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The Relationship between Plasminogen Acti- ther study is recommended to reveal its significance as an

vator Inhibitor-1 and Bone Marrow Microme- independent prognstic factor for breast cancer. (J Korean
. Surg Soc 2001;61:373-378)
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Purpose: Plasminogen Activator Inhibitor-1 (PAI-1) is the Departments of General Surgery and 'Clinical Pathology,
principal physiological urokinase-type plasminogen activator Chonnam National University, College of Medicine, Gwangju,
and is thought to regulate the overall invasive and me- Korea

tastatic behaviors of cancer cells. Although the occurrence
of bone marrow micrometastases is an independent prog-
nostic factor in breast cancer, its pathomechanism is not yet

fully revealed until. We hypothesize that PAI-1 has a major M =

role in the development of bone marrow micrometastases in

breast cancer. Accordingly, we attempted to establish a e AT T M Fa3 A F9 s Aol
correlation between PAI-1 activity in tumor tissues and bone w= Aty Bz AESHA ol2E Folslo] At 1
marrow micrometastases in breast cancer. Additionally, we AT FohI7 ) AR XE2ge AU F g
studied the relationship between PAI-1 level and selected U ke Zoldh A4 993} Aol Baeh 7] 9

clinicopathological characteristics such as tumor size, lymph B ;‘_ = Tol Balol 22 sl ol
node metastases, and steroid receptor positivity. M olFolAw o] AAF AL 82 LT T2 o

Methods: we used the RT-PCR targeing mRNA of @& & 222 ZHFHa vk AEe)714 ] Tl o

cytokeratin 19 to detect bone marrow micrometastases and 2] e a s AAe] AgE gl el o] FolA|H
an ELISA kit to estimate PAI-1 activity in frozen tumor plasminogen ¥4 3}2] wrokinase pathwayol] 2|38} plasmin -f-
tissues. 2], matrix metalloproteases, T} extracellular proteases “5-©]

Results: (1) The median PAI-1 level was 13.55 ng/ml=+
16.38 in the cases with bone marrow metastases, and 6.02
ng/ml+10.85 in the cases without bone marrow microme-

FLodglkr}. Urokinase-type plasminogen activator (u-PA)S} o]
59 84, gl o529 A A|(plasminogen activator

tastases. The difference was statistically significant (p-value= inhibitor-1 : PAI-1)E2 5 plasminogeno] A& &l (Fibri-
0.0165). (2) PAI-1 levels did not show any significant differ- nolysis) ZHgol| Al FEZAQ & 3= A4Q] plasmine
ences according to lymph node status, variation of tumor size 29 A3 E zAst=d Fostzm k() Plasmind
or the expression status of the steroid receptors. type IV collagenase, gelatinase, stromelysin 53} 7S o] 2

Conclusion: PAI-1 is considered to have a role to hema-

v} matrix prometalloproteinase 58 Ao g nlito] F
togenous metastases of breast cancer cells. However, fur-

t}. Plasminogen activator®] 4L 52| Eo|F A A
549 PAL1F} PAI2E) o3 HAHor =2dd HT

= ES - -19] 2= A= &
A L S, BEFAA BT % 15 9UA g1 SHE T uPAS} PALLS X7F 252 ol ¥
© 501-757, Adiga Y 27 HHH e Bigoe] k@)
Tel: 062-220-6456, Fax: 062-227-1632 Plasmin& ®E3l laminin, fibronectin, type IV collagenE &
E-mail: jhyoon@chonnam.ac.kr TAE A EMELS Bl single chain u-PAS L

A=l 12001 89 2291, AlAL=el : 20011 109 112 N . .
& : i 2 BA)E 0 - % 3 2ASC
2 QdTERe 20004% AU JadTe a7 A9e S0 o two chain vPAR HRARIH. ofFR £43

Hlo} o] o)zl 79l u-PA%} PAL-1o] Feke] Hadt AololA Fo3k A&
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geslelehs 8 d%e ol wek

