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The Relationship between Plasminogen Acti-
vator Inhibitor-1 and Bone Marrow Microme-
tastases in Breast Cancer

Jung Han Yoon, M.D., Young Jong Jaegal, M.D. and
Soon Pal Suh, MD.'

Departments of General Surgery and "Clinical Pathology,
Chonnam National University, College of Medicine, Gwangju,
Korea

Purpose: Plasminogen Activator Inhibitor-1 (PAI-1) is the
principal physiological urokinase-type plasminogen activator
and is thought to regulate the overall invasive and me-
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
role in the development of bone marrow micrometastases in
breast cancer. Accordingly, we attempted to establish a
correlation between PAI-1 activity in tumor tissues and bone
marrow micrometastases in breast cancer. Additionally, we
studied the relationship between PAI-1 level and selected
clinicopathological characteristics such as tumor size, lymph
node metastases, and steroid receptor positivity.
Methods: we used the RT-PCR targeting mRNA of
cytokeratin 19 to detect bone marrow micrometastases and
an ELISA kit to estimate PAI-1 activity in frozen tumor
tissues.

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-
tastases. The difference was statistically significant (p-value=
0.0165). (2) PAI-1 levels did not show any significant differ-
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ences according to lymph node status, variation of tumor size
or the expression status of the steroid receptors.

Conclusion: PAI-1 is considered to have a role to hema-
togenous metastases of breast cancer cells. However, further
study is recommended to reveal its significance as an
independent prognstic factor for breast cancer. (Journal of
Korean Breast Cancer Society 2001;4:192-197)
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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
WAelA okl Telm Sl BAZRE ARG
-+ Ficoll/HypaqueE £3F YA1E2] & interphase2] Al
Erg Faiel B

@ RNA F=Z; RPMI 16408 A ol A] vljek3l MCF-7 A%
5 450xgo 2 AAEE S 3 FBSE AlXeldct 45
% 94 1,030xgo & 5§ YT F AER A
Ho2 buffy coats F7]3 EN Y HEFE 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] =
1o 2270 WA AL} oi7le] 15¢] 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] $1%7] SAshol 919 355719 vhAek 7]
SlAle T2°ColAl 1087 WAL ol Bk ¥ b
L EgtolZo A 1 plekS A-E3lo] 10 mmol Tris-HCl (pH
8.3), 50 mmol KCl, 0.001% (w/v) gelatin, 200 zmol dNTP,
MgCL¢} nested primer C, D 2] 1.25 U taq DNA poly-
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merase® 7hele] % 25,19 ERISNS FHlek 5 24
PCRY] 35%7] W$-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 structuresE ¥ 834 &A|(non-immune
antibodies)7} S{EEE s} HAQ A 2L
A A skl HE PAI-l 3ek2 cytosolghg] ghel ekol] o)

Sl PAI-12] ¢F2 microtest plate-spectrophotometer 2 492 nm
o] 4] 9] absorbanceE ¢]o] ng/mg protein®. . A& s9ir}.

(5) EAAN AZB: Mann-Whitney U T+ Wilcoxon Rank-
Sum testE o] &3}dom p<0.05Q] Aol EAAQ 9]¢

7k gleka a4l
E o}

ZA A3} PAI-1 X]l“— %4 0.21 ng/ml protein, Z tf 70.09
ng/ml proteinth. -4 <A@ Fol] wE PAI-1X]2] X}o]o]
R S NS B B Ak 18l 3
= Aol Z wolA] eigtr). sioi el wHE PALIX| Wl
sell A A 87 Az A7 FolAe ole] 9= Hol
gholg = glolvh(Table 1). Ao] e} A==l PAI-I
= F5AolE Hol F9 HHFX 13.55 ng/ml proteinZ}
TFAo17F 1 F-2] 6.02 ng/ml proteinol] Bl &l EA|Z]
°i e AolE HJARp value=0.0165), 7=A
Aol fitoll & Kol §lgith(Table 2). FFA 7| vt
€ PALIX = ¢ 277t ARSFE FoAe A=
Hol7l& &AW 9A] AR 2o= qloivKTable 3).
2H| 2ol = F&A G0k BAlA = lLER
A FEAL ZRALHE FEA BrellA 4w
d-57h FAHE e Aol vl PALIX7} vk F& 73
o Hol7l= stAmt SAHY oo+ ui‘%iﬁ‘r(Table 4).

