] MESL Log-rank®
Pl p<0.069 w EAIEH Hoide A
At

2 4

1. 2| =XEH 27 3 TNM Hojol| olg 4E=2

AA 74205 HY AUk 472 S A3 e
23709, Meke 2082 340 €, A ZH L T =
1978go|l et 2t 2t fofdt AER Aol
fien, TNME 7o) & FH AE7IHE 1147
7} 339 36719, M¥7|7} 248 2470, MA 7}
174 1371¥=2 74 27k #23 Aolg Ryt
(Table 2).

2. H|2aM|EDt=Eoll =X Helsty 27 W
TNM (o] @2 MMP-2, 99} TIMP-1, 282l
o W He

Z 74¥% MMP-2& ¥/7o] 34%(25/744)), &
Aol 669%(49/749)9 1, MMP-9& 26%(19/
74%8)), 74%(55/74#), TIMP-1& 36%(27/74
#l), 64%(47/74%9]), TIMP-2+ 439%(32/744)),
57%(42/749)) 9}, TNMH 7)o o2 MMP-2&
kdtel 1W7] 30%(10/33d)), 11H7] 58% (14
/24), WA 7] 71%(12/17)¥1, MMP-9= I
W7] 33%(11/33%]), 1IH7) 71%(17/24), WA
W7) 7T1%(12/17) 24 MMP-2, 9= W7] Ao
w2} 78] 31 EaEo] FHEUAL, TIMP-1& 1 W7
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Table 3. Expression of MMP-2, 9 & TIMP-1, 2 according to TNM staging

MMP-2* MMP-9** TIMP-1 TIMP-2***
I(33) 10/33(30%) 11/33(33%) 13/33(39%) 19/33(58%)
m(24) 14/24(58%) 17/24(712%) 7/24(29%) 10/24(42%)
MA(17) 12/17(71%) 12/17(71%) 7/33(21%) 3/17(18%)

* k% ***P<0.05

Table 4. Expression of MMP-2, 9 & TIMP-1, 2 according to Lymph Node Metastasis

MMP-2* MMP-9** TIMP-1 TIMP-2
NO 13/44(30%) 13/44(30%) 16/44(37%) 21/44(48%)
N1 10/19(53%) 13/19(68%) 6/19(31%) 8/19(42%)
N2 8/11(73%) 8/11(73%) 4/11(36%) 2/11(18%)

* > P<0.05

Table 5. Expression of MMP-2, 9 & TIMP-1, 2 according to Histological Cell Type

MMP-2 MMP-9 TIMP-1 TIMP-2
Squa.(47) 12/47(26%) 8/47(17%) 17/47(36%) 19/47(40%)
Adeno(20) 10/20(50%) 8/20(40%) 8/20(40%) 10/20(50%)
Large(7) 3/7(43%) 3/7(43%) 2/7(28%) 3/7(43%)

399 (13/332)), 119W7] 29%(7/24), WA 7|
21%(7/33)993, TIMP-2& 17] 58%(19/33
d), 1147 42%(10/24) MA 97l 18%(3/17)
2 wyldsd wel fosi wdel Zaddnt
(Table 3). B3] Yud Holdl & YHL MMP-
2014 o] NO 30%(13/44%), N1 53%(10/
19), N2 73%(8/11)%1, MMP-9& N0 30%(13
/44#), N1 68%(13/19), N2 73%(8/11)=
MMP-2, 95 Hold ule} feolahA Lol F7153A
3, TIMP-1& NO 37%(16/443)), N1 31%(6/
19), N2 36%(4/11) 92, TIMP-2% NO 48% (21
/4481), N1 42%(8/19), N2 18%(2/11) & Fre] %
g o] xlol= gIiTH(Table 4). =3 23 ¥a]dhy
B2 glo] MMP-2& BH A9 ollA] ool 26
9%(12/474)), A% 50%(10/20), A 43
%(3/7)91, MMP-9+ H3A9H XY 17%(8/
478), Ae 40%(8/20), A S 43%(3/7)

2 fo)3 w3e] ol QI%iT, TIMP-1= AR
g9k 36%(17/47), e 40%(8/20), HAIZ
ke 28%(2/7)¥, TIMP-2& HHAAEY
40%(19/474)), AL 50%(10/20), hAIELE
43%(3/7) 2 2% #de] Aol gldot. (Table
5).

