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The urokinase-type plasminogen activator (uPA) sys-
tem has been implicated in tumor spread. We have
used immunohistochemistry to examine three com-
ponents of this system, ie, uPA, uPA receptor (uPAR),
and plasminogen activator inhibitor-1 (PAI-1), in a
pilot study on 142 cases of breast carcinoma. We
wished to determine whether there were any relation-
ships between expression of the proteins in either
tumor cells or fibroblasts and clinical and pathologi-
cal features. Strong uPA expression in each cell type
was significantly related to high tumor grade (P 5
0.013 and 0.008, respectively), and was more com-
mon in invasive than in in situ carcinomas (P <
0.0001). Fibroblastic expression of uPAR was only
related to the presence of invasion (P < 0.0001).
Strong PAI-1 expression in both cell types was seen in
high-grade tumors (tumor cells, P 5 0.012; fibro-
blasts, P < 0.001), but only fibroblastic expression
was related to the presence of invasion (P 5 0.042).
Fibroblastic expression of both uPA and uPAR were
positively correlated with tumor size. Although pa-
tients with strong fibroblastic expression of uPA
showed a tendency toward a shorter time to relapse,
none of the plasminogen activator proteins were sig-
nificantly associated with relapse-free survival. These
results suggest that strong expression of uPA, uPAR,
and PAI-1 in fibroblasts rather than in tumor cells
have the most impact on the clinical behavior of
breast cancer. Larger prospective studies are needed
to confirm these findings. (Am J Pathol 2000,
157:1219–1227)

In common with other tumor types, it is usually the me-
tastases in breast cancer that eventually kills the patient.

Consequently the search for new predictive and prog-
nostic tumor markers has widened to include an increas-
ingly intense examination of interactions between tumors
and their surrounding, ostensibly normal, stromal tissue
elements. Understanding the mechanisms involved in the
metastatic process may help us to find ways of predicting
which tumors are likely to spread and to identify possible
sites for therapeutic intervention. The urokinase-type
plasminogen activator (uPA) system, which activates the
serine protease plasmin from its precursor plasminogen,
is one of several enzyme systems that play an important
role in the degradation of extracellular matrix central to
tumor invasion.1–4

The activity of uPA is normally under strict control,
being one of several enzymes required for normal phys-
iological processes such as tissue remodeling.5 uPA it-
self initially exists as a proenzyme form (pro-uPA), which
after proteolysis, by, for example, matrix metalloprotein-
ases becomes the active form.6 This is termed high-
molecular weight uPA and it undergoes a further prote-
olysis step to produce the 33-kd low-molecular weight
uPA and an amino terminal fragment.4,7 Low-molecular
weight uPA itself is capable of eliciting matrix degrada-
tion responses in a variety of different physiological pro-
cesses as well as in tumor invasion and metastases.1 The
amino-terminal fragment molecule is activated on binding
to the uPA receptor (uPAR) via its growth factor domain
before promoting cell migration and adhesion.1,2 The
uPA receptor is a highly glycosylated protein that binds to
the cell membrane via a carboxy terminal anchor, and
contains the uPA-binding domain in the amino terminal.8

This cascade can be amplified by plasmin, the end-
product of uPA activity on plasminogen. Inhibitory regu-
latory steps are required to prevent the reaction from
getting out of control, most notably by inactivation of uPA
by plasminogen activator inhibitors (PAIs)-1 and -2 in the
cytoplasm, after endocytosis of uPA/uPAR complexes.9
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During this process, PAI-1 is degraded, uPA is inacti-
vated, and the receptor is partially recycled.1,2

Several studies assessing both mRNA and protein lev-
els have found that increases in the plasminogen activa-
tor (PA) components uPA, its receptor uPAR, and PAI-1
are associated with either aggressive tumor characteris-
tics or a poor prognosis.10 However, it is unclear whether
it is their (relative) levels in the stroma or in the tumor cells
themselves that is the most relevant to patient outcome.
Immunohistochemistry-based studies are especially use-
ful in determining the cellular locations of these proteins
and so may help to clarify this point. In this immunohis-
tochemical study, we have stained a series of invasive
and in situ breast tumors of varying types and grade with
monoclonal antibodies to uPA, uPAR, and PAI-1. Assess-
ment was made of their cellular localization and immuno-
staining was related to clinical and pathological data
including relapse-free survival