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

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

<40 485+3.83

=40 8.41114.48 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 &

Fuel 2oz Aad UARClE doslE §3
el 5L A Yk FEEES ook Sz of
Z sl gk oleld FHOEA GATES YTH
ojuf R 2w Foi7t HAA s Zlolrh olefdt
HgellA Foelvka AR Sl EELE T 7 T

A9l g Tdslx Q= F 47} urokinase-type plas-
minogen activator (uPA)o|u] o] 49| FAE ZAHsx
A whil g 4o A A| & plasminogen activator inhibitor type
1 (PAI-1)3} type 2 (PAI-2)7} Yt}

TxHo g iy chila &4 AAE FAAT L A
HA %2 wPAE AlZFHOE A 3= Ve s
P deE & ull SAIES ARE A4 el
Holss 243t ek A= L irh.(4) Cytosols o]
£-3}o] urokinase®} tissue-type plasminogen activators % L
inhibitor5-& 774 A FAEA she FAHEL Gre-
benschikov 5(5)oll &3l WX Y=l £ A2 £4
HE 2 S &&3F ELISA kitE o] &3lo] ZAslqlch

Fkek 264 FA == PALl X Bzl uhg}
zZF4 2} Sweep S(6)2 XA 049 ng/ml, 3 3.89
ng/mlE H.3kd] v]slo] de Witte (7)) ] 0.14 ng/
ml, 33 48.62 ng/ml protein® & X 73}9J 3 Pierga 5
##] 0.5 ng/ml, 3 68 ng/mg proteino| ot 3}¢g ). o]
o] v]&l] Kute 5-(8)2 0~9.16 interim units/mg protein 3~
ojm A 114, T4A) 0.728 Husgch & odT-oll A
= # A 0.21 ng/ml protein, 2] 3 70.09 ng/ml protein. o A

Pierga®] HuX|¢} fAsdck A4 AF7HA Has
PAI-1 %] 59 A& ELISA kit®] 3|7} od2jujck
dEn 2d3EEe] FungelAE dNEE A
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] ARo g AFAT AXRE PALLS] 75 2o 42.1%0]]
A 191%2 29 5 drka sk w3k PAI-1 AEA 4
7k AE A eytosolell A o] 50171 Zo] 2L Ae] ¥ olo]
A RAA 32N 48 Anet o el FegzAe
oulE o 7RA A vk Hasiieh(7) whebA] B A
olA% PAI-1 742 cytosolFFzoll4] o] FojFl o n
a2 Ag=rt 3 ode] BskEe] gl ELISA kits:
o83 PALL 24& AEssich. PALIAFL bdEed
oFAAZ el A Hpo|7} Qlrke HAlE Fersis (9l 9]zl
WA o] Fol ek F, FA FEES FAE HT 128
ng/mgolell Hvlste] oA F kel A& 8.6 ng/mgo| et B
TRA AEAL clFAREE Aoz Ao, F
o] z7], A7 o F-¢F PALL X9 9]¢ Qe AMA &
BolA so} PALlo] S#Hel |FUAZ 845 9
ogla} ZAslodel. Sumiyoshi S-(10)S SHlekz2 ol 4] 9
PALL G147 FAERA A HAFOA Bek A 54
Hee B FUGUHAAE Q=4 Holrp AP
5 FX7F Z7kE A 8-S Hasigith o|#gk PAI-19]
£8 ol FAATA AF oA s AT} o] %
oI HEHl Kue $© Ao} gl fuet 95
= S E cathepsin D&} §AA| &3 AF} Fohx] Kt
U

=z

U 22 PALIAE Hole A% Sl APEE13%)e] H
ET 737 AEEGA%) vlel D53 Zo] Jge H
sl

Janicke (1) & FF3FZEo| gt ELISA 3o g 7]
AR AT BE PALIATL Bekdl ol ol v Sl
2 u] e dAgE Hasigid

Grondahl S(3)2 HZAHo] FILAEE HEoE oy-
tosol 354 ZAslo] HaslglEdl A PALISX
o muA e Mol TolA o FE FHAET AAYE
S Berkn siglon oljd £AS A7 = Aol
Avstoekn stk mekd PALIS s)7 & ghaollA
QZs} BAE S TRt W 5 gdekn Ak}
St

ololl H]e} Thomssen 5-(12)2 HHZA o] FAI<
Sgold mzsstarlel de flE ANYTEL A4
sl Qo] cathepsin-LE} $H7A] PAI-1o] F Q73 ZAA Iz}
7} = 4 duba 819}, Foekens 5(13) <A PAI-1X]7}
W2 Aoleliol] rAgle] Fodel Aelse AT F
)= QlAlo]v] metastases-related protease uPA 3l cathepsin
DS} & 4RAAZ 7143 ek 231k Grondahl 53)
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off oJsli ofet ol el e QApEell o) Aol A9
FFo g BEErod dujglE PAI-1 X7} 0.8 interim
units/mg proteink v} =& 7, W 73-F-oll vl Ae]
Ao 9ok 200 o Esreln wasisich olg%
PAL-Lo] 7129] Skeitl ole] Qlaelshd wi BAAE
o4 QA SRdew ARY 4 e oA
Fol shlsl 9 4 slebe A ole] Baol ofa) 24l
AR 4 AT el olw A1) AN Fod
FAAE AR &+ i Aol v 4B e B3t
SISERBEEEPES

53] 22 So] 1 9ujsl F7bEl w4 Aolsh PAL
19] ?’_‘?.4_/%‘01] DHT} AT obF o|FoAA 2k AUt
upepa] B HxZ Ay Hojgh= Wle] 7o R o] F
o] 2] = ‘H‘HLOL "*°H 7P Fo3 BE F sl ¥
shA A o] 9} Fok] PAI-1 A X E n]|izslo] el PAI-1
o) AL I AL oY DY
7FA I JeA Felslarzt gk Zlo|ct.

