
Summary. Urokinase-type plasminogen activator (uPA),
its receptor (uPAR) and its inhibitor PAI-1, play a key
role in tumor invasion and metastasis. uPA and PAI-1
were the first novel tumor biological factors to be
validated at the highest level of evidence regarding their
clinical utility in breast cancer. Their antigens are
determined in tumor tissue extracts by standardized,
quality-assured immunometric assays (ELISA). Since
the late 1980s, numerous independent studies have
demonstrated that patients with low levels of uPA- and
PAI-1 in their primary tumor tissue have significantly
better survival than patients with high levels of either
factor. However, it is unclear whether it is their (relative)
levels in the tumor stroma or in the tumor cells
themselves that is most relevant to patient outcome. This
missing knowledge leads to an uncertainty concerning
the management of breast cancer tissue specimens. It is
unclear how much tumor stroma is allowed in one tumor
tissue specimen for an adequate assessment of the
patients' outcome. This is the first study in which tumor
cells and stromal tissue of invasive breast carcinomas
(n=60) were separated by laser capture microdissection
followed by ELISA-based determination of the uPA-,
uPAR- and PAI-1-levels. In addition, we have assessed
uPA-, uPAR- and PAI-1 distribution in formalin-fixed,
paraffin-embedded breast cancer specimens (n=60) by
immunohistochemistry. 

The uPA-, uPAR- and PAI-1 in tumor stroma only,
tumor cells only and not separated tumor tissue did not

show any significant differences in protein-levels
determined by ELISA. Cox regression analysis showed
that patients with high uPA-, high uPAR-, and/or high
PAI-1-levels, as compared to patients with low levels of
either factor, showed a significantly shorter relapse-free
survival and overall survival (p=0.000001). These results
suggest that a strong expression of uPA, uPAR and PAI-1
in the tumor stroma, as well as in tumor cells, have the
same impact on the clinical behaviour of breast cancer.
Conclusion: When using uPA- and PAI-1 levels as
prognostic and predictive factors in breast cancer the
quantity of tumor stroma in the tumor tissue specimen is
not relevant for the assessment of the patients' outcome.
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Introduction

Breast cancer is a heterogeneous disease showing
great variability of biological and clinical behavior. The
determination and location of components of the
plasminogen activator system in breast cancer tissue is
an important issue to address, since there is substantial
evidence that a high concentration of proteolytic factors
in primary breast cancer tissue is essential for tumor cell
spread, intravasation, access to the systemic circulation,
and metastasis. Tumor cells cross host cellular and extra
cellular matrix barriers during tumor invasion and
metastasis by the attachment to and interaction with
components of the basement membrane and the
extracellular matrix, and by local proteolysis.

Tumor stroma is the 
predominant uPA-, uPAR-, PAI-1-expressing 
tissue in human breast cancer: prognostic impact
Ralf Hildenbrand1,2, Antonela Schaaf1, Alexandra Dorn-Beineke3, 
Heike Allgayer4, Marc Sütterlin5, Alexander Marx1 and Philipp Stroebel1
1Institute of Pathology, Medical Faculty Mannheim, University of Heidelberg, Mannheim, Germany, 2Institute of Pathology;
Heilsbachstrasse, Bonn, Germany, 3Department of Laboratory Medicine, Medical Faculty Mannheim, University of Heidelberg,
Mannheim, Germany, 4Department of Experimental Surgery and Molecular Oncology of Solid Tumors, Medical Faculty Mannheim,
University Heidelberg, and DKFZ (German Cancer Research Center) Heidelberg, Germany and 5Department of Gynecology and
obstetrics, Medical Faculty Mannheim, University of Heidelberg, Mannheim, Germany

Histol Histopathol (2009) 24: 869-877

Offprint requests to: PD Dr. Ralf Hildenbrand, Institut für Pathologie,
Heilsbachstrasse 15, 53123 Bonn, Germany. e-mail: hildenbrand@
patho-bonn.de

