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The Significance of the Activation of Urokinase Type Plasminogen
Activator System in Breast Cancer Invasion and Metastasis
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Division of Surgical Oncology, Dept. of Oncology, Biomedical Research Center, Osaka Univ.
Med. School
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The aim of this study is to evaluate the significance and the prognostic values of uPA system in
cancer invasion and metastasis. u-PA and u-PAR expression in 94 breast cancers was
investigated immunohistochemically using monoclonal antibodies against u-PA and u-PAR with
LSAB method. u-PA expression was mainly observed on cancer cells, and u-PAR
expressions was both on cancer cells and stromal cells. Patients with high u-PA expression in
cancer cells had high relapse rates compared to patients with low u-PA expression by the
Kaplan-Meier method (p<<0.001). Patients with high u-PAR expression in cancer cells or
stromal cells had high relapserates compared to patients with low u-PAR expression (p=0 013
and 0.014, respectively). This study has shown that percellular proteolysis induced by the
activation of u-PA system accelerates breast cancer invasion and metastasis

Key word : u-PA, u-PAR, breast cancer, invasion and metastasis,

prognostic factor, immunohistochemistry

wE DR, |EARCABOMBEMRILE HS —
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N 7- plasmin %% prometallo-protease % 53%L .
EMHRYD metalloprotease ICERT D, FoE M
B u-PA (3. 8# metalloprotease % H &ML T
5, BRAOICE. ChoEME{EE N/ metalo-
protease M5, extracellular matnx % 3% L TRD
AN EBERETILEEASNTNS27Y, it
ST, BOBM - BBICE ST u-PA ST LD
EHEREBRANZXLAD—DOTHD L HEBT
&5, RIE. ABBREPD u-PA ® u-PAR DL
ERENEL. HEMIE@BCLEXARICFE
RRTHOIETHRENGZEINTNS >, L
L. REBRFENIC u-PA > XT ADEE® Fik
EDBARICDNTIREIL 1 BE (7R,
SEER. ARBREFP TD u-PA. u-PAR D
BE%*RAMBEFNICHANICL. ABOAMN - &
BIZBEWT u-PA > RTADBUWDICBESTHD
M. Ff- u-PA & u-PAR ORBANAHARBICENT
FROFEBAFLTYBINITDONTRIL .

BELAX

RIT. 1988 F 1 B~1989 F 12 AOMITH
BBV TARIR AR E R, REHEREICT
AMEABLE ZHI N 94 A, FHERIT 475
R(27~73®)T. FAZERIN 69 A. PAREM 25 A
Thol. HEFPRMETIS69 NA.

REAHEEG. ST« OEBEXFEFEHAL.
labeled streptavidin-biotin method(LSAB i&)ICT
To7. ET4umDYUYREZHERL. BR/IS5T 4
D%k, A0V —TREBEFTOLT, Lk
DR, mRD LSAB £+ v b (Dako
Corporation, code no. K681) M FMRICE > E. —
RPBORISR, LE b u-PA £/20—-FILR
&L E b UPAR E/2O0-F NG
(American Diagnostic Inc . #3689 & L TX#3936) %
AT, 4CT16~18BRIRIEE 7,

FBAEIE. RSARDEED4 SEEZS—
LicslL., ERMETH 250 @oBHARE DD > b
L. TOARADBEQHRORESEZHIL /A, u-PA
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T(E. BHRICRABHREL Mk L Staning
Intensity Index (SlI=BRE R X0+5EM R X 1+
EEMMEE X2+ HMEMMEE X3) 2R/ LA, SI
<127 OPZEERIRAR. SI=21.27 OfEFHRR
BfL L7, u-PAR (3. IR LB HlROBA T
DRBICOVWTFBMLA, R T, Bt
DREEETHEL 10% RELZERIRB. 10% LUE
EERAPBLL L. FEAR T, R2EBEDL S
Baft. SEBRME. MEBMED I BCHTM LA, u-PA &
u-PAR Dhy bATEIR. ENENTFRICHDLE
BERIITEERAL. SHICEEL. REBICIEE
EEENSHOSENEDIC, BEIF/N=Y >
gL,

BAREFNEFLEL TIIHAE. BREY /1 H
L. A F. estrogen receptor (ER).
progesterone receptor (PgR). fii&##ENER L%
&L 7=, ER. PgR (3. dextran-coated charcoal
ATRAEL. hy hATERRENEN 50. 100
f.mol/mg protein T& o 7=,

