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Background : Matrix metalloproteinases(MMP) are essential enzymes for tumor invasion and metastasis.
Among the MMP family, elevated MMP-9 and stromelysin-3(STR-3) expression have been reported to be
poor prognostic factors in lung cancer patients. To evaluate the possibility of a molecular diagnosis of lung can-
cer using peripheral blood, the mRNA expression level of MMP-9 and STR-3 was measured using a reverse
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transcriptase-polymerase chain reaction(RT-PCR) in patients with lung cancer.

Methods : Ninety six patients(44 patients with lung cancer, 19 pulmonary infection, and 33 control} were in-
cluded. To detect MMP-9 and STR-3 mRNA expression, RT-PCR was performed in peripheral blood mononu-
clear cells. ELISA was also used to measure the serum level of MMP-9.

Results | MMP-9 was expressed more frequently in patients with a pulmonary infection(18/19, 94.7%) com-
pared to lung cancer patients(26/44, 59.1%) or the controls (23/33, 69.7%) (p==0.018). On the other hand,
STR-3 expression was observed more frequently in patients with lung cancer(37/44, 84.1%) compared to the
lung infection patients{8/19, 42.1%) or control(20/33, 60.6%) (p=0.003). Among the lung cancer patients,
MMP-9 was expressed more frequently when a tumor invaded the lymph nodes(17/24, 70.8%) compared to
when a tumor did not(3/13, 23.1%) (p=0.005). The MMP-9 and STR-3 expression levels had no relationship
with age, sex, tamor size, distant metastasis, or tumor histelogy. The serum MMP-9 concentration was not
higher in lung cancer patients compared to patients with a pulmonary infection or the control subjects.
Conclusion : STR-3 may be used as a diagnostic marker in the peripheral blood of lung cancer patients using
RT-PCR. Further studies to evaluate the clinical significance of elevated STR-3 expression in lung cancer pa-
tients is recommended. ( Tuberculosis and Resprratory Diseases 2002, 52 : 107-116)
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2. RT-PCR
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Table 1. Primers used in PCR amplification

. Annealing  Product size
mRNA Primer sequence .
Temp (C) (bp)
GAPDH Sense 5ATTGGGAAGGTGAAGGTCGG 55 450
Anti EATGATCTTGAGGCTGTTGTC
MMP-9 Sense B’ACACCTCTGCCCTCACCATGA 60 2158
Anti 5AAAGCAGGACGGGAGCCCTAG
IN-Sense 5'CGTGGCCCAGGTGACCGGGGC 60 298
IN-Anti 5CTAGTCCTCAGGGCACTGCAG
STR-3 Sense 5CTAAAGGTATGGAGCGATCT 55 1439
Anti 5’ACCTCACAACAGGGATACAG
IN-Sense 5'CTACTGGAAGTTTGACCCTG 55 354
IN-Anti 5ACTGCCCTTCCTCTTAAGTC

Definition of abbreviations : GAPDH =glyceraldehyde-3-phosphate dehydrogenase ; MMP
-9=matrix metalloproteinase-9 ; STR-3=stromelysin-3

3. MMP-9 ELISA

1) 83&e]

Bl 4Co T &3 5 3000 rpmeA] 10
1 AAEs F59e Askd A¥d) A8
A7 -70°Co Rsiadch

2) ELISA

23l MMP-9¢] A% Human MMP-9 Immuno-
assay(R &D systems, Minneapolis, USA) ELISA
kitg AMg-sle] &gt

4. SAEH M

AR SPSS (version 10.0)& o]gskd A4
it &4 27 @3 MMP-9 ¥5 4z 37
T ¥EEAE g8t Al &7 RT-PCRE o4&
kg 243 MMP-97 STR-3¢] & &9 zlo] 1

23 AGEAZHAA W], Hegy 47, 99,
4 wg dd&9] xol= chi-square test T
Fisher’'s exact test2 2A43ldx, Al 7t AU

MMP-9 X9 o] ANOVA testZ EA231
t}. MMP-9 mRNA 2&H5 ©g €3 MMP-9
F=9 Aol Student t-test2 FAEATH Fol5

Z2 0.052 9k
4q4
1. RT-PCRE 0}83I MMP-93} STR-32] Waig

RT—PCR—‘F £o] band®] FFE S<F R IE
T AT B Foz WA (Fig. 1).