Materials and Methods

Patients

There were 142 breast tumors including 89 invasive duc-
tal carcinomas, 28 invasive lobular carcinomas, and 25
cases of ductal carcinoma in situ (DCIS), from excision
biopsy and mastectomy specimens taken from women
diagnosed at the Imperial Cancer Research Fund Clinical
Oncology Unit, Guy’s Hospital. As far as was possible,
and where material was available, the majority of these
were consecutive cases taken from 1990 to 1991. How-
ever, to obtain approximately equal numbers of each
tumor grade and type, some of the cases were diag-
nosed in the period 1992 to 1994. Median follow-up time
was 6.5 years (range, 1.2 to 10 years). The median pa-
tient age was 56 years (range, 28 to 86 years). Histolog-
ical grade of infiltrating ductal carcinomas (IDC) was
determined according to a modification of the Bloom and
Richardson system,11 and DCIS was typed according to
Holland et al.12 Tumor size was known for 138 cases.
Nodal status was available on those patients in which
axillary clearances had been performed (all of the inva-
sive tumors and three of the DCIS tumors, n 5 120). In
addition, sections from 18 samples of normal breast,
inflammatory disease, and benign lesions (papilloma, fi-
broadenoma, sclerosing adenosis) were also stained.

Immunohistochemistry

Immunostaining was performed on 3-mm sections taken
from formalin-fixed paraffin-embedded breast tumor
blocks. Nils Brünner (Finsen Institute, Copenhagen, Den-
mark) kindly provided the three primary mouse monoclo-
nal antibodies (respectively, anti-uPAklon16, anti-uPAR2,
and anti-PAI-1klon1). The specificity of the antibodies had
previously been tested and confirmed with Western blot-
ting (Nils Brünner, personal communication). They were
used at the following concentrations in 0.015 mol/L Tris-
buffered saline (pH 7.6): uPAklon16 (10 mg/ml), uPAR2 (4.7
mg/ml), and PAI-1klon1 (0.8 mg/ml). Sections were blocked in

20% normal rabbit serum (DAKO Ltd., Cambridge, UK).
Primary antibody was applied and incubations were per-
formed overnight at room temperature. Biotinylated rabbit
anti-mouse immunoglobulins (DAKO Ltd.) diluted 1/400
in 3% normal human serum was applied, followed by
peroxidase-conjugated preformed streptavidin biotin
complex (DAKO Ltd.) each for 30 minutes at room tem-
perature. Reaction sites were visualized using diamino-
benzidine as the chromogen, and nuclei were counter-
stained with hematoxylin. Sections of breast tumor
previously found to be positive with each of the primary
antibodies were included with each staining run. For
negative controls, primary antibody was omitted on du-
plicate test sections.

Statistics

The relationships between expression of uPA, uPAR, and
PAI-1 in tumor cells and fibroblasts were evaluated by the
Spearman’s rank correlation test. Pearson’s chi-square
test was used to examine associations of the PA compo-
nents with tumor grade, tumor type, the presence or ab-
sence of invasion, tumor size, and nodal status. Kaplan-
Meier survival curves were constructed and log-rank
analyses performed to assess whether any level of uPA,
uPAR, or PAI-1 expression had any effect on relapse-free
survival of those patients with invasive carcinoma.

Results

Assessment

Expression of uPA, uPAR, and PAI-1 was based on the
intensity of staining, and was assessed in the malignant
epithelial cells and tumor-associated fibroblasts within
each section. The degree of expression was graded as
negative (no immunostaining in either tumor cells or fi-
broblasts), weak (definite but weak staining), or strong
(intense staining easily seen under low power on a mi-
croscope).