3. &M EStEE 0| MMP-2, 92 TIMP-1, 2
gele| WETol WE MES

MMP-29] 28 Ak W& 2 AE 7|17 ¢4
Fo] 2079, &) 34MY R BAHoE Rl
A eAlTe] BYL, MMP-9& Rdiel 2570€,
e4d7o] 30EE ST ERou BAHR &
98l zjoli= g1l tH(Table 6). TIMP-1¢] ¥d A=
o W &7t BE 7|17he PTe] Mg, 24T
o] 19/M€ 2 $AA fol 3 xjol= gid o i Tol
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Table 6. Survival time of the patients according
to expression of MMP-2; 9

MMP-2 MMP-9

+ - + -
Median (Mo) 20* 34 25 30
Expression(%) 34 26

*P <0.05

Table 7. Survival time of the patients according
to expression of TIMP-1, 2

TIMP-1 TIM-2

+ - + -
Median (Mo) 34 19 34* 28
Expression(%) 36 43

*P <0.05

Table 8. Survival time of the patients according
to expression of MMP-2/TIMP-2

MMP-2 n B
TIMP-2
+ 25mo* 38*
- 19 13
*Median  *:P <0.05

SATEY F3dPon, TIMP-2& AFo] 34
N, EAT) 28/MYE Pdiol EAZoT §o
A AEEo] UTHTable 7).

4. d|AMIEHI2LZZofl A MMP-2/TIMP-22| o)
oE MES

MMP-2/TIMP-2¢9) t& w8 e Y7/ Pz,
AL/ HEE, HIT/ST, ST/ AT

O] AEES v|wsd PHT/ e 9
7132 25709, ST/ FIT 380Y, I2/
T 1970, $4F/4T 13092 SF/ T
ol BAH o2 fosiA FE&o] =UTH(Table 8).

oo ox

g

o 3

Matrix metalloproteinases AZ9] 7|28 &) 3}
= AAEAS Aol EAshs o Bl g9 3
ZHIEA EA 20717 o)l mavt wHEA ¢l
ol MMP & Alxe] 7]d H& & Holx 37} o
e FHAIIH Znoledt HAFSH= catalytic do-
maing FHEI2E chelating Ao 213+ iy
w3l 715e] APt £3 BE48 (zymogen) 0.2
THEol S493) AP A O Halsg Ay,
%9 o=t NEE JRIY. MMPE 4711 2
o2 yxoixlEd collagene B33 collage-
nase, proteoglycan®} glycoprotein® B2a &=
stromelysin, gelating #3}sH= gelatinase, matri-
lysino & FRE)S

MMP= A3AAME 4 25, gala Bape =
A B SEET 2o Yely e BEgy g
W AstE 2o gy s Bt 7y
oo} dojut Afoll Ak Aoz delA Yup-

MMP-2& Rz 714 go] A= F3
1AM EAA LS MMP-7& 38 58 33
Wete] HE AoA 2ol F2 ddss MMP-9&
g A oA FHE T MMP = dwta o 2 dto] 7
ool wet BAEE FFH 71 E2oksla, W)}
APl wat wAYgo] F7bsln, TPl T} F
919) 74 M Eel A F2 YHHT MMP-2E o=
Al dEs) Frlsict HZ A BAY MT-
MMP= &4 2% Fd9 7H8xxoA A=
MMP-2& 243} Al7]= Ao 38 7|502 dajx
= S