DOI: 10.14670/HH-24.869

http://www.hh.um.es

Histology and
Histopathology

Cellular and Molecular Biology



Penetrating tumor cells focus proteolytic activity of the
serine protease urokinase-type plasminogen activator
(uPA) secreted by tumor cells or surrounding stromal
cells to the cell surface through a receptor for uPA
(uPAR, CD87), thus facilitating extracellular matrix
degradation, cell proliferation, apoptosis, invasion, and
metastasis (Jaenicke et al., 1990; Schmitt et al., 1997;
Andreasen et al., 2000; Harbeck et al., 1999, 2002, 2004;
Binder et al., 2007; Hildenbrand et al., 2008). The
proteolytic activity of uPA is regulated by the fast and
specific inhibitor plasminogen activator inhibitor type-1
(PAI-1). PAI-1 is able to react with uPAR-bound uPA,
resulting in the formation of uPAR-bound uPA-PAI-1
complex (Durand et al., 2004). McMahon and coworkers
reported that PAI-1 consistently confers proangiogenic
effects, suggesting that PAI-1 may enhance tumor
growth and invasion by stimulating angiogenesis
(McMahon et al., 2001). Several studies assessing both
mRNA and protein levels have found that elevated levels
of the uPA-system are associated with both aggressive
tumor characteristics and poor prognosis. uPA and PAI-1
were the first novel tumor biological factors to be
validated at the highest level of evidence (LOE Ia)
regarding their clinical utility in breast cancer (Harbeck
et al., 2004). However, it is unclear whether it is their
(relative) levels in the stroma or in the tumor cells
themselves that is most relevant to patient outcome. This
missing knowledge leads to an uncertainty concerning
the management of breast cancer tissue specimens. It is
unclear how much tumor stroma is allowed in one tumor
tissue specimen for a valid application of this
measurement, and for an adequate assessment of the
patients' outcome. Immunohistochemistry-based studies
are especially useful in determining the cellular locations
of these proteins and this may help to clarify this point.
However, immunhistochemistry is not quantitative.
Therefore, in the present study tumor cells and stromal
tissue of 60 invasive breast carcinomas were separated
by laser capture microdissection, followed by ELISA-
based determination of the uPA-, uPAR- and PAI-1-
levels. The mean uPA-, uPAR- and PAI-levels in tumor
stroma only (stromal tissue without cancer cells), tumor
cells only, and not separated tumor tissue were
systematically compared and did not show any
significant differences. Interestingly, mean values of
each factor were highest in tumor stroma only.
Moreover, the results from survival analysis suggest that
strong expression of uPA, uPAR and PAI-1 in tumor
stroma only, as well as in tumor cells only, have the
same impact on the clinical behaviour of breast cancer,
as compared to results of non-dissected tissue.
Material and methods

Immunohistochemistry

Immunohistochemistry was performed on 2 µm
thick paraffin-sections using a mouse anti-uPAR-
monoclonal antibody (clone 3B10, IgG2a; American

Diagnostica #3936; 1:100 dilution) to uPAR expressed
by phorbol ester-stimulated promyeloid U937 cells.
Consecutive tissue sections were stained with mAbs to
anti-uPA (American Diagnostica, Germany, #3689) and
anti-PAI-1 (American Diagnostica, Germany #3785).
Immunostaining was based on an alkaline phosphatase-
conjugated streptavidin-biotin detection system
(Amersham Pharmacia Biotech Inc., Piscataway, NJ),
using Fast Red (Roche Diagnostics GmbH) as a
chromogen. For both antibodies antigen retrieval was
achieved by microwave treatment (3x5 min, 600W).
Incubation of the primary antibody was carried out for
60 min at 37°C. Negative controls were performed by
substituting non-immune IgG. For recognising
macrophages, endothelial cells, fibroblasts,
myofibroblasts, smooth muscle cells and lymphocytes,
consecutive tissue sections were stained with mAb to
CD34, CD68, CD45, smooth muscle antigen (SMA) and
to fibroblast antigen (all from DAKO, Hamburg,
Germany). The anti-ER (clone 1D5) and anti-PgR (clone
PgR636) antibodies (all mouse monoclonal), as well as
Hercep Test system for the detection of the HER2/neu
expression came from DAKO (Hamburg, Germany).
Immunohistochemistry was performed using a standard
biotin-streptavidin method with the appropriate antigen
retrieval method for each antibody. With the execption
of Hercep Test, we used Fast Red (Roche. Mannheim,
Germany) as chromogen. Nuclei were counterstained
with hematoxylin.
Assessment of staining results