Immunostaining Patterns

Positive immunostaining with all three antibodies was
observed in the cytoplasm of tumor cells. This was often
heterogeneous throughout the tumor area, with some
negative areas within positive tumors. Strong cases were
positive in as many as 100% of cells, whereas most of the
weakly staining cases were positive in ,10%. Normal
and benign breast epithelia (and occasionally myoepi-
thelium) adjacent to tumor were sometimes positive with
each of the antibodies, but this staining was never as
intense as that seen in tumors. Occasional staining of
blood vessel walls was also seen. For all three antibodies,
expression in tumor cells was usually stronger or equiv-
alent to that seen in accompanying stromal elements and
in nonmalignant epithelium (Figure 1, A–D).
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Correlations between uPA, uPAR, and PAI-1
Immunostaining

The statistical data with correlation coefficients and P
values are outlined in Table 1. There was a statistically
significant association between tumor cell and fibroblast
expression for all three proteins. Ninety percent (128 of
142) of cases had expression of uPA in their tumor cells
(weak 5 29, strong 5 99), and in 69% of cases (98 of
142) it was present in the fibroblasts (weak 5 44,
strong 5 54). There was a significant positive correlation
between tumor epithelial and fibroblast expression (r 5

0.73, P , 0.005). Tumor epithelial expression of uPA was
significantly correlated to the other markers with the ex-
ception of fibroblastic expression of PAI-1. Fibroblastic
uPA expression was significantly associated with uPAR
and PAI-1 in fibroblasts, but not in tumor cells. Expression
of the receptor protein uPAR was seen in the tumor cells
of 97% (138 of 142) of cases (weak 5 55, strong 5 83),
with 86% (122 of 142) of cases expressing it in the
fibroblasts (weak 5 49, strong 5 73). As with uPA, there
was a positive correlation between tumor cell and fibro-
blastic uPAR expression (r 5 0.38, P 5 0.02) (Table 1).
uPAR expression in tumor cells also correlated with PAI-1

Figure 1. Immunoperoxidase staining with diaminobenzidine as the brown chromogen showing strong uPA expression in a grade I invasive ductal carcinoma
(A); strong uPAR expression in the tumor cells and fibroblasts (arrows) of a grade III ductal carcinoma (B); strong PAI-1 expression in a grade III ductal carcinoma
(C); and weak uPA expression in the epithelial cells of a fibroadenoma (D). Original magnification, 340.

Table 1. Statistical Relationships between uPA, uPAR, PAI-1 Expression in Tumor Cells and Fibroblasts

uPA(F) uPAR uPAR(F) PAI-1 PAI-1(F)

uPA r 5 0.73 r 5 0.48 r 5 0.48 r 5 0.43 n.s.
P , 0.005 P , 0.005 P 5 0.005 P 5 0.01

uPA(F) n.s. r 5 0.56 n.s. r 5 0.35
— P , 0.005 P 5 0.01

uPAR r 5 0.38 r 5 0.59 n.s.
— — P 5 0.02 P , 0.005

uPAR(F) r 5 0.38 r 5 0.55
— — — P 5 0.01 P , 0.005

PAI-1 r 5 0.57
— — — — P , 0.005

(F) refers to expression of the specified protein in fibroblasts. n.s., not significant.
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in tumor cells but not fibroblasts. However, its expression
in fibroblasts was significantly associated with PAI-1 fi-
broblastic expression. Ninety-three percent (132 of 142)
of cases were PAI-1-positive in tumor cells (weak 5 72,
strong 5 60), with 47% (67 of 142) expressing it in their
fibroblasts (weak 5 49, strong 5 18). There was a posi-
tive correlation between tumor cell and fibroblastic ex-
pression (r 5 0.57, P , 0.005).

Associations between Immunostaining Patterns
and Histological Type and Grade

uPA

Strong uPA expression in IDC was seen in the tumor
cells of 71 of 89 cases (79%) and the fibroblasts of 42 of
89 (47%) cases (Table 2). In both instances, strong ex-

Table 3. Relationship between Tumor Cell/Fibroblastic Expression of uPA, uPAR, and PAI-1 and Tumor Grade in Invasive Ductal
Carcinoma (IDC)

IDC I n 5 28 (%) IDC II n 5 31 (%) IDC III n 5 30 (%) Chi-square value P value

uPA
Negative 5 (18) 0 0
Weak 4 (14) 6 (19) 3 (10)
Strong 19 (68) 25 (81) 27 (90) 12.7 0.013

uPA(F)
Negative 11 (40) 5 (16) 1 (3)
Weak 9 (32) 11 (35) 10 (33)
Strong 8 (28) 15 (49) 19 (64) 13.79 0.008

uPAR
Negative 2 (7) 0 1 (3)
Weak 8 (29) 11 (35) 14 (47)
Strong 18 (64) 20 (65) 15 (50) 4.23 0.376

uPAR(F)
Negative 1 (4) 3 (10) 2 (7)
Weak 9 (32) 13 (42) 4 (13)
Strong 18 (64) 15 (48) 24 (80) 7.58 0.108