A4l MMP-2, 35 apde] do|o} dat ¥
Ha G-I A7 Q' MMP-1, 7] 2de o
F7h Esld 5949 d3elga Rugm gioh
HM= MMP-2, 99] WHZ71= AJFEgo| Bt
Sithe BI® Jouls 9% ®vu= Zoko] Wy
HoPd dolot BA7) gle B o} AEgnE o
AZE Yok BA% ob™e o) goke A= MMP-1
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o] WEe o %7} Baksla MMP-2, 9 o] o %
ote] FAlE Aold AE BHasta o

AYAA M= MMP-2, 9o] 2dHE=w o] F
MMP-9& U o FE AR slg o, 3
M= MMP-2¢} stromelysin-37} slA &3
H E¢2Q oA Huga Jon® wagh
JA MMP-2, 9= &4l ¥e] & 2 Moo} L3
A7l vk Bl

Michael 5% & AM¥ HYH MMP-1, 9&
60-70% 7}, MMP-2, 3, 11, 13, 14 70-100% 7}
BEE 3 o] MMP-3, 11, 147} 533 3
o FQlxtela B, Thomas 5* & 1169
423 BN 2GR 229 MMP-2, 97} 41
%, 42%9 $HE BT, o] WHFART}
MMP-1, 11, 13, 147} #42} 21%, 36%, 36%, 21
%2 FAEYe wusigen o3 Avhks Xgte]
HAF Holg & sz M EEL FF & 4 A
t}. 3 Suzuki B & 4399 S AYRa =
oA MMP-27} 44%, MMP-90] 21% & ‘335
I MMP-27} MMP-9ET}H ¢Al® HAfo) Fa3d
dgto) uin Bl Passlick % & &%
H AN EHGl4 MMP-2& 33% 2 Hdds|:,
MMP-2 & T #e BE710E B o 37}
Bekaivin 2usigch. B Q7= MMP-29 &
#o| 34% 2= MMP-9KXr} ddo| 9tor], MMP-
2, 99] B Fo] A7l vs] BEEo| Wol o371
Bagte o 5 U, MMP-2E& #938HA %7t
Baksigch T3 MMP-2, 9% W7 7b AgdgrsS
FroaA dde] FUE e, "upd dolrt g
42 wgo] ZFURIAY. AE®H g MMP-2, 9&
oAl 2ol F&3 Hojol HAE Aot & AT
= el & F 0t

MMP inhibitors= A 371X 2 &F==H che-
lating 3H= ¢H414) EDTA ¢ ¥4 peptide 2832
TIMP 7} 21tk TIMP = 4714 typeo] ARG o™ ¥,
TIMP-1& 28kD o 2 #Al3l% collagenased A
e Tlse] o F, dadAM Fz IHEHY,

basic fibroblast growth factor, platelet—-derived
growth factor 5ol ¢|8} fibroblastolAl L&) =
7}38}il ras oncogened] 93] TtHH o7 =HH
T} TIMP-2& 21kDo g ZHANEFA A&
oz EaEydy, MMP-29 AlAlZA F=2 pla-
centad|A WA P TIMP-3+ 24kD o2 #1<t
oA EelEn Mxel rEn vheE F2, A,
Holal HEACP. TIMP-4& 22kDo2 AFolA
FEn F2 A Ee] Holg dAlske Aem ¢
A Aok duidog TIMPE MMPe &4 ¢
7% 98¢ sl A& dolg HAlsh=s Ao
2 iR o, HIZdE dold dHE WAE 7t
An Yrhe B3t glo] e 7K R By
saL gt

skl A TIMP-190] Hol& JAlsh= A7} Aot
= BTs) 3 9 5& MMP-2, 99 o] 27}
T YA E TIMP-19] wdo] ZAsidia B
AR AR, Hte] AT BauoAE TIMP-1, 2
of Wy ¥y, 28H i, g2 Ho| A,
BEETE WAV gloke EaE Ao didgellA
= TIMP-1, 27} 924 Hol, ¥7le}t Z4aaA7t 2
3, 5d AEgo] Zaddty Rusidn® At
M= 9] TIMP-1, 28] 2@ dabd dol & 9
7 Hole} WHE WA v Bt Mi-
chael 52 & 47129l TIMP Fo TIMP-2, 30|
87%, TA% 2 ¥ B g BY oy ¥rld g 3}
ol vt Euslyot.