AFAA] Bo] oo FpzA PALIS &
Aol chopdt TGN BT B o5} B
Arkan elA 9lov] PALIo] FopAES] A6t Bt
Qo] GFH T BolRrks A2HIE Qrh 4
Sl PALLo] AF71A izl mAH clFelashs
£2 59 4R dFeldets Rast gor @) 4
G Aol A% PALLS AHH 02 FPfrol B
ofdhch el Qrh(l) etk PALIS] AEA Aol
e BAlgle]l ASARE A4 BE & A& o7
Sgere] Bk Fo3 Aolguldl YRl oj
& & 4RAL AT ol2e RolHAol HYH o2 of
& ¥ sk 7] PR EE Holohs JBeE
el 3ol ol3t AR1A Sol it BRI o] Fol

4

T
iE 1Sl

AA Feha ek whebal B ATAE SRtz elA
o] PALL &3 flell A9l 24 mlAldeloke] ol
4

& Ao A PALL 2alo] A4 AAH| | ababa
oA ol o3 AAT YA Helela o 4
29 QA5 olMet DAL AT JEAE 2
34 shede.
TR
1) T

Aduietad g ool guletes Awn X
° UAE F eEde] AQEAzA ] & HEH
owlA 24ulARoldl gk Aol o] FoiA 527 3
Asg dgez sl

Fopl PAL1S] Q14 oJu % Helsiy] A% A4
24 §Uskel g F0% Aoldejel YA Holdl A
3l Aot = Aol 4 W PP Aol Fo ol
QA FpulAge] §5o HE 242 F el 1 9
A7, 7ol d, Foke] 2], 2ulzol = F8A WS
¥ 5o qlauel s Arhgel whE 52 oA ulws)
e

H&E 44 Eelo] Bakelolet.

@ AHZO0|E +27 Wil Bah WelzA3jeta o4
e ol gl Tul g4 BAHE Aokl 10% o]l
2k AESo] FHUAL Holl F9o] 582 FHo
= Berelgleh

() ZROMFO0| B Aol A4 2545 S92
% % g Acklld FTRRE FTEAANE ol el
o 10 ml g AP ow] FULAL] F5 A
o] o RZ #elel7] glete] the3t 7S RT-PCR 9y

= o] &3t

O MCF-7 M|ZFQ| Hjn} oot SX2REQ =
8, 2o 2 o283 human mammary cell line@l MC
F-7 A)E(ATCC HTB22)Z 10% FBS7} 385 RPMI 1640
WA GA wFlGE. TElm el BAERE A
-+ Ficoll/HypaqueE £3F YA1E2] & interphase2] Al
Erg Faiel B

@ RNA ZFZ; RPMI 1640w 7] ol] 4] ulj o2&l MCF-7 A
5 450xgo 2 AAEE S 3 FBSE AlXeldct 45
% 94 1,030xgo & 5§ YT F AER A
Y2 buffy cond 713 A Y HUTE RBC
lysis buffer (0.15 mol/L ammonium chloride, 0.01 mol/L po-
tassium bicarbonate, 0.1 mol/L edathamil)g& 7}&fo] 1057+
EE0o] Ea|A AT} Trypan blue exclusion WO 2 A E
o A9t AEES Ak WEhlA L Aube] AE
E 500 £12] (4 mol/L-guanidine-isothiocyanate, 0.5% Sarkosyl,
25 mmol/L sodium citrate, pH 7.0)Z} 0.1 mol/L 2-mercapto-
ethanolol] F-F-A17] o} —70°C ol|A] WEAZh 283
A|ZE =3 phenol/chloroform/isoamyl alcohol & e8]l
95% ethanol®} 3 mol/L sodium acetate (pH 5.2)& #HAH-S
AR AR

@ AXA} HEZ; 10 £19] RNA, 4.25 19] DEPC H,0, 0.5
£12] random primerE 4jo] 70°Cel| 4] 1087} vl-2A]7] =
d9ol] 2370 WA AL ol7]el 159 dNTP, 05 1]
RNasin, 5 ¢12] 5Xreaction buffer, 2.5 £1¢] 100 mmol di-
thiothreitol, 1 12] MMLVE 7}s}o] 42°Col|A] 1A]7F BF-S
2713 70°Cef] 108-7F WA]sle] vb-g-& whxlch.