FITFHRTICIE. ABACUS D2 —
£ —' 7 b (StatView & LU Survival Tools) %
SEAL. u-PA R u-PAR DRI LIBKRFES
MEFEDBFRICDNTIE x 2 test. Mann-
Whitney @ U B E T. M1&REFFE( Kaplan -
Meier iZT. BERLZ TSR Cox LEHIN
H— REFITIToA. BEEREIC(L. logrank
test ZALV,

2R

uPA (3. BHICERMROMBREIC(Fg 1). u-
PAR (3BHARMEABE O /O T 7 - OBMSF
R/ & O HHERICRIR MR SNI(Fig 2).
BRI BT, u-PA (2 23%. u-PAR TI338%
DFEFN BRI TH - -, BHEARICE TS
u-PAR ORI;(L. M. BMEMHEESDE DL
67°%T. MHRICLEX KLY BmBICRANEH SN
-. BEFOBEICBLT. u-PA (IEBHADH
RIE(C. u-PAR TI3M HR2 0D HARAET (C HN 2 HAAS AR

349

ICHRHSNA, F-. u-PAR OREMERICH
(F2RRT. BOXEMICLYEIEHONT,
u-PA.U-PAR DRIRLBERFBEFEFLDBE
k% Tabe 1 IZ7RT . u-PA. u-PAR & HEABR DA
®], UUAMEBOARE. ER. PgR ORE. B
BE. RERDRELIBEEORGRIZHIN -
. BROABLEDHABDHMMEERH.
RBHEG ICBREE/LLADE. 21/ 94 6

(22.3%) TH> = Kaplan-Meler &IC & D %62
BFRORF TIE. u-PADOBRIABITERIRBICLL
RBBICFETRTH D 75(p<0.001). u-PAR (Z.
BHERICEOTHRRAMZ. ERROICHEXARE
ICPERRTHY(p=0013) . MBEARICHIT S
RIATHLEBMEGII. BatE - BHRMERICLEXA R
ICPETRRTH >/ (p=0.014)(Fig 3). &HIC u-
PA & u-PAR OB TORAEZSHE TR M

Table 1 Correlation of u-PA and u-PAR with the clinicopathological features
in 94 invasive breast cancer patients

u-PA u-PAR
cancer cells cancer cells stromal cells
low high p value* low high pvalue* low" high” p value*

No. of cases T 20 58 36 (212 g el 4
Menopausal status
pre S31™ L6 s 492 27 w5 62 7 -
post 19 6 16 9 2X0) S5
Lymph node involvement
negative 45 9 34 20 47 7
positive 27018 i 24 16 o SEES o
ER"
negative 24 7 ()8 [7) 2,
positive 26,812, SN'S 31 17 NS 40 8 NS
unknown 128 8 7 15 0
PgR"
negative 250 §8 2205510 26 7
positive 250 Wi laiN'S 280 I8 NS 41 5 NS
unknown 20 83 8 7/ LSk =0
Tumor size (cm)
<20 19 3 ISFRN 19 § 8
2.0< -50 45 17 NS 38 24 NS 530 NS
>5.0 8 2 7/ 3) 10
Adjuvant therapy
none 11 2 6 i 10798
tamoxifen (TAM) O =§ 7 4 10 1
chemotherapy ST - 122, SlO e 1975 .8 o
TAM+chemotherapy 85r w8 38% [ 43 5
Recurrence
yes 5 16 8 13 1S 6
e & € p<0 001 0 = p=0.012 67 6 p=0.014

1) a low group was consisted of a negative and a weak expression groups

2) a high group was consisted of a strong expression group

Cutoff points = 3) 5.0 f.mol/mg protein. 4) 10.0 f.mol/mg protein

* . p values were calculated with the x ° test or the Mann-Whitney U test. NS = p > 0.05

43
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u-PA u-PAR u-PAR
cancer cells cancer cells stromal cells
S o 100 4 «———, weak or negative
i:_ 100 e 100 4o ;\kl low . BB ok
£ 80 - R PN 80 LS
5 o WD e
2 60 - high | 60 strong
: l
E 40 : 40
o i p=0.013 p=0.014
R p<0.00 20 - 20 -
g
2 T b =¥ T T . ' 1 T li T 0 T T T T T
0 1{ 24 36 48 60 72 0 2 24 36 48 60 T2 12 24 36 48 60 72
Month Month Month
Fig. 3 Discasc [rcc survival (DFES) as a function of u-PA and u-PAR cxpression in cancer cells and s‘lmn.ml cells in 94 in’v:‘\ﬁi\'c
hrf;m-l C?\nL‘L‘r paticnts when tested by the Kaplan-Mcicr method. Patients with the high u-PA expression in (;:m.ccr ccl‘!s h.;( ‘.l
<ig;1.iﬁt'.'ml|y Jower rate of DES (16 /22 events) than paticnts with the low expression (5 /72 events) ‘(lcll). lvullcn\s with the
‘In h u-PAR expression in cancer cells had a significantly lower rate of DFS (13 /36 events) than paticnts \\"Ilh the Imv’ e
cjxrcsc.inn (8 /58 events) (middle). Paticnts with the strong u-PAR expression in stromal cells had a significantly lower rate o
lsFS (6 / 12 events) than patients with the low (negative and weak) expression ( 15/ 82 cvents) (right).
>
u-PA and u-PAR u-PAR
cancer cells cancer cells and stromal cells
low A oo dok
g 100 - A = :
N~ Nt
E 80 - .g 80
& E
2 60 o 2 60
i )
@ high )
=
= 40 “ 40 A
é z p= 0.004
g 20 - p< 0.001 z 20 -
= a
T I T I I 1 I 1 ;| I T
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Montl Month
onth