44%«} HY oA MMP-9& 267 (59.1
%), STR-32 374 (84.1%)°] PCR o=z &
e, 337e] ARl = MMP-9 237 (69.7
%), STR-8 207 (60.6%)°] gz, 1999 &
&7 Aggae] A% MMP-9 18 (94.7%),
STR-3 8W (42.1%)°] Yoz BAHU. #HAY
Aol AEEA oz ZAd el MMP-9#%
STR-3 mRNA ZI&E7e] A= MMP-92 7%
A FosA =4 EHHMW (p=0.018, chi-
square test), STR-3-2 #H3bAld| A F2lsiA A
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500 bp
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500 bp
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500 bp
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Fig. 1. Detection of mRNA in peripheral blood mononuclear cells that expressed MMP-9 and
STR-3 by RT-PCR. Lane 1:1kb ladder; Lane 2:A549 cell line, Lane 3:lung cancer
(adenocarcinoma); Lance 4:lung cancer(squamous cell carcinoma),; Lane 5:lung can-
cer(squamous cell carcinoma); Lane 6 :normal control, Lane 7:normal control; Lane 8:
100bp ladder

Table 2. Overall positive expression rate of MMP-9 and STR-3 mRNA on peripheral blood
mononuclear cells

Lung cancer Pulmonary Control
P value*
(n=44) infection (n=19) (n=33)
MMP-9 26 (59.1%) 18 (94.7%) 23 (69.7%) 0.018
STR-3 37 (84.1%) 8 (42.1%) 20 (60.6%) 0.003

Definition of abbreviations . MMP-9=matrix metalloproteinase-9 ; STR-3=Stromelysin-3
*calculated by chi~square test

WL THp=0.003, chi-square test) (Table 2). 7] AR §5, F4) WHulad, A%, Adddd
w2 MMP-93 STR-3 mRNA ¢} %L% ul=
2. Higt #x}=2te] MMP-91} STR-3 mRNA 2| ut Jo] & Ho|x] gItH(Table 3).
2 Hlw

3. g&je] MMP-9 S5
BAEL MMP-97 STR-3 mRNA o] 44

S,
ong

&8 v Zak=, MMP-9¢] A$ @x=d Hdolrt ELISA 2 Z43 that &2 EFue] MMP-99] %
S el 70.8%(17/24) = F=A Holr} gl S AR diEEdlA 311+281 ng/ml, #E
T 23.1%(3/13) B EAIA R FosH =4 HAsHEo) A 400+534 ng/ml, HY FArA
ERthH(p=0.005, chi-square test). =L ©]<jo] T 237 £146 ng/ml 2 Al 7t oude 2ol ¢l
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Table 3. Positive expression rate of MMP-9 and STR-3 mRNA on peripheral blood mononu-
clear cells in patients with lung cancer according to the stage, tumor histology, age,

and sex
Subgroup MMP-9 positive p value* STR-3 positive p value*

T stage T1-2 15/25 (60.0%) 0.295 20/25 (80.0%) 0.367
T3-4 5/12 (41.7%) 11/12 (91.7%)

N stage NO 3/13 (23.1%) 0.0056 12/13 (92.3%) 0.301
N1-3 17/24 (70.8%) 19/24 (79.2%)

M stage MO 12/25 (48.0%) 0.286 22/25 (88.0%) 0.315
M1 8/12 (66.7%) 9/12 (75.0%)