PAI-1
Negative 0 3 (10) 3 (10)
Weak 11 (39) 21 (68) 10 (33)
Strong 17 (61) 7 (22) 17 (57) 12.87 0.012

PAI-1(F)
Negative 6 (21) 22 (71) 9 (30)
Weak 14 (50) 8 (26) 13 (43)
Strong 8 (29) 1 (3) 8 (27) 18.82 ,0.001

(F) refers to expression of the specified protein in fibroblasts.

Table 2. Proportion of Cases Showing Strong Expression of uPA, uPAR, and PAI-1 According to Tumor Type, Tumor Size, and
Nodal Status

Proportion of cases with strong expression, n (%)

uPA uPAR PAI-1

Tumor Fibroblasts Tumor Fibroblasts Tumor Fibroblasts

Histological tumor type*
IDC (n 5 89) 71 (79) 42 (47) 53 (59) 57 (64) 41 (46) 17 (19)

Grade I (28) 19 (68) 8 (28) 18 (64) 18 (64) 17 (61) 8 (29)
Grade II (31) 25 (81) 15 (49) 20 (65) 15 (48) 7 (22) 1 (3)
Grade III (30) 27 (90) 19 (64) 15 (50) 24 (80) 17 (57) 8 (27)

ILC (n 5 28) 21 (75) 10 (36) 16 (57) 12 (43) 10 (28) 1 (4)
DCIS (n 5 25) 7 (28) 2 (8) 14 (56) 4 (16) 9 (36) 0

WD (7) 4 (57) 1 (14) 5 (71) 2 (29) 4 (57) 0
ID (9) 2 (22) 1 (11) 5 (55) 2 (22) 3 (33) 0
PD (9) 1 (11) 0 4 (44) 0 2 (22) 0

Tumor size
#2 cm (80) 53 (66) 28 (35) 48 (60) 35 (44) 30 (38) 12 (15)
.2 cm (58) 44 (76) 26 (44) 32 (55) 36 (62) 28 (48) 6 (10)

Nodal status
Negative (44) 37 (84) 18 (41) 27 (61) 49 (66) 19 (43) 5 (11)
Positive (76) 56 (74) 35 (46) 43 (57) 41 (54) 33 (43) 13 (17)

*IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma in situ; WD, well differentiated; ID, intermediately
differentiated; PD, poorly differentiated.

Note: Summaries of the statistical significance of these associations are to be found in Tables 3 and 4.
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pression was significantly related to high tumor grade
(tumor cells, chi-square 5 12.7, P 5 0.013; fibroblasts,
chi-square 5 13.79, P 5 0.008) (Tables 3 and 4). There
was no statistically significant difference in uPA expres-
sion between the two invasive tumor types (ductal and
lobular) in either the tumor cells or fibroblasts (Table 4).
However, there were differences between invasive and
in situ tumors. Significantly fewer DCIS cases expressed
uPA strongly in tumor cells compared to invasive tumors
(28% versus 78%, chi-square 5 25.03, P , 0.0001).
Similarly in fibroblasts, only two cases (8%) were strongly
positive in contrast to 44% of the invasive tumors (chi-
square 5 39.89, P , 0.0001) (Table 4). Because of the
relatively small numbers of each DCIS subtype it was not
possible to produce meaningful statistics to ascertain any
differences in expression between the subtypes. (This
was also true for uPAR and PAI-1.)

uPAR

Strong uPAR expression in IDC was seen in the tumor
cells of 59% of cases and in the fibroblasts of 64% (Table
2). uPAR expression in both tumor cells and fibroblasts
was unrelated to either tumor grade or tumor type (Tables
3 and 4). Interestingly, there was no significant difference
in uPAR expression between the tumor cells of invasive
and in situ carcinomas. Contrary to this, fibroblasts in
DCIS were predominantly negative or weak, with only a
few (4 of 25, 16%) being strongly positive, significantly
lower than the proportion (59%) seen in invasive tumors
(chi-square 5 22.66, P , 0.0001) (Table 4).