Fig. 4 Lvaluating the combination of the u-PA and
u_PAR expression in cancer cells. the difference of
DFES between patients with the high u PA and u-PAR
cx pression (9 /12 events) and patients with the low
expression (1 /48 events) became larger (p < 0.001).

Fig. 5 Evaluating the combination of the u-PAR
expression in cancer cells and stromal cells. the difference
of DES between patients with the high expression (both
high in cancer cells and strong in stromal cells) (5 / 10
cvents) and patients with the low expression (both low in
cancer cells and wcak or negative in stromal cells) (7 / 56
events) became larger (p = 0.004). The differences were
assessed with the logrank test.

Table 2 The univariate and multivanate regression analysis of the disease-free survival
in 94 invasive breast cancer patients

univariate multivariate
ades relaave risk P relative risk
P (95% CI') (95% CI°)
p-P4 expressioq <0.001 1330(4.85-36.47) <0.001 10.27 (3.65 - 28.90)
cancer cells (high vs low)
u-PAR expression
cancer cells (high vs low) 0.018 2.90 (1.20-7.02) 0.047 2.88(1.02-8.17)
stromal cells (high vs low) 0.020 3.10(1.20 - 8.00) 0.003 3.19(1.70 - 14.47)

Hormone receptor
ER (negative vs positive) 0.434
PgR (negative vs positive) 0.324

Lymph node involvement

o . 0.007
(positive vs negative)
Tumor size
258 S| 0.741
T3 vs Tl 0.096

0.63 (0.20 - 1.99) 0.437
0.56 (0.18 - 1.77) -

3.73(1.45-9.64) 0.005

0.84 (0.30 - 2.38) 0.571
3.06 (0.82 - 11.44) 0.014

0.632(0.20 - 2.01)
5.60 (2.16 - 14.48)

0.74 (0.26 - 2.12)
5.00 (1.38 - 18.06)

a; 95% Confidence Interval

THE REBENEHICHRAOENI 12G+F9 6
PERRELADICHL. BENSERIRTH >
T(348FIF 1 FICLDOBRERHIEM DI (Fig. 4),
EH#IC. u-PAR DEHIR & BEBRICE TS RIA
FELHETRIT5L. SHRERANDME R
BHEGIZ10FFSHICHBRERDLEDICHL., &
HpE R IR DB EIBS% - S5PB 1 BIIL 56 Bl 7 6
ICDHBREDOHN(Fig. 5). BEREFENEFT
2. BB o /\BEBERTIEHN. EBOR
WEFICLERB BICFER R TH o 72(p=0.004),

LL. BAROAE, ER. PgR OB HE. B&EE.
hEBHREOERIETIE. HERERICER
EEROHEMOI,

LEFINSF — RETILERWVC BERBTTIZ.
Y REEB DA, u-PA. U-PAR TOEHE
L UMEMARICEIIRANBEEDpBERL.
BRICEEBES5ZA-(Table 2). 3EREHAICEH L
TH., U NEEBOARE. u-PA. u-PAR DO
HiRa L BEMARICEITDRAD 4 BFHNBEREDDP
HERL. NSRRI LATFEREAFTHEZ &
SHBAL 7= (Table 2),