Histology SQ 8/16 (50.0%) 0.388 14/16 (87.5%) 0.793
AD 9/18 (50.0%) 15/18 (83.3%)
SC 2/2 (100%) 2/2 (100%)

Age <b0 years  7/10 (70.0%) 0.425 8/10 (80.0%) 0.687
=50 years 19/34 (55.9%) 29/34 (85.3%)

Sex male 20/34 (76.9%) 0.947 27/34 (73.0%) 0.177
female 6/10 (60.0%) 10/10 (100%)

Definition of abbreviations . MMP-9=matrix metalloproteinase-9 ; STR-3=stromelysin-
3 ; SQ=squamous cell carcinoma ; AD =adenocarcinoma ; SC=small cell carcinoma
*calculated by chi-square test or Fishers exact test

ngimk. 2000 ¢

1500 ¢

1000

500 | H .
| ] . *
* i
! (3
o t ]
Lung Pulmonary Normal
cancer infection control

Fig. 2. Serum concentration of MMP-9 mea-
sured by ELISA. Serum MMP-9 con-
centration was not increased in lung
cancer patients compared to patients
with pulmonary infection or control sub-
jects{p=0.382, ANOVA test).

AHp=0.382, ANOVA test) (Fig. 2). =3l
MMP-9 mRNA 9] 48 #7 W& 80 MMP-
9 FEE Aoyt YUAHMMP-9 mRNA w8 4

T, 312+£339 ng/ml, MMP-9 RNA 2d 24+
; 240+174 ng/ml) (p=0.372, Student t-test).

53] eAlxe] HAga o] Ald) feEles Fo] o
A& vAFHos YA ST F Aok 4 H
ole] 7] AtE B3 B Puaw F= YETF
ARE dFE G d8S s € Fer 7]
=)o) opdet oAl olo] gt A7t A
ATt
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Al FAYSH el Ee] 4], AT B4, A2
71del 83, B R o)lF) Fo, HolRgloflA

- 112 —



— Expression of matrix metalloproteinases-9 —

qs =, MMP& O]%
ol Alzel 714 7|ARe] 74 AE F type N
collagen, laminin, proteoglycanse] W FIj&
3 do] g BAF Bk opll = o
AR-912} HolF9lollA Ao AAw oA
2E 3 BFe 2Ee Fdehs T 9] FuE
of &A1 U}

MMP familyZ #Hlgd A= Gelatinase A
(MMP-2), Gelatinase B(MMP-9), Stromelysin-
1(MMP-3), Matrilysin(MMP-7), Stromelysin-3
(MMP-11), MT1-MMP(MMP-14) %2| g0l
BaEEd, 1 5 MMP-2, MMP-3, MMP-97}
712 type WV collagen®] 3¢} daAs]o] ¢ o
AA T3 ALE FIehe Aoz deiR| T e,

2 704 AE RT-PCR7IME mRNA 4%
oA ZHe) Eo)3t e A= 4 93, 1: 10
1079 MZEE B 7|Ee] WdzAsle AR}
ATt 1009 A% 5 Aow Qeid Aoh. Bl

ob
2
i -
o
o,

ZA 38t ARl N 8AdH mv}xl x3
Hoz 2439 MMPE
Zol o8 Azl ¢+ Z40194 AEQ AR A s}
7] olE gl o dolo] 27| BAAEA ] AL W o)
2 7 gleng B A A RT-PCRE o] &3}
AnE A nuzt sy

RT-PCR& A< 9ke] mRNA gte ZEZ& E3})
AE2E £ e THRETE 2 PolxRE gy
AES] Helle ¥ 7 BAFEC] g F 3
A, A7 A Wz ASHA oA ¢ar 7t
Ao ey wid 139 FqAfHz= 984
7Fs/dol Atk Aol B4, A3 24| 3l
7&%14 mRNA FAR}7} A A M o] g
= AF ez E—Oltﬂ Gold 4= 9loH,
o olle] M EolM Az == A9} ST
oA AFER %?‘iﬂt 39-
o] gttt