Thomas &% & v]AMEZAIAA Z4zke] TIMP
UL 45-51% 2 vl=dg o), TIMP-2¢] o]
Wy gujtant AgelA FgdEss, TIMP-1, 2&
1, 297180} 3, 4¥7|dA HLEE 2o I1PE H
oMol TIMP-1, 2& o FRIA=2A 9 %8s B
391, Suzuki®?® & TIMP-1, 29 ¥&de ztz}
35%, 67T%= TIMP-27} w4 w¥E=doeH,
TIMP-2¢] W& Asd Ha71MA o8t =
A @Ese] TIMP-27F Aolet AaAdAIZ UE
Busen, MMPS TIMPAlldl= AaEAI7E gl
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thal 2l E3 Fong 5% & B) A4 EH ok
A TIMP-19] #@e B9 o $9xlz Busin
Aok & AFME TIMP-1, 29 23ge Zz
36%, 44% 2 TIMP-27} 9%t && wde

o, Wrle] el wWaE TIMP-1, 29 93 e
Hiehs g sk e B1, 53 TIMP-

o BAHCR §oF Aol gt HY =
A4 MMP-2/TIMP-2¢] 2o wa ZoyE7]7}
& BlnElE ) /P BHEERT 24 /P9
BHTe T AEXD0] Fol MMP-29} TIMP-2
Udo] WHI ABHAI) AL Aoz AsEy. 2
4o 2 N AN EHdA MMP-2, 99] Wale &
FE o $E Holm, TIMP-29 Wae MMP-29)
GEI ool BAE Bod #Hge] GME At A
ole] 24o1 MMP inhibitor(MMPI) 2] &gle] #E5)
il FF MMPI 9] 7de] 8438 € Roz Algd
=3

j=
28k g2 dolo] wE TIMP-2% ZAE B
;'S‘I
7

2 o

AP

MMPs= $¢ dolo] F8 499 71Autn Hxe
718E Bl QMRS e 2 Holo] 29 A%
&, TIMP & MMP9) 93 7)1} child B
dAlhe Atz AHAUT. MMP] Hae ¢
B717F AP &2 Foleln 79 Y=AH Holg}
WAZE dem, TIMPS] wde 79 guldaz Hoj
7} dojuid Zha F= Frksheglo g UgeA Qo
CHah 3 2bg

H2Al 2o 2 Ak whn 74 MRS A8 b
2 749 A= o paraffine]] BoE zAo
A HgzAIstEa e o]gsle] MMP-2, 9,
TIMP-1, 2 32 Lde dasigon Wi o
& AEEE Kaplan-Meier, Log-rank & A431

ox o

- T
Ao g

2

2 o}
MMP-2, 9¢] L8 e 7tz 25/743)(34%), 19/74
(26%) 3L, TIMP-1, 29} Wde 712} 27/74(36
%), 32/74(43%) A0k, JA W71 wE MMP-2,
9 HHE Wrle] o) wet golsiA Zrleia,
TIMP-2& frolail dasidoh. ¢4 gxdo] o)
off We WHe MMP-2, 9olARt Hojo} ajo) u
gt frelebdl Z7lsit MMP-2 el wa =71
AE7IZRE: FdTrol 20709, SAdTo) 34Mg e <
ol frojshl Wgkon TIMP-2£ 34709, 18
HER ol FoshA EUth. MMP-2/TIMP-
20 W F3 AETIZES 24 /%0) felal =
At

33 e

MMP-2, 9 L¥HE Fo| Wgn gxdel Hojo
HAEg Rog AlgE™, MMP-29} TIMP-29]
-2 vl #A7} ok

3 1o &2 ¥

1. Pezzella F, Turley H, Kuzu I, Tungekar MF,
Dunnill MS, Pierce CB, et al. Bel-2 protein in non
-small cell lung carcinoma. N Engl J Med 1993;
329:690-94.