PAI-1

In IDC, strong PAI-1 expression was seen in the tumor
cells of 46% (41 of 89) of cases and the fibroblasts of 17
of 89 (19%) cases (Table 2). Strong expression was
significantly related to high tumor grade in both tumor
cells (chi-square 5 12.87, P 5 0.012) and fibroblasts
(chi-square 5 18.82, P , 0.001) (Tables 3 and 4). There
was a significant difference in PAI-1 expression in the
fibroblasts of invasive lobular and ductal carcinomas, but
not in the tumor cells; in lobular carcinomas the fibro-
blasts were predominantly negative with only one strong

case (chi-square 5 8.45, P 5 0.015). Similarly in DCIS,
PAI-1 expression in the fibroblasts, rather than the tumor
cells, was significantly lower (none were strong) than in
invasive tumors where strong expression was observed
in the fibroblasts in 15% of cases (chi-square 5 6.3, P 5
0.042) (Table 4).

Expression of uPA, uPAR, and PAI-1 in Normal
and Benign Breast Tissue

Expression of all three proteins in the normal and benign
breast lesions was similar. The epithelial cells in the nor-
mal cases were either negative or occasionally weakly
positive, whereas the fibroblasts rarely stained. This ob-
servation was also seen in the inflammatory cases. Weak
expression was common in the fibroadenomas and pap-
illomas, with small, focally stronger areas in sclerosing
adenomas. Once again, fibroblasts rarely stained.

Correlation between uPA, uPAR, and PAI-1
Expression and Tumor Size and Nodal Status

Strong fibroblastic expression of both uPA and uPAR
were significantly associated with tumor size grouped
as # and .2 cm (uPA: chi-square 5 6.25, P 5 0.044;
uPAR: chi-square 5 6.03, P 5 0.049) (Table 4). These
associations were confirmed using Spearman’s rank cor-
relation test with tumor size treated as a continuous vari-
able (uPA: r 5 0.27, P 5 0.01; uPAR: r 5 0.34. P 5 0.005).
Tumor cell expression of uPA and uPAR was not similarly
related. There was no correlation between PAI-1 expres-
sion and tumor size, and none of the three proteins were
related to nodal status.

(A summary of the statistical relationships between
uPA, uPAR, and PAI-1 expression and pathological and
clinical data are given in Table 4).

With the aim of assessing the total effect of protein
expression in a manner similar to the cytosol assays, we
also combined tumor cell and fibroblastic values for uPA,
uPAR, and PAI-1 for each tumor and related this single
score to the same parameters and clinical data. How-
ever, the values were similar and doing this did not
change the magnitude of the results (data not shown).

Table 4. Summary of Statistical Relationships between uPA, uPAR, and PAI-1 Expression and Pathological and Clinical Data

uPA uPAR PAI-1

Tumor Fibroblasts Tumor Fibroblasts Tumor Fibroblasts

Grade x2 5 12.7,
P 5 0.013

x2 5 13.79,
P 5 0.008

n.s. n.s. x2 5 12.87,
P 5 0.012

x2 5 18.82,
P , 0.001

Ductal versus
lobular

n.s. n.s. n.s. n.s. n.s. x2 5 8.45,
P 5 0.015

In situ versus
infiltrating

x2 5 25.03,
P , 0.0001

x2 5 39.89,
P , 0.0001

n.s. x2 5 22.66,
P , 0.0001

n.s. x2 5 6.3,
P 5 0.042

Tumor size n.s. x2 5 6.25,
P 5 0.044

n.s. x2 5 6.03,
P 5 0.049

n.s. n.s.

Nodal status n.s. n.s. n.s. n.s. n.s. n.s.

n.s., not significant.
Note: Due to the small numbers of DCIS types, statistical correlations between these and PA component expression were not carried out.
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Survival Data

Log-rank analysis for relapse-free survival among pa-
tients with invasive tumors showed a nonsignificant trend
for patients with strong uPA expression in fibroblasts, but
not in tumor cells, to have a shorter time to relapse
(Figure 2A). There was no relationship between relapse-
free survival and expression of either uPAR or PAI-1 in
either tumor cells or fibroblasts.