£ 0

fr o et

E AFAe H 2de] FAAEA MMP-9,
STR-3& A€lsle] 1 84S Aujrsk=dl, o]9
L4 grisiEE F EA] FolFel mRNA
Ao 3t o] WA Asdx|ojo} Fr}. nlAAE
Aol A o] WA 38 AL F& o] &3 MMP
wdo it ojA7He] A& BW, Thomas 57
£ MMP-1, -2, -9, -11, -13, -14& o] &3 "oz
2 gletd AL A 40—70%«1 HYdA LHe #
#Asl9 1, Nawrocki 5'%%= MMP-1, -2, -3, -7, -
9, -11, -14¢] g Northern blotZ3} 14-64% <]
A Ehe] Hm 53] MMP-1, -3, -7, -9, -11
o] IAARPE R oA oA 79
MMP 7} &850l Bo] mRNA $&E& #Fs) of
Hi, MMP-9, STR-37} H]i2 Ipi&Em o 3o}
Aol Atk 719 27 T& EYE o A+
Me 5 ZAAE A9t

HLZ2 ) MMP-98do] Z7t=e] e B9
of| &7} £2] etk Hivt AR, Fou) dAof
A9l MMP-9%%9} HtzAdAe] MMP-9 34
oJi} £9%7] (tumor stage) TlE Aol gide
A Az B o EfofAle] MMP-90] Al
A fEE AUA] BAR g oF xRt E Hole]
FAARAM Y F844 WF v B2 A7t 28F
Aoz BT

3 74 wHEE TollA] MMP-9o] =& Ui
B o]f= A AW MMP 7L H71%, 71984
g, A uﬂ"”:@}* *J% 2e 9% 2 =3
& Frhede O
Connor 5%9] Eiﬂ MP—97} F2 x99 o
A E, A, HEFe} e AFAENA RHE]
Atz AM Y2 & o 7 2ol x o] F/437 e
Z (acute phase protein) & 2Hgsle] 2 4d-e
AL 7FsA0) & Aog AR 5 old of
sle] golloMe) METF SFT T AT
gk AAe] dad oz FAHr

Pz AoJA] MMP-9 @dlo] Frlel 2=z Ko}
#H ot slxjol] o= MMP-99] ddo] g o)

mlo

— 113 —



-~ 8. Y. Lim, et al —

o] 7FsAE NE F v e dEy
MMP-9 @&z d=doxe] MMP-9 ddd oigl
A At ded Fleo g Az,

dA4ule] ELISA 2 &A% MMP-9 %+ 94
Az A 22 Apeol7t gigiet. AY fale] Aok
444 MMP-9 B=2& S38% A7 B4 ¥l
A Z7iEe] ok Bael xolzl glvke Bt 9l
o] dEHQ 2S¢ HE & glokn A€

txgdAolA STR-3 mRNA 43L& 2343 H1
= o7 gled, & d7dae J9 SRk §
g ¥ EEE Bt WHxA 53} HALE o]
238 7]& ATl STR-39] Hede F8 n|Es}
sHEe] HET ol ABFAE RIPowH,
Karameris 5°2 STR-37} AgAzrst w3y
(atypia) @AM oz NP8 Ldo] FT71¢
£ B3 )R} ohFe] g=d Holox -85 BX
A2par sty

STR-3& A2 718 & o Eaj) A o] ¢l
3 al-protease inhibitor, a2-antiplasmini} &
serine protease inhibitorg 7132 322 al-pro-
tease inhibitor, e2-antiplasming] ZY& Zef sk
ZyZ} neutrophil elastase, plasming Z7H|A H¥
&, AlEe] 7149 93 & tE proMMPsE&
43 AVle G8E B3 A0E dod)e Aoz o
AA 3 A}

o}e} 7o) STR-37} #Higtel AFah Holo} F83
A Dein], T2 EYY A 2 2EE 29
Eof, wigt Ade] 8¢ 342 98¢ 8 e
& AT A AET 253 ATA] o] g JEo)
o] H9 ¢ A7 S0l T AR FREEE &
4% g Aer AZEr)