2. Tryggvason K, H yhty M, Pyke C. Type N
collagenase in invasive tumors. Breast Cancer
Res Treat 1993;24(3) :209-18.

3. Ray JM. Stetler-Stevenson W@G. The role of ma-
trix metalloproteinases and their inhibitors in
tumor invasion, metastasis and angiogenesis. Eur
Respir J 1994,7:2062-72,

4. Nakagawa T, Kubota T, Kabuto M, Sato K,
Kawano H, Hayakawa T, et. al. Produciton of
matrix metalloproteinases and tissue inhihitor of
metalloproteinases-1 by human brain tumors. J
Neurosurg 199481 :69-77.

5. Curran S, Murray GI. Matrix metalloproteinases

— 460 —



— The relationship between expression of matrix metalloproteinases(MMPs)-2, 9 —

in tumour invasion and metastasis. J Pathol
1999,189:300-8.

6. Yurchenco PD, Schittny JC. Molecular architec-
ture of basement membranes. FASEB J 1990,4.
1577-15690.

7. Woessner JF Jr . The matrix metalloproteinase
family, in Parks WC, Mecham RP (eds) : Matrix
Metalloproteinases. San Diego, CA, Academic
Press, 1998,pp 1-14.

8. Birkel-Hansen H, Moore WGI, Bodden NK.
Matix metalloproteinases. A Review. Crit Rev
Oral Biol Med 1993,4:197-250.

9. Kinoh H, Sato H, Tsunezuka Y et al. MT-MMP,
the cell surface activator of proMMP-2(pro-gela-
tinase A), is expressed with its substrate in
mouse tissue during embryogenesis. J Cell Sci
1996 ;109:953-59.

10. Chambers AF, Matrisian LM. Changing views of
the role of matrix metalloproteinases in metasta-
sis. J Natl Cancer Inst 1997,89.1260-70.

11. Liotta LA, Tryggvason K, Garbisa S, et al. Meta-
static potential correlates with enzymatic degra-
dation of basement membrane collagen. Nature
1980,284 :67-68.

12. Parsons SL, Watson S, Brown P, Collins H,
Steele RJC. Matrix metalloproteinases. Br J Surg
1997 ;84 :160-66.

13. Strongin AY, Collier IE, Bannikov G, et al. Mech-
anism of cell surface activation of 72-kDa type
IV collagenase. Isolation of the activated form of
the membrane metalloprotease. J Biol Chem
1995,270:5331-37.

14. Kn uper V, Will H, Lopez-Otin C, et al. Cellular
mechanism for human procollagenase-3 (MMP-
13) activation : Evidence that MT1-MMP (MMP
-14) and gelatinase A (MMP-2) are able to gen-
erate active enzyme. J Biol Chem 1996,271:

17124-131.

15. Shima I, Sasaguri Y, Kusukawa J, et al. Produc-

matrix metalloproteinase-2  and
metalloproteinase-3 related to malignant behav-
iour of esophageal carcinoma. Cancer 1992;70:
2747-53.

16. Sier CFM, Kubben FJGM, Ganesh S, et al. Tis-
sue levels of matrix metalloproteinases MMP-2
and MMP-9 are related to the overall survival of
patients with gastric carcinoma. Br J Cancer
1996,74:413-17.

17. Murray GI, Duncan ME, Arbuckle E, Melvin
WT. Matrix metalloproteinases and their inhibi-
tors in gastric cancer. Gut 1998,43:791-97.

18. A3 H. slAiolA MES] 71d S48 Tl
&) & 4 (Matrix metalloproteinase ) 2} A Q1 =] &
& . Cancer Res Treat 2001;33(3):199-206.

19. Murray GI, Duncan ME, O'Meil P, Melvin WT,
Fothergill JE. Matrix metalloproteinase-1 is asso-

tion of

ciated with poor prognosis in colorectal cancer.
Nature Med 1996,2:461-62

20. Zeng 7S, Huang Y, Cohen AM, Guillem JG. Pre-
diction of colorectal cancer relapse and survival
via tissue RNA levels of matrix metalloproteinase
-9. J Clin Oncol 1996, 14:3133-40.