@ ZEtgAAMEI20| 28t Keratin 19 DNAS| EXE;
Perkin Elmer (GeneAmp PCR system 9600)S- o]-g&3}o] 4
Alstgde}h. Two step PCR-E A|38s}7] 9lslo] 1242] primer
AB (5’-AAGCTAACCATGCAGAACCTCAACGACCGC-3’,
5-TTATTGGCAGGTCAGGAGAAGAGCC-3")¢} 14429 nested
primer C.D (5’-TCCCGCGACTACAGCCACTACTACACG-
ACC-3",5-CGCGACTTGATGTCCATGAGCCGCTGGTAC-
)& PAsAe,

12} PCR< ¢DNA 5 ploll Z+ZF 10 mmol Tris-HCl (pH
8.3), 50 mmol KCI, 0.001% (w/v) gelatin, 200 gmol dNTP,
50 mmol MgCL¢} primer A,B Zg|x 125 U taq DNA
polymerase & 7Fsto] F 25 pulg HE|3F ¥ 7| EH o o
9 3HAIE 3557 HbEdo 24 DNAE FHA|Zth
Denaturation §FA]+= 95°Cef| 4] 502, Annealing¥} Polymeri-
zation §HA|E= 72°CellA] 28 30%7F A|8s}al polymeriza-
tong 3] $1%7] SAshol 919 355719 vhAek 7]
SlAlE TCAIA 1037 WS AT o] B %
L EgtolZo A 1 plekS A-E3lo] 10 mmol Tris-HCl (pH
8.3), 50 mmol KCl, 0.001% (w/v) gelatin, 200 zmol dNTP,
MgCL¢} nested primer C, D 2] 1.25 U taq DNA poly-
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merase® 7hele] % 25,19 ERISNS FHlek 5 24
PCRY] 35%7] W$-S Welgleh whgo] B ¥ 4 4l

o Hke Tl F 12 ulE #lo] 1%2] agarose gelol]A]
loadings}$3t}. o]ul] low range DNA size standard 2 ¢1745
Hae I Z3c) 23 80Ve] YA HgtollA] 1A7F
& A719EE AAIRE vhg A AGellA] o]E3 DNA
bandE- Ethidium bromide Aol 2]slo] z}e] A FA| 7|4
ol|4] & +}3L UV photographic apparatus (polaroid, camb-
ridge, MA)E o] &3lo] AX& At 183 hzF o=
4174 %] MCF Aol 48} 7Fo] 745 bpollA] €] band7} <
g oAlE EFUATL A AR ksl ch(Fig. ).

4) PAI-1 A

© AHAQ Bz A=
z7, AR B A4 ES AAT F HAFLFl
HRse] ¥ ol T o] &aheirh

@ CytosolO|M PAI-1 M2f

1) Cytosol2| H|Z}: W5 E HAAE 4°C BA-AolA
HAANEE 05~1.0 mm B2 F7|& A AL by 5
ml homogenization buffer (1 mM monothioglycerol, 0.01M
Tris base, 5.00 mM Sod. molybdate, 1.50 mM EDTA, pH
74, £C)% 7}slar vlzAlel|4] HomogenizerE o]-&, 18,000
rpmol| ] 527k upaligh ¥ 3027t FAshE WHOE 4~5
270 vkl 3 o 2YARSE o4 £CsholA 100,000
g2 147 AAs}e] 1 4Rl Reloisieh

L) EME M2 CyiosolHe] Thd HeS BioRad
protein assay'l & o] aho] A syshlel.

c) PAI-1 M2k BiopolZFE 3 ELISA (enzyme-
linked immnosorbent assay) kit (TintElize PAI-1, sweden)E&
o|-gzlo] FAslct olw) Fe] FEES N-well (co-
ded blue)@} A-well (coded yellow-green) o] *7}s}m N-
welloll&= well pEHol] FA4% PAI-l EFE2AA ST

745 bp =

s 48 |
Rl Tt mm

gl 030 AlLGs L Gl TR g e
C*: control

Fig. 1. RT-PCR results of bone marrows; Cases (3 and 5) showing
the same as 745 bp band appeared in the control (MCF-7
cell) can be diagnosed into the cases with bone marrow
micrometastases.

non-related structuresS-2 7#'FglF 234 3}A|(non-immune
antibodies)7} =% —(‘5}‘3,\3 I _51__4‘ o] ATAL Ao