AgHo s AN B o] =EEA 85,
Gz, g=Zd, 29 94 MMP-90] <3 #Ht
A FAAZ dE A, B Ayl gaxEd o
YA EE 4o® MMP-9 mRNA 2388 RT-
PCRE& ol&3ld AHHoz A% Aol E3
MMP-9 @¥idg ELISAE olgsl] AZPow

A& Ay Al A7ER S8 g TEE 5

E AY EARE AR e A T3] JEE ¢
A} sRet UxdN deA| oA RT-PCR
2 243 STR-3 mRNA 2&&-& Fakloly w7t
FAE Ao wisl AL BAA FelEpl wot
STR-3+& #Hghel g gx|x2A AME 7hsAol
Atz gt

8 %

oAl

Matrix metalloproteinase(MMP )+ A9 7|4 %
1A Ee] g3 2 g YA Tl "ol U
79, o] MMP-93 STR-37} diddlA LdE 7
S &7} vmo gz Holel d¥o] gtk BA
7tk Zxd A MMP—QS’—]' STR-39] wdo]
dote] Ad BAAZ AME 5 e AE Frlsin

i =

U

4499l H¢F A, 1999 ZdA HEF 82, 33
e ARl e AHs DTE sy
MMP-93% STR-3¢] RT-PCR-& Al3}3jg1, 83
W MMP-9 948 ELISA 2 33l v]lu 4
A

Z 1}

MMP-9¢ =eh8ia1(26/44, 59.1%) ¢} B4 d =T
(23/33, 69.7%)°1 nl&) HAZAFAR(18/19, 94.7
%YNA frefsiAl =4 S8 (p=0.018), STR-
3 HRAHR(8/19, 42.1%) 9 AF =T (20/
33, 60.6%)°1 uial FUBA(37/44, 84.1%) A
FaA A LEHAHp=0.003). MMP-9%
g FAE AlojollA Fxzd Hol7t gl F(17/24,
708%)94 gle T(3/13, 23.1%) 2t F2lskAl

= AP (p=0.005), 2 o<l T 7],
fH"0] /5, T Wi, A, Add g
MMP-93 STR-3 mRNA ¢ W@ ajol= HEEA|
gttt A 77 Y MMP-9 F59 xols B

- 114 -



— Expression of matrix metalloproteinases-9 —

A ket

d E:

RT-PCR& o]&3t wxdd dhalxZoHe] STR-
3 mRNA ¥ 34L& He] 2d B4z AR
7Fsdel A& Aoz AlaEn.

S,

&

£

(]
w

Kl

1L &85, 4&F, AEE, 249, HHe, e
S, YgollM ex vivo Model& ©]£3 MMP-99]
th3t Gabexate Mesylate IC50¢} 28 & 214}
2 A mdd A28, EeekElA] 2000;32:7-
18

2. Nelson AR, Fingleton B, Rothenberg ML,
Matrisian LM. Matrix metalloproteinases © biolog-
ic activity and clinical implications. J Clin Oncol
2000,18:1135-49

3. Nagase H, Woessner JF Jr. Matrix metal-
loproteinase. J Biol Chem 1999,274:21491-4

4. Kodate M, Kasai T, Hashimoto H, Yasumoto K,
Iwata Y, Manabe H. Expression of matrix
metalloproteinase(gelatinase) in T1 adenocar-
cinoma of the lung. Pathol Int 1997,47.461-9

5. Ylisirnio S, Hoyhtya M, Turpeenniemi-Hujanen
T. Serum matrix metalloproteinases -2, -9 and
tissue inhibitor of metalloproteinases -1, -2 in
ling cancer TIMP-1 as a prognostic marker.
Anticancer Res 2000,20:1311-6