For assessment of staining results ER- and PgR-
stained tissue sections were evaluated according to the
immunoreactive score (IRS) as described by Remmele
and Stegner (Remmele and Stegner et al., 1987). Tumors
were considered ER- or PgR-positive when at least 10 %
of tumor cell nuclei showed positive immunoreactions.
For the determination of HER2/neu protein
overexpression, only the membrane staining pattern and
intensity of invasive tumor cells were scored.
Immunostaining was scored according to the criteria
specified by DAKO for the interpretation of the Hercep
Test. The score ranged from 0 (negative) to 3+ (strong
membrane signal). In three cases the Hercep Test score
was 2+. In these cases we performed an additional
HER2/neu-fluorescence In situ hybridization analysis
(FISH test) as previously reported (Arens et al., 2005). 

Expression of uPA, uPAR and PAI-1 was based on
the intensity (positive: moderate to strong staining of
cytoplasm) and quantity (>10% positive cells) of
immunostaining. Cells of one case were considered as
positive in a moderate to strong immunoreaction of
cytoplasm (> 10% positive cells). A scoring-system
(grading) was not used.
Laser capture microdissection 

Serial frozen sections (4-8µm) were cut on a
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standard cryostat (Leica, Germany) with a clean blade.
The unfixed tissue sections were immediately stored at -
80°C until use. The frozen sections were stained by
toluidine blue (minimal amount of staining to visualize
the tissue for microdissection; #19.816-1; Sigma,
Germany). After staining and microscopic control of
staining quality and tissue preservation, microdissection
was performed using a laser capture microdissection
microscope (Arcturus) equipped with an infrared laser.
The tissue sections were overlaid with optically
transparent caps, and tissue/cells were captured by focal
melting through laser activation. After visual control of
the completeness of dissection, captured tissue/cells
were washed (TBS (0.002 M Tris HCL, 0.125 M NaCl,
pH 8.5) and destained. Carcinoma cells were completely
separated from tumor stroma by microdissection
yielding 250-300 mg wet weight of separated carcinoma
cells and tumor cell free stromal tissue. Unprocessed
(not microdissected) frozen tumor sections were treated
(washed and destained) equally yielding also 250-300
mg wet weight tissue (tumor cells and tumor stroma).
Between 40 and 80 tissue sections were microdissected
for receiving 250-300 mg wet weight tissue (tumor cells
only and tumor stroma only) per case. Sixty cases of
breast cancer and 10 cases of normal (non-neoplastic)
breast tissue were treated by laser capture
microdissection.
Tissue extraction and ELISA

Tissue extraction and ELISA was performed as
previously reported (Hildenbrand et al., 1998). Briefly,
deep frozen specimens of 250-300 mg wet weight (1.
carcinoma cells only; 2. tumor cell free stromal tissue; 3.
non microdissected tumor tissue) were pulverized by a
micro-dismembrator (Satorius, Göttingen, Germany).
The resulting powder was suspended in 1.8 ml TBS
(0.002 M Tris HCL, 0.125 M NaCl, pH 8.5) and 0.2 ml
of the nonionic detergent Triton X 100 10% (Sigma
München, Germany) yielding a 1% Triton X 100 final
preparation. After gentle stirring for 12 h at 4°C, the
suspension was subjected to centrifugation (21000xg for
60 min, 4°C) in order to separate cell debris. The total
protein content of the extract was measured by using a
conventional biuret-protein reaction assay (bca protein
assay kit; Pierce,Il, USA). We performed an uPA-,
uPAR- and PAI-1 ELISA using commercially available
ELISA-kits (American Diagnostica, Pfungstadt,
Germany, Immubind #893, #894, #821) and a
conventional ELISA-reader (Thermo Multiscan EX)
according to the manufacturers instructions. The
measurements were performed in duplicate. uPA- uPAR-
and PAI-1 content was determined in the Triton X 100
extract and calculated per mg of tissue protein. 