A A skl HE PAI 1 gFHek2 cytosolgh$] ghul ekol] off
3k PAI-19] oF-2 microtest plate-spectrophotometeri 492 nm
o[ 4] 9] absorbanceE ¢]o] ng/mg proteine. & A4 &t}

(5) EAE AHZ: Mann-Whitney U ¥=3= Wilcoxon Rank-
Sum test o] §3191.0.7 p<0.05 Aol FAAY 2]
ECEE R

| ot

=27 31} PAI-1 >‘<]v‘:- # 4= 0.21 ng/ml protein, 3] ] 70.09
ng/ml protein@G vl 4 AFHFol] w}E PAI-1X]2] X}o]o]
55 FelsiadAnt 40*41'5 1o 2 A3 A3t 29 gl
+ Aol & HolA] kgt #|7 of Fooll whE PAI-1%] 9] ]
spollA % A #H7d A} A7 FellA e o9 e Aol
89 5 sick(Table 1). Heo| el FHH PAIL-
X FFAolE Hel F9 HFX 13.55 ng/ml protein7}
FAol7E AW 2] 6.02 ng/ml proteinel] W3 F A%
o7 999 AolE HYPAuHp value=0.0165), =LA
Mol §-3ol] W Aol GlglekTable 2). Ekza7lol
€ PALIX = ¢ 277t ARSFE FoAe A=
Hol7l& aFA A FAE 2lol= flgitkTable 3).

ZH| 2ol 82 B G-F9o] FAlfAHE o AER
A FEAe) ZRA2HE FEA B4 AW
7357k A 7ol nlsl PALIA 7} vk 2 A

& Hol7|&= sARE SAIAQ 2olE Ylck(Table 4).

Table 1. Mean PAI-1 levels in relation to clinical parameters

Clinical parameter Mean PAI-1 level p-value
Age (years)

<40 4.85+3.83

=40 8.41+14.48 p>0.1
Menopause

Yes 9.38+14.44

No 6.84+11.73 p>0.1

Table 2. Mean PAI-1 level in relation to metastatic pattern

Metastases
Site
Yes No p-value
Bone marrow 13.55+16.38 6.02+10.85 0.0165
Lymph node 6.621t10.5 7.631+13.2 0.4445
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Table 3. PAI-1 level in relation to tumor staging

Stage PAI-1 level p-value
Tl 3.2613.19
T2 7.821+12.6 >0.1
T3 9.52*15.8

Table 4. PAI-1 level in relation to steroid receptor expression

Expression
Steroid receptor

Positive Negative p-value

Estrogen receptor 4.11%327 632568 0473

Progesteron receptor 5.29+385 6.34*6.1 0.959

i &

Fulel 2905 43 UAMIE Yot 4
o] HH AN G FEEES L 5t of
% Avlol Qek. olEe $H oA GHIEES Yz

BAol A Fesieha iR SURHELS £ A £
A0l S didsly Q= A7) urokinase-type plas-
minogen activator (uPA)o]™ o] A9 AL ZAdx
9 skl g o A A| £ plasminogen activator inhibitor type
1 (PAI-1)3} type 2 (PAI-2)7} Yt}

PAL-1 379 opm|icfto R AN grhlo R Ql7lollA
tPAS} uPA2] F o3t AJelF A Ao|ct. 53] PAI-1¢] A
Zxworhy chlis) B4 AAE FAAIZ A
HA ¢k wPAE AEXHOE A £ATE Vlee H
I deE & u FAIEY ARHE A4 aElx
Holss 243t ek A= L irh.(4) Cytosols o]
£-}0] urokinase?} tissue-type plasminogen activators 3] =L
inhibitor5-& 74 A FA3A sl EAHES Gre-
benschikov 5(5)oll &3l WX Y=l £ A2 £4
HE 2 WS &-83F ELISA kitE o] &3lo] FA 33t

St 2 Aol 4] A PALL S LAl oz}
zZF4 2} Sweep S(6)2 XA 049 ng/ml, 3 3.89
ng/mlE B 313kd] v]slo] de Witte S(7)-2 Z]#] 0.14 ng/
ml, 23 48.62 ng/ml protein® 2 X 73}9] 31 Pierga 5=
##] 0.5 ng/ml, 23 68 ng/mg proteino| ot 3}¢d ). o]
o] v]sl] Kute 5(8)2 0~9.16 interim units/mg protein {3
ol FFX| 114, T4 0728 Hslgich B odolA
= # A 0.21 ng/ml protein, 2] 3 70.09 ng/ml protein. o Z A