21 AR, o], olfzl, =&, AYPA gollA
i Ea] g0 1E MMP-2, -9, -3, -79] ¥
AzA St o 8eretalx] 2000;32(3) 1629
-37.

22. Ahmad A, Hanby A, Dublin E, et al
Stromelysin-3 . an independent prognostic
factor for relapse-free survival in node-posi-
tive breast cancer and demonstration of
novel breast carcinoma cell expression. Am J
Pathol 1998,;152:721-28.

23. Michael M, Babic B, Khokha R, Tsao M, Ho
J, Pintiline M, et al. Expression and prognos-

— 461 —



— H. R. Kim, et al —

tic significance of metalloproteinases and
their tissue inhibitors in patients with small-
cell lung cancer. J Clin One. 1999;17-6:1802
-1808

24. Thomas P, Khokha R, Shepherd FA, Feld R,
Tsao MS. Differential expression of matrix
metalloproteinases and their inhibitors in non
-small cell lung cancer. J Pathol 2000;190:
150-6.

25. Suzuki M, lizasa T, Fujisawa T, Baba M,
Yamaguchi Y, Kimura H, et al. Expression of
matrix metalloproteinases and tissue inhibitor
of matrix metalloproteinases in non-small-
cell lung cancer. Invasion Metastasis 1998/
99,18:134-41.

26. Bernward P, Wulf S, Rita SH, Werner W,
Olaf T, Wolf M, et al. Overexpressin of ma-
trix metalloproteinase 2 predicts unfavorable
outcome in early-stage non-small cell lung
cancer. Clin Cancer Res 2000;6:3944-48.

27. Gomez DE, Alonso DF, Yoshiji H, Thor-
geirsson UP. Tissue inhibitors of metallopro-
teinases. structure, regulation and biological
functions. Eur J Cell Biol 1997; 74:111-22.

28. Denhardt DT, Feng B, Edwards DR, Cocuzzi
ET, Malyankar UM. Tissue inhibitor of
metalloproteinases (TIMP, aka EPA) : struc-
ture, control of expression and biological
functions. Pharmacol Ther 1993;59:329~41.

29. Tuck AB, Wilson SM, Khokha R, Chambers
AF. Different patterns of gene expression in

ras-resistant and ras-sensitive cells. J Natl
Cancer Inst 1991;83:485-91.

30. Galis ZS, Sukhova GK, Libby P. Microscopic
localization of active proteases by in situ
zymography . detection of matrix metallopro-
teinase activity in vascular structure. FASER
J 1995,9:974-80.

31. Uria JA, Ferrando AA, Velasco G, Freije
JMP, L pez-Otin C. Structure and expression
in breast tumors of human TIMP-3, a new
member of the metalloproteinase inhibitor
family. Cancer Res 1994;54:2091-94.

32. Wang M, Liu YE, Green J, et al. Inhibition
of tumour growth and metastasis of human
breast cancer cells transfected with tissue in-
hibitor of metalloproteinase 4. Oncogene
1997,;14:2767-74.

33. Wantanabe M, Takahashi Y, Ohta T, Mai M,
Sasaki T, Seiki M. Inhibition of metastasis in
human gastric cancer cells transfected with
tissue inhibitor of metalloproteinase 1 gene in
nude mice. Cancer 1996 ;77 (Suppl) : 1676-80.

34. Murashige M, Miyahara M, Shiraishi N,
Saito T, Kohno K, Kobayashi M. Enhanced
expression of tissue inhibitors of metallopro-
teinases in human colorectal tumors. Jpn J
Clin Oncol 1996,26:303-9.

35. Fong KM, Kida Y, Zimmerman PV, Smith
PJ. TIMP1 and adverse prognosis in non-
small cell lung cancer. Clin Cancer Res 1996
2:1369-72.

— 462 —