Knoop 5(I4) PAI-1o| Z<ko] 7], o|¥Al 9
2E|Zo|T 484 A, o] AZA A% S1p AR
AE 7ML glom 15EQl 735 45 E A=
e 29 glent, maafLe 01]237447‘:- HHo] ek
i} o]ul] cut-off pointZE AR E PAI-19] Fo}X+= 11.1
ng/mg proteino| ¢l t}.

15} Ao o7} AANEE
273} 012}7} o)At P E
48 AFehl A 99 A AFIA :avu M
R 10g -rank EA 7= 98] PAI-19] AHA3 cut-off
pointE- 14 ng/mg o & A&} v} Thomssen(12) SJA| &=
Aol SARAZ Aol nIWTL Ve ARz
/ﬂ PAI-1 X7} 14 ng/ml o]A¢l 45 714 =93 oz}
%9 shuels Harslelch

ol ngREe] 44 A el 14 ngmizhs 5
© B AFedlA FAe] FATedA S PALL A
13.55 ng/mlel] 712] X2}, whebal kA B AAH
o] F olFste A e A a9HTS el A
249 PAL19 oule AT FaAlels) qddxlo] e
Aeog a2z,

Fridqhell Al PAL-19] ool dislol = of| %29l g}
obz] 7Iek v sldwEleHd IAEIe Al o
A& o}#] 43k ARlo] o] FojA]A] kil glrk. Knoop
TUHL A, AA oK, Fke] Z7)ol uh-E PAL-1X] €]
ZolE flglont, AR, AHRolE FgAe wh,
ZZ AR o] Ax, FZA A fFolid ulE PAI-19 &
AACl Zpol7F 98-8 Harslict. o]l vl de Witte &
(7)8] B.aro)| A PAIl TA = Aot HAF A, "=A
Aol o Beb= JAZE gl et Fekel A7|%k= AAITE

sl #1747

o,

o] 77y 55 FX7F Sk shich
A Faol dow PALl FA7F %3 T2
S TollA e dolsltka sgict.

Grondahl Hansen $-(3)2 #|7dod Xl wle} H-HslwHA
7t o dweEltH QIAET PALISFX 9 AR S HE
Frdeloll A= A9, PR U, =24 A
olo fol| A= 9| Q= Xo]E HolA ¢kokAnt ER ¥
At FFarled wE xole o7t Ak sk
olof] vl #7 ¥ FHqtellA = ER, PR %3 f-oll At
o9 A& AolE Hdvka sgict.

L °4'TL°1W-J- A7 9 w7 R, Feke] 7], 2HE

T&A 7, 2Ela fJxAAe] §-5 53 PAL-19]
A Hlu-ePiU} a A FE 2t s E
zH|Zol= FE&A| Wilo] gleTF PALL X7}
A g H2E 5 Aot AR 9o+ ¢l
w} ghA] Kok @2 Felee] et 3 e e
e ST AR G A 3}
F7 A& "ad Aow HeE)

bR oxe
—h' r_OFl', 2
oo N ofN

N o%

2

R A <l = A o
2 ox —g'-‘-' iy F.-“i lﬂ
&OE.

"

2 =

Ttz oA FAH PAIL X9} Fgu|A|lde] gl
o el AAH QAT AR FHAAYE A3
o] ‘:]"‘5’4' 2 AnE A9k

Zu] A o] 2 Bol Fol|A Q] PAL-l HFXE 13.55
ng/m1i16.38, = vAldel 7} §le TeollA 9 PALL H
X +& 6.02 ng/ml+10.8524] EAIZ o E 2]9 & Xo]&
1.9 th(p-value=0.0165).

2) o1, #F AR, "HZA Ao {5, T4 =27, &
HZo]= &4 W] ofof o] wtE PAIl A& F
ARz o3t QAP E HolA] oEgke}.

AEH o2 fHitzZ oA 45 PA] X+
o] Fu|Alde] AT ABA & A 9lom 18] o
FoF #AH F/PAQ e dAETe] ARl

slolt ek ghe Zel dhuol wE A7 Yy 2
= A2 sl

=
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