Pierga®] HuX|¢} fAsdch A4 AF7HA Has
PAI-1 X5 A-8-5 & ELISA kit®] ¢xll7} ol F&bulct
tExy 2A3EE] FHHACAE A E = T
o] glo] A7l v} o]H % o]z} i = Hholl FUS
t}. Sweep S(6)2 AEsk A& 9 el A+ external quality
assuarance (QA)7} I I g3lvla FAksla o] 3 7|5
o] Ao g APAT AAE PAI-1S] Z-5 Al 42.1%0l
A 191%% Y9 ¢ doka sk w3 PALl AEAAL
7} A ZA (cytosol)ol| 4] o] Foi X1 o] =UA4Ee] 3 o]
A ZRZA FEEANA SRR AR f dFAAEA €]
ogulE o 7HAR foka Hasigich(7) whekA 2 oA
oAl A% PAI-1 FA42 cytosolFEEollA] o] Folzlow ]
323 A 57t =3 deg BEHslEoe] 9+ ELISA kit
o]-&3F PAI-l A5 AE3qlch PALIX7L FAE4
oFAAZ el A Hpo|7} Qlvke HAlE Fersis (9l 9]zl
WA o] Fol ek F, FA FEES FAE HT 128
ng/mgQld] vlste] oFAJEFell A= 8.6 ng/mgo| ki H
sebelA AEHQ clFQIAEe A EA Hol,
o =), 517 o ek PALL $9k €9 Q= AT S
BolA) glol PALIS] 5UHQl ¥R 247 5 3]
ogg} FAslgirl. Sumiyoshi 5(10)S -F-Hbobz2 ol A 2]
PAIL 31207h A ER AFAFOIA Bt B 54
HHee BE AN =A Mok AANG
% 4270 27185 9ee wasiich o2l PALLe)

£2 dFARA 43 giehng ok A7t ol %
oJZ =l Kute 5(8)2 HZAA07} gle FH A=
= S E cathepsin D&} 7| 7 E3F A3} Fopx] Kt

H 4e PALINE Holt A sdul APLE13%)] T
2 799 AEED vl8l A5 Aol YL W
asiget.

Janicke 5-(1)% F%3FZEoll 3k ELISA 4o 7
g A3 £ PALIAZL Bk ool Ulg S Aol
2 on] g AR Raslsich

Grondahl 5()& YZAAe] FAATE IO oy-
tosol FEollA FAste] Hasigl=vl] 9A PALITH
o muA e Mol TolA o Fe T AET AAYE
= B3va siglom ol#gt £ #HIF F FHAbellA]
Avstoekn stk mekd PALIS s)7 & ghaollA
AZT} BSR4 AT} D 5 Yok FAs
k.

olo]] B]&l Thomssen 5(I12)2 N2 ZAH Ho] 249l
Subetell ] wzstsanie] We sl AWTL A7
3= Qo] cathepsin-LZ} &7 PAI-10] FQ3t AA Nz}
7F = 4 duba 819}, Foekens 5(13) <A PAI-1X]7}
QA dolol ol BAlglel Fdo Hol5g oAY 4
S+ 2lA}o]| ™ metastases-related protease uPA 3 cathepsin
D&} &= AAB{AE 7HA 3 ek shgich. Grondahl (3)
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off sl ofel I E QALFoll 9l Afe] A9
FFo g BEErou dujglE PAI-1 X7} 0.8 interim
units/mg protein} vl FL A, B 7 -F-oll vl Ao
A ARE7F 2200 v E9kvka Haslgich o] %
PAI-10] 7]&9] 4 A of 14w el

A QIAET]E SHAE IRE F AE dFUAE
%9 st & g vk A2 o] Hatdl] o) A3
A8E F URANE Fad w3t V1A AnE Fo%
oAl Izt E AelwiZl & 4 e Aol ozt AL et
3| o] Fo| A A Fsqiet.