Statistical analysis

Results are expressed as the mean ± standard error

of the mean (SEM) and are considered significant at the
p<0.05 level (two-tailed). Wilcoxon-Mann-Whitney
(rank sum test) was used for statistical analyses.
Relapse-free survival (RFS) and Overall survival (OS)
propabilities were calculated using the acturial method
of Kaplan-Meier (Mantel-Cox log rank test) (Kaplan and
Meier, 1958). Cox regressions model was used to test for
differences and trends. Multivariate analysis was not
performed because of the limited sample size (n=60).
Results

Patients and histomorphological factors

Retrospective analysis of relapse-free survival (RFS)
and overall survival (OS) was performed in 60 patients
with primary, operable, invasive breast cancer. Patients
had been treated for primary breast cancer between
1987-1999 in the Department of Obstetrics and
Gynecology, Faculty Clinical Medicine Mannheim,
University of Heidelberg. Median age of patients at time
of primary surgery was 57±2.3 years (range 31-84
years). Twenty eight patients received modified
mastectomie and 32 patients were treated by breast
conserving therapy, including radiotherapy. All patients
received an axillary lymph node dissection (level-I and -
II). Treatment decisions with regard to primary surgery
and adjuvant systemic therapy were based primarily on
the consensus recommendation at the time. Thirty-nine
patients had positive lymph nodes and were treated by
adjuvant chemotherapy, the majority received CMF
(cyclophosphamide/methotrexate/5-fluorouracil), 10
patients received anthracycline-containing regimes. Fifty
patients received adjuvant hormonal therapy by
tamoxifen, either alone or in combination with
chemotherapy (10 patients). At time of primary therapy,
no patient had any clinical or radiological evidence of
distant metastases. All patients were examined routinely
every 3-6 month during the first 5 years of follow-up and
once a year thereafter. Of the 60 patients examined 55
patients showed evidence of disease during follow up
(local relapse and/or distant metastasis). All 60 patients
died. Fifty-five patients died after previous relapse. Five
patients died without evidence of disease. Mean relapse-
free survival (RFS) was 25±3.5 month (range 1-94
month). Mean overall survival (OS) was 36±4.1 month
(range 1-94 month). 

This limited series of breast cancer patients (n=60)
has been collected in a quite long time interval (1987-
1999), data on prognosis for this cohort of patients are
quite unfavorable (mean RFS of 25±3.5 months; mean
OS of 36±4.1 months). We can not exclude the possible
interference of novel breast cancer treatments on
survival data. Nowadays novel therapy strategies have
considerably improved prognosis of breast cancer
patients.

Tumor sections were stained with haematoxylin and
eosin, and graded according to the Elston and Ellis
criteria (Elston and Ellis, 1991). Fourty-one tumors were
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grade II, 19 were grade III, no tumor was grade I.
Fourty-eight carcinomas were of an infiltrating ductal
type, 12 were of an infiltrating lobular type. Three
tumors were beweeen 18 mm and 20 mm (pT1) in size,
50 tumors were more than 20 mm but not more than 50
mm in size (pT2), 3 tumors were more than 50 mm
(pT3) and four tumors showed an ulcerated epidermis
(pT4). Further characteristics of patients and tumors are
listed in Table 1.
ELISA

This is the first study in which tumor cells and
stromal tissue of invasive breast carcinomas were
separated by laser capture microdissection followed by
ELISA-based determination of the uPA-, uPAR- and
PAI-1-levels (Fig. 1). When tumor cells and stroma were
not separated by laser microdissection, the mean
(±SEM) uPA-level (n=60) was 2.79±0.56 ng/mg (range
0.02-12.5 ng/mg), the mean (±SEM) uPAR-level (n=60)
was 4.00±0.45 ng/mg (range 0.05-11.5 ng/mg) and the
mean (±SEM) PAI-1-level (n=60) was 12.2±2.4 ng/mg
(range 1.3-37.9 ng/mg). When tumor cells and stroma
were separated by laser microdissection, the mean
(±SEM) uPA-level of tumor cells only (n=60) was
2.78±0.63 ng/mg (range 0.02-10.3 ng/mg), the mean
(±SEM) uPAR-level of tumor cells only (n=60) was
4.12±0.53 ng/mg (range 0.05-11.8 ng/mg), and the mean
(±SEM) PAI-1-level of tumor cells only (n=60) was
12.6±2.5 ng/mg (range 0.78-39.6 ng/mg). In stromal
cells only, the mean (±SEM) of uPA (n=60) was
3.12±0.6 ng/mg (range 0.02-12.9 ng/mg), of uPAR
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Fig. 1. Tumor cells and stromal tissue of invasive breast carcinomas
(n=60) were separated by laser capture microdissection followed by
ELISA-based determination of the uPA- (A), uPAR- (B) and PAI-1-levels
(C). No significant differences between mean values (mean±SEM) of
uPA, PAI-1 and uPAR exsist although tumor tissue was separated into
tumor stroma only and tumor cells only. Regarding tumor stroma only,
there is a statistical trend towards elevated levels of each factor as
compared to not separated tumor tissue, or tumor cells only (p<0.05).
Mean values of each factor are highest in tumor stroma.