6. Karameris A, Panagou P, Tsilalis T, Bouros D.
Association of expression of metalloproteinases
and their inhibitors with the metastatic potential
of squamous—cell lung carcinomas © a molecular
and immunchistochemical study. Am J Respir
Crit Care Med 1997,156:1930-6

7. Delebecq TJ, Porte H, Zerimech F, Copin MC,
Gouyer V, Dacquembronne E, et al. Overexpres-
sion level of stromelysin 3 is related to the lymph

node involvement in non-small cell lung cancer.
Clin Cancer Res 2000,6:1086-92

8. Farias E, Ranuncolo S, Cresta C, Specterman S,
Armanasco E, Varela M, et al. Plasma metal-
loproteinase activity is enhanced in the euglobulin
fraction of breast and lung cancer patients. Int J
Cancer 2000,89:389-94

9. Baker T, Tickle S, Wasan H, Docherty A,
Isenbrg D, Waxman J. Serum metalloproteinases
and their inhibitors : markers for malignant po-
tential. Br J Cancer 1994,70:506-12

10. Yonemura Y, Fujmura T, Ninomiya I, Kim BS,
Bandou E, Sawa T, et al. Prediction of peritoneal
micrometastasis by peritoneal lavaged cytology
and reverse transcriptase-polymerase chain reac-
tion for matrix metalloprotenase-7 mRNA. Clin
Cancer Res 2001,7:1647-563

11. Liotta LA. Tumor invasion and metastases-role
of the extracellular matrix : Rhoads Memorial
Award lecure. Cancer Res 1986,;46:1-7

12. Fidler 1J. Chaper 7. Molecular biology of cancer:
Invasion and metastasis. In: DeVita VT, Hell-
man S, Rosenberg SA, editors. Cancer | Princi~
ples and practice of oncology. 5th ed. Philadel~
phia © Lippincott-Raven, Inc ; 1997 p.135-62

13. Zucker S, Lysik RM, Zarrabi MH, Moll U. M (r}
92,000 type IV collagenase is increased in plasma
of patients with colon cancer and breast cancer.
Cancer Res 1993,53:140-6

14. De Luca A, Pignata S, Casamassimi A, D" Anto-
nio A, Gridelli C, Rossi A, et al. Detection of cir-
culating tumor cells in carcinoma patients by a
novel epidermal growth factor receptor reverse
transeription-PCR assay. Clin Cancer Res 2000,
6:1439-44

15. 74 8, |94, AHE, ALY, Adwe, %

T, AdeA FRA-FPEL AfTE-E o

Y

- 115 -



—S.Y.Lim, et al —

H2EY | v ol HE dELEIA
2000,32:304-11

16. Bostick PJ, Chatterjee S, Chi DD, Huynh KT,
Giuliano AE, Cote R et al. Limitations of specific
reverse-transcriptase polymerase chain reaction
markers in the detection of metastases in the
Iymph nodes and blood of breast.cancer patients.
J Clin Oncol 1998,16:2632-40

17. 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

18. Nawrocki B, Polette M, Marchand V, Monteau

M, gallery P, Tournier JM et al. Expression of
matrix metalloproteinases and their inhibitors in
human bronchopulmonary carcinomas . quanti-
ficative and morphological analyses. Int J Cancer
1997;72:556-64

19. Lisaza T, Fujisawa T, Suzuki M, Motohashi S,
Yasufuku K, Yasukawa T, Baba M, Shiba M. El-
evated levels of circulating plasma matrix
metalloproteinase 9 in non-small cell lung cancer
patients. Clin Cancer Res 1999,5:149-53

20. O, Connor CM, FitzGerald MX. Matrix metal-
loproteases and lung disease. Thorax 1994,49:
602-9

— 116 —