53] 2T 5ol 2 9wy}t B4 FFu|AF o9k PAL-
18] Aol i3k A o} o] Fo|A| A ¢ka et
upgba] B AT g ZA Aol Y] AR o] &
oJAw gk Mol 7hg Fo3 HE F sl ¥
WAoo Fokll PAL-l FAHXE nlaste] Fhel PAI-1
o] frbtel HoldelolA AAAoE ojudt AW
7FA A heA Elskazt gk Aol

Knoop 5(I4)2 PAI-l1o] F<ke| =7], o|&A 9
ZH|Zo|E F&A| e, Aol E‘iéi N T2 A
AE 7R glem 55 75 AAAE st
e 29 glent, maafLe c-@ﬂqﬂ = #Ho] ki
i} o]ul} cut-off pointZE AR E PAI-19] o)X+ 11.1
ng/mg proteino] AT},

=

a3t °]X}7P HojAckar sk
AEE dlZsiirl 4 oo 9l oAl Aok o
R 10g -rank EA7AZ0| 98] PAI-19] A& cut-off
pointE- 14 ng/mg o 2 A3} t}. Thomssen(12) SA| &
ARl SABAZE e WAUTS EhhE AT
/ﬂ PAL-1 X7} 14 ng/ml ©]4<l -5 7k Fa3k 1A
%9 shugle Harsgich

oE% mAUTY A A HAR 14 ngmivhs 4
v B dFellA el <FATellA S PALL QI
1355 ngmloll 7S] ANk wheby A g AAH
o & dI&sle A e A 18T VERE 9A
2419 PALLY Juli A% B47ole) ikElol gk
Aog =

Tk sholl Al PAL-19] oJu]ol] tslo]= o2l A3}
obz#] 7et v I El e AAETS ARl o
A= obF] 43k A7lo] o] Fo{AA] Fkar ghrk. Knoop
FUHe 7, A7 ol F%] 2ol W PALIAY
ol Ao, BIAE, 2HRolE FEAe] W,
AT ARl AE, A5 P foiel uhE PALLS E
AFQ Apol7t Adg& Harskglch o vl de Witte 5
()] BaeA PALL 4% ol A7 4, 9=
Aol o] Fek= BATE Aot T A7 AL

ool H]&ll Harbeck -(15)2 chil® 45 sk} PAI-
17} 240 o7t AAAYEE S AARsh=dl M T
EYy Bl &

= 2 T

PAI-1 X7} =941 32
Jos ehdeh.

Grondahl Hansen S-(3)& #H|7dof¥lof] uwle} HFslmA
7% e }% I PALIFA 9] AR S FHE
st HAA el A e A%, PR 2E, f=ZA4 A
oloj Rofl A= ou] Gl Kol E HolA gFARF ER W
3 FEA7el wmE Aole o7t Ak sgich
ololl nlel H74 ¥ Fhetell A= ER, PR & {50l Ant
o9 g AolE Hvkar sttt

B AFolAE dF B AT, F% 27, 2HE

slel FU) 271k T AL Al s
el el
],

o[ $8A FF, Tela YL AHe] §F S} PALLY)
BagE wmsich A% F99 2 FAUGE
wE sEzelE F8A WHo] YEFF PALL F7H
FolAt A% AL 5 Aglont BANY et gl
sleh. meba wet g Felse) Hush @ Jlek
P AR AR A AF 37
el Qlvh A% Bey Aoz ke

e B

Ttz A ol ZAH PALL X9} EFu|AF o] 3
of| 3o} Fadl el e FHAE AT
of thgt 2 ARE °é91v}

) Aol & Hel oA 9] PAI-l X & 13.55
ng/ml+16.38, F5 u]xﬂ%iolﬂ @l TollA 9] PALL 3
& 602 ng/ml+ 108584 EAIH g o9 9l xo]&
1.9 th(p-value=0.0165).

2) A", AR AR, dZA Aol 7, T4 A7, £~
HlZo]= 8 Walo] kAol il g PALl X & &
AF o2 ojuldt AR E HolA gFgkrh.

AEA o E FikzA oA FAH PAL X & FUY
o = UIKMOI YA APAE 7FA T 9dom 19| o
"‘g}. _‘,]_a;}g] }.;5—1]?‘ %]A]—Hﬂa]‘é‘l o]x}.,__,,}‘,] o:];,}x-ld]
tste] = iv} B Sl HHo uE Ay Fad A
o & A7tE 9l
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