R
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BOAM - EBRICIE. 1) RRERDSORA SR
M. 2) IREFRADRA. 3) REDL SDOBHE. 4)
LRBRREAOER SENORIENEZ SNDH.
FBRRCENVTERERLHRA TN v 2DS
BOBVETHD Y, TOLEHITIZ. U-PA [TLDT
BARNEHLEINGZINEZ S, BR. R
HETICERBRFD u-PA DOHRERD BB/ AEG)
FEFEDBNETIREN, ABEBRHELT
He BRI TREINTWS, LHL. u-PANE
DBBEXRIRT H/100HICIL. u-PAR EDEBIC K
DT D U-PA P RT LD EHENLERAR
EEZSNTIVSD Y, U-PA (IREOHEEF TIZ.
u-PAR ® u-PA DREBHNAEES-THD
plasminogen activatorinhibitortype 1 (PAI-1) &4
BEERALTNSD, N5 u-PAU-PAR. u-
PAMU-PAR/PAI-1 IR EDBESEDANS. LY u-PA
DATADER ERRL. ¥ u-PA ¥ u-PAR O
LRILEY S, LUBS FHREEBBTEHEZX S
hTwa ", SEIOREICAVNZR u-PA. 1 u-
PAR £/ 0O—FIH&kIZ. ENEN free u-PA.
u-PAU-PAR(—ERH R U & §H)&E . free u-PAR.
u-PA/U-PAR. u-PA/u-PAR/PAI-1 22T 5. it
2T, CORBLHEBFURITICHENT, u-PA ®




Rl e i

352

u-PAR OFRRIGIVERRGICLEXAEICF &
FRTHHEZEIZ. BROBM - BBIC u-PA &
AT ALANRBELTVNDZLE2XR/THHOT
HB. u-PA BBBHICRHRIC. u-PAR (MR
CABEOMBMEMICBEL TLWAZ &IF. u-
PA/U-PAR B&ICLD u-PA 2T ADEEILMN.
RERADORBEENATBHATERI DTS &
ZIMALTVD, HIC. BOSHERICEHNT. b
HHRAIC u-PAR DEVRBANRH SN LT,
pencellular proteolysis ICL U BL < ZDBM
MELTNWAIEERLTND 0D, &522
DHRR(T. BoAIEHENT VS LDIC. BDOAM -
LRICEHOTRAEREMEAROBETFSNIR
ICEETHEHLEDBTRHELTINS ),
FASRDERL Y. u-PA, uU-PAR DRAEER
YOLRRAOEESZ. SERFEBOBRETL. A
ROBRAERI LAFEREFTHLIIENNBEL
7o - u-PA & u-PAR (LI hHEHRa) |
u-PAR DEHR LB BRABMTORRO-EL 4
HEDLET PR ERITTHESSICHNLETFREA
FLEIREYVBLI ENREN. BEFEORF T,
ABCHEVWTHRARD "FANDERENTVS
FREBF" THIRE) /OGBS, ERFIC
BOWTHHEREE, $ZRESLUSERBITT
BRI LIEFEEAFTHSZ ENEBEIN,
LU u-PA (3. DA /X0 BIZEWLTY /8¢
MEBICHE> T, EAKI. ZBER&POR
REBOAUBELEBEL T, HBAEYTILT. &5
IZ retrospective ICHREITES oL BKS
BAT&E2>%&EX 5. 5%I(3. prospective 75#&Et
T, UUNRMBERBBECAGBHEZLEOESHIC
H T, u-PA ®u-PAR DRIRICLY PETRE
%3550\ 1F. BERFICK L TR UL Rk s &L
EID22&ICL Y. ABOFPEREZUETEDLE
ATWS,

ot
EDORM - mWBICE LT, u-PA & u-PAR O
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BB FP D U-PA & U-PAR DRAEBEFICE
DRAEAX. HEOAM - TR ICEITD u-PA
ATLADERE., FERAFELELTORAKICD
WTRE L, HRE. BAEABEE 46, &
BAEKI. X571 UK EHR u-PA. i u-PAR
T/ 0—-FIREERWTLSABETITO .
u-PA (BB ICEMRIC. u-PAR (&M MR
HRICENSORANRO oN . BRHARTIL.
BOEEIT u-PAR DRENE < DHSNI.
Kaplan-Meler i% L & B Wik RBEFER ORI T, u-
PA.u-PAR O&ifa & MRMRICEVDTHRIRG
HDNIEBBHEGIL, ERROIOEMNE - A G
ICHEXBEBICFERRTH /. u-PA L X T LD

B<RRLTWSBAES TIE. percellular
proteolysis DERIC LY BDARY - GBSRES
hTndeEZ SN,

Fig. 1 Immunohistochemical expression of u-PA in invasive breast cancer.
Staining of u-PA in cancer cells was strong in the cytoplasm and cell-surface
(original magnification: X 50).
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Fig. 2 Staining of u-PAR in stromal cells around the invasive foci was
observed strongly (<3) | and that in the cytoplasm of cancer cells was weakly
stained (<) (original magnification: > 80).
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