However, despite this being a selected group of
patients, with a higher than usual proportion of tumors
with good prognostic characteristics, two established
prognostic parameters, namely tumor grade and nodal
status, were both significantly associated with relapse-
free survival (chi-square 5 8.8, P 5 0.012, Figure 2B
and chi-square 5 5.25, P 5 0.022, Figure 2C, respec-
tively).

Discussion

Biochemical assays using cytosols prepared from mam-
mary carcinomas show that high levels of expression of
uPA and other components of the urokinase system are
associated with a poor prognosis.3,10 We undertook the
present immunohistochemical study, one of the largest to
date to assess simultaneously uPA, uPAR, and PAI-1, to
determine whether it was tumor cell, fibroblastic expres-
sion, or both that was most closely correlated to breast
tumor pathology. We found that all three proteins were
expressed more widely in breast tumors than in normal
and benign breast tissues. Significantly stronger expres-
sion was noted in invasive compared to in situ tumors,
and strong expression was a feature of high-grade tu-
mors. There were significant associations between strong
expression of uPA and uPAR and tumor size, but none of
the proteins were associated with nodal status. Although
there was a trend for patients with strong uPA expression
to have a shorter time to relapse, this was not significant.
Interestingly, all of these associations were stronger
when expression in fibroblasts rather than tumor cells
was examined, thus reflecting the importance and hinting
at the collaboration of the stroma and its components in
the invasive process.

Immunostaining for all three antibodies was cyto-
plasmic. The lack of membrane expression with uPAR
was a little unexpected as it is a trans-membrane re-
ceptor molecule. The antibody uPAR2 could be recog-
nizing cytosolic uPAR or a cytoplasmic domain. It is
also possible that either antibody binding was inhibited
by uPAR binding to its ligand, uPA, or that the epitope
recognized by the antibody at the membrane was hid-
den by conformational changes in the uPAR mole-
cule.13 Antigen-retrieval techniques have been used
by others to produce membrane immunostaining in
addition to the cytoplasmic staining that we ob-
served.14 However, on our material such treatment
rendered tissue sections unreadable with a very high
background. Another group also using the antibody
uPAR2 used pronase digestion but do not describe
membrane staining.15

It is not surprising that these proteins are present in
nonmalignant breast tissue as they all have roles in
normal physiology.5 However, the increased expres-
sion seen in the tumoral fibroblasts as well as the
malignant epithelial cells in tumors implies that there is
a specific response to tumor growth. The lower levels
found in fibroblasts within the actively fibrosing benign
conditions also indicates that there is more to the tu-
mor/stroma response than is suggested by the con-

Figure 2. Relapse-free survival curves stratified according to intensity of uPA
expression (0 5 negative, 1 5 weak, 2 5 strong) (A), tumor grade (B), and
nodal status (C).
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cept that tumors are wounds that do not heal.16 The
differences between invasive tumors and DCIS sug-
gest that loss of the basement membrane and a myo-
epithelial layer are necessary for full expression of
these molecules, which is possibly mediated through
local cytokines and/or changes in the spectrum of
adhesion molecules expressed and interacting with the
stroma.

In the IDCs strong expression of uPA, uPAR, and
PAI-1 was associated with high tumor grade. Although
few other immunohistochemical studies looked at tu-
mor grade specifically, our results are broadly in ac-
cordance with other studies using immunohistochem-
istry.17–21 Christensen et al22 found a subgroup of
poorly differentiated tumors in their study in which the
fibroblasts stained intensely. Umeda et al18 found sig-
nificantly more uPA staining in IDC (NOS) containing
abundant stroma compared to those with scanty
stroma, whereas Jahkola et al,23 found no association.
These findings may contribute to the aggression of
grade III tumors or could conceivably be an epi-phe-
nomenon related to other features associated with
higher grade such as enhanced proliferative activity or
relative lack of tubule formation. Equally these obser-
vations may go hand in hand with observations sug-
gesting that grade defines groups of different breast
cancers with different cytogenetics and biologies.24