Table 1. Patients and tumor characteristics.

All patients n=60

Age (years ) mean±SEM (range) 57±2.3 (31-84)
Tumor size (mean±SEM)(range) 31.1±3.5mm (19-63 mm)
pT1 3
pT2 50
pT3/4 7
Positive nodes (mean±SEM)(range) 3.3±0.5 (1-12)
Removed nodes (mean±SEM)(range) 18.3±2.6 (10-35)
pN0 n=21
pN1-3 n=39
Grade1 n=0
Grade 2 n=41
Grade 3 n=19
ER positive n=52
ER negative n=8
PR positive n=52
PR negative n=8
Her2neu positive n=11
Her2neu negative n=49
L0/V0 n=11
L1 and/or V1 n=49
Ki67 %(mean±SEM)(range) 22.3±2.4% (5%-61%)
uPA (ng/mg) (mean±SEM)(range) 2.79±0.55 (0.02-12.46) n=60
uPAR (ng/mg) (mean±SEM)(range) 4.00±0.45 (0.05-11.5) n=60
PAI-1 (ng/mg) (mean±SEM)(range) 12.2±2.5 (0.78-39.6) n=60



4.46±0.54 ng/mg (range 0.05-12.9 ng/mg), of PAI-1
14.2±2.7 ng/mg (range 0.94-41.6 ng/mg). The uPA-,
uPAR- and PAI-1 amounts of non-separated tumor tissue
was not significantly different from those in tumor cells
only, or from stromal tissue only (p>0.05) (Fig. 1). 

A cut-off point of uPA (3.0 ng/mg) and PAI-1 (14
ng/mg) in ELISA was previously defined and validated
by different authors (Foekens et al., 2000; Harbeck et al.,

2004). For uPAR (4.0 ng/mg), the arithmetic mean was
defined as a cut-off point (Schmalfeldt et al., 1995).
According to these cut-off points, the patients were
separated into high- and low risk groups, and analyzed
by Kaplan-Meier. Figure 2 shows the relationship
between uPA (A), uPAR (B) and PAI-1 (C), and both
RFS and OS for all patients. The actuarial Kaplan-Meier
curves for each factor are identical when separating
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Fig. 2. Relationship between
uPA (A+B), uPAR (C+D) and
PAI-1 (D+E) and both RFS
and OS for all patients (n=60).
According to the cut off points
(uPA: 3.0 ng/mg; uPAR: 4.0
ng/mg; PAI-1: 14.0 ng/mg) the
patients were separated into
high- and low risk groups and
Kaplan-Meier curves were
calculated. After separating
tumor tissue into tumor stroma
and tumor cells by micro-
dissection, determining the
three factors by ELISA and
grouping according to the cut
off values, the high- and low
risk groups did not show any
differences, and the Kaplan-
Meier curves are identical.
Patients with high levels of
uPA (>3.0 ng/mg), high levels
of uPAR (>4.0 ng/mg) and
high levels of PAI-1 (>14.0
ng/mg) have a worse
prognosis than patients with
low levels of the factors
(p<0.000001, for each factor;
Cox regressions analysis).
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Fig. 3. A. Immunohistochemical staining of an invasive ductal carcinoma using anti-uPA antibody. Cancer cells, fibroblasts (arrowhead) as well as
tumor associated macrophages (arrows) are positive. B. Immunohistochemical staining of an invasive ductal carcinoma using anti-uPA antibody.
Cancer cells do not show any anti-uPA immunoreaction, whereas tumor associated macrophages (arrows) exhibit a strong anti-uPA immunoreaction.
C. Immunohistochemical staining of an invasive ductal carcinoma using anti-uPAR antibody. Cancer cells express the uPAR antigen. Some cancer
cells show a distinct anti-uPAR immunoreaction of their cell membranes. Tumor associated macrophages (arrowhead) as well as fibroblasts (arrow) are
also positive. D. Immunohistochemical staining of a ductal carcinoma in situ (DCIS) using anti-PAI-1 antibody. Periductal tumor associated
macrophages (arrow) exhibit a strong PAI-1 expression, whereas tumor cells show a faint anti-PAI-1 immunoreaction only. E. Immunohistochemical
immunoreaction of normal (non-neoplastic) breast tissue using anti-PAI-1 antibody. Epithelial cells of the breast gland are negative. Some resident
macrophages (arrows) express PAI-1. F. Immunohistochemical staining of a ductal carcinoma in situ (DCIS) using anti-uPAR antibody. Myoepithelial
cells (arrows) are positive, whereas tumors cells show only a faint anti-uPAR immunoreaction. A, B, x 200; C, F, x 100



tumor tissue into tumor stroma only and tumor cells only
by laser capture miscrodissection. As found for non-
separated tumor tissue, patients with high levels of uPA
(>3.0 ng/mg), high levels of uPAR (> 4.0 ng/mg), and
for high levels of PAI-1 (>14.0 ng/mg) have a worse
prognosis than patients with a low amount of these
factors (p<0.000001, for each factor). 

Additionally, 10 cases of normal (non-neoplastic)
breast tissue were examined in the same way, yielding
the following results: Non separated tissue
(mean±SEM): uPA:0.03±0.005 ng/mg; PAI-1: 2.03±0.2
ng/mg; uPAR: 0.04±0.02 ng/mg. Separated stroma only
(mean±SEM): uPA:0.04±0.01 ng/mg; PAI-1: 2.23±0.1
ng/mg; uPAR: 0.06±0.03 ng/mg. Separated epithelial
cells (of non-neoplastic breast glands) (mean±SEM):
uPA:0.03±0.006 ng/mg; PAI-1: 2.1±0.1 ng/mg; uPAR:
0.05±0.02 ng/mg. No significant differences were found.
Correlation of the uPA-system and other traditional
prognostic factors

No correlations were found between uPA, uPAR and
PAI-1 and tumor size, grade, nodal status, ER- and PR-
status, HER2neu-status, or menopausal status. These
results are in agreement with other authors, who
previously reported that the prognostic impact of uPA
and PAI-1 is independent of these other prognostic
factors (Harbeck et al., 2004).
Immunohistochemistry

To localize uPA, uPAR and PAI-1 in breast cancer
tissue, we studied the 60 cases of invasive breast
carcinomas by immunohistochemistry (Fig. 3). Strong
uPA and PAI-1 expression was seen in the tumor cells of
59 of 60 cases. uPAR expression in cancer cells was
found in 38 of 60 cases. In all of the breast cancer tissues
examined fibroblasts/myofibroblasts, as well as
macrophages, showed a distinct immunoreaction with
mAb to anti-uPA, anti-uPAR, and anti-PAI-1. Likewise,
the tissue specimens were screened for reactivity of
endothelial cells with the various antibodies: PAI-1 was
positive in 50 cases, uPAR in 25 cases and uPA in 55
cases. In 35 cases the invasive breast carcinomas
examined were associated with DCIS-components. In all
of these cases, intraductal tumor cells expressed uPA and
PAI-1, and in 17 cases intraductal tumor cells expressed
uPAR. 

Additionally, we examined the 10 cases with normal
(non-neoplastic) breast tissue. In all cases, macrophages
exhibited staining for uPA, uPAR, and PAI-1. Epithelial
cells of normal breast glands showed a positive
immunoreaction in 4 cases with anti-uPA and anti-PAI-1
antibodies. In the same four cases, some fibroblasts
expressed uPA and PAI-1. In one case, uPAR was
expressed by epithelial cells and some fibroblasts.
Discussion