The increased expression of PAI-1 at first seems par-
adoxical, as one might predict that an inhibitor of the
plasminogen activator system would be reduced dur-
ing invasion. However, it has been proposed that PAI-1
is increased at some point during the invasion process,
to prevent proteolysis of the tumor itself.25 There is also
evidence for increased expression of PAI-1 in lymph
node metastases.22,23

One might also expect to see associations between
high levels of the proteins and clinicopathological
markers of tumor spread such as tumor size or nodal
status. We observed significant increases in the fibro-
blastic, but not tumor cell, expression of uPA and uPAR
within larger tumors. Protein levels showed an expo-
nential increase with tumor size as well as a significant
difference in levels of expression between tumors .2
cm and those measuring less than this. This suggests
that not only do uPA and uPAR fibroblastic expression
have a direct association with increasing tumor size
but that they also may have a potential prognostic role,
because larger tumors generally have a worse prog-
nosis. These findings are supported by a study using
mouse models injected with rat breast-cancer cell lines
transfected with uPAR-overexpressing plasmids,
which were found to grow larger tumors compared to
those injected with vector cells alone.26 Few studies
have used immunohistochemistry to assess this rela-
tionship in clinical material. One study failed to find an
association between uPAR expression and either tu-
mor size or nodal status.21 Another found no correla-
tion between uPA or PAI-2 and nodal status.18 In the
present study, we found no association between uPA,
uPAR, or PAI-1 and nodal status.

The main purpose of this study was to determine
which particular cell types expressed uPA, uPAR, and
PAI-1, and to ascertain which of them was most im-
portant in aiding tumor growth, as judged by their
relationship to traditional clinicopathological parame-
ters. This aim has become more important in recent
years as evidence grows for components of the PA
system to have potential prognostic or therapeutic
uses in breast cancer. Until now, the larger studies
have used techniques such as enzyme immunoassay
and enzyme-linked immunosorbent assay on cytosol
material.19,27–32 The results of these studies regarding
interassociations between the various PA components
and also with clinicopathological and prognostic data
have subsequently been reproduced to varying de-
grees in immunohistochemical studies. Importantly,
where studies have directly compared results between
cytosolic and immunohistochemical assays, there is
broad agreement between protein levels and degree of
immunostaining.19,22,33 Although one study33 did point
to an overlap in individual values, suggesting that the
two methods could not easily be interchanged. How-
ever, although cytosol assays do find differences be-
tween samples from normal, benign, and malignant
breast tissues, they are unable to determine the cellu-
lar location of the PA components.

Unlike many of these cytosol-based studies, and a
small number of the immunohistochemical studies, we
found no significant association between PA compo-
nent expression and patient outcome. It is likely that
this is a reflection of our study population that has
relatively few events (relapses and deaths) occurring
during the follow-up period (median, 6.5 years), prob-
ably because of the relatively high proportion of tumors
with a good prognosis within the group. However, be-
cause there was a trend for patients with strong uPA-
expressing tumors to have a shorter time to relapse,
longer follow-up or increased patient numbers may
result in associations becoming more evident.

We observed that stromal fibroblasts expressed
these proteins as well as tumor cells. In fact, our results
suggest that it is this stromal expression, rather than
tumor expression, which is more directly related to
tumor behavior (a distinction that could not be ob-
served using cytosol-based assays). Whenever a cor-
relation was found between uPA, uPAR, and PAI-1 and
any of the parameters studied, the relationship was
strongest with the fibroblastic expression and, in the
case of uPA, this expression was strongest in those
patients who had a shorter relapse-free survival. There
is evidence that in breast cancer the PA components
are synthesized by both epithelial and stromal
cells.34,35 This is consistent with findings that underline
the importance in tumor development and metastases
of the production and activity of various matrix-degrad-
ing enzymes such as stromelysin-3 (one of the matrix
metalloproteinases) and regulators by stromal
cells.6,36 –38

This study builds on earlier work that has found that
expression of uPA, uPAR, and PAI-1 differ significantly
between benign and malignant breast disease. We
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have also found a difference between in situ and inva-
sive tumors with stronger expression in high-grade
tumors. Interestingly, we noted that expression in fibro-
blasts rather than tumor cells might be more important
in this regard. These findings could have implications
for treatment decisions in patients and also for novel
therapy regimens in the future that exploit components
of the plasminogen activator system.
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