Biochemical assays using tumor tissue extracts from

breast cancer tissues show that high levels of expression
of components of the urokinase system are associated
with a poor prognosis (Foekens et al., 2000; Harbeck et
al., 2002, 2004). uPA and PAI-1 were the first novel
tumor biological factors to be validated at the highest
level of evidence (LOE Ia) regarding their clinical utility
in breast cancer (Harbeck et al., 2004). However, up to
date it is unclear whether it is their (relative) levels in the
stroma or in the tumor cells themselves that is most
relevant to the patient's outcome. This missing
knowledge leads to an uncertainty concerning the
standardized management of breast cancer tissue
specimens. It is unclear how much tumor stroma is
allowed in one tumor tissue specimen for using this
method correctly, and for a valid prediction of the
individual patient's outcome. This is the first study in
which tumor cells and stromal tissue of invasive breast
carcinomas were separated by laser capture
microdissection, followed by ELISA-based
determination of the uPA-, uPAR- and PAI-1-amounts.
Our results demonstrate (Fig. 1) that no significant
differences between mean values (uPA, PAI-1, uPAR) of
tumor stroma only, tumor cells only, or whole tumor
tissue extract exist. Regarding tumor stroma only, there
was a trend of elevated levels of each factor as compared
to non-separated tumor tissue or tumor cells only (Fig.
1). Mean values of each factor are highest specifically in
the tumor stroma. 

Statistical analysis of patients with a high level of
each factor compared to patients with low levels of
either factor showed a significant shorter relapse-free
survival and overall survival. Kaplan-Meier curves were
exactly similar when expressions in tumor stroma only
or tumor cells only were analyzed. These results indicate
a strong collaboration of tumor stroma and tumor cells
and suggest that a strong expression of uPA, uPAR and
PAI-1 in tumor stroma only, as well as in tumor cells
only, have the same impact on the clinical behaviour of
breast cancer. 

These results are an important issue for the practical
use of tissue sampling. When using uPA- and PAI-1
amounts as prognostic and predictive factors in breast
cancer, the quantity of tumor stroma in the tumor tissue
specimen is not relevant for the assessment of the
patients' outcome. This is important information from
this work, since it suggests the analysis of the u-PA-
system in breast cancer as one of the most robust tests
for predicting outcome at a high level of clinical
evidence. 

Our ELISA results are confirmed by our
immunohistochemical analysis. In all cases uPA, uPAR
and PAI-1 were expressed in tumor-associated
macrophages and fibroblasts of the tumor stroma. In
nearly all (59/60) breast cancer tissues examined,
carcinoma cells express uPA and PAI-1. In one case,
carcinoma cells do not show any anti-uPA or anti-PAI-1
immunoreaction (immunohistochemical staining was
performed several times and in different areas of the
tumor), whereas uPAR was expressed by the tumor cells.
In this case a strong uPA and PAI-1 expression in
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macrophages and fibroblasts was found and uPA-
amounts and PAI-1-amounts in isolated tumor cells were
1.82 ng/mg and 7.49 ng/mg, respectively. In this case,
one could speculate that uPA and PAI-1 are present in
amounts below the detection level of the antibody. 

The immunohistochemical localizations of
components of the uPA system have previously been
reported by other authors (Constantini et al., 1991; Del
Vecchio et al., 1993; Bianchi et al., 1994; Christensen et
al., 1996; Jahkola et al., 1999; Dublin et al., 2000; Haas
et al., 2008). These studies are in agreement with ours
with respect to the presence of the uPA-system in
carcinoma cells. In contrast to most of the other studies,
we found a strong expression of the uPA-system in
tumor-associated macrophages and fibroblasts in all
invasive breast carcinomas and associated DCIS-
components. Stromal expression of components of the
uPA-system was also found by Constantini and
coworkers (1994), Christensen et al. (1996), Dublin et al.
(2000) and Haas et al (2008). They reported that in most
cases stromal cells and macrophages express
components of the uPA-system. Dublin and coworkers
found that fibroblasts were anti-uPA, anti-uPAR and
anti-PAI-1 positive. In the present study, we furnish
evidence that tumor associated macrophages (TAM) and
tumoral fibroblasts strongly express uPA, uPAR and
PAI-1 in all cases examined. In normal (non-neoplastic)
breast tissue, fibroblasts express uPA and PAI-1 in four
out of ten cases, whereas macrophages were positive in
all normal breast tissues examined. The increased
expression (ELISA and immunohistochemistry) in
TAMs and tumoral fibroblasts implies that there is a
specific response to tumor growth. The lower levels
found in macrophages and fibroblasts of normal breast
tissue also indicate that there is more to the tumor-
stroma response than is suggested by the concept that
tumors are wounds that do not heal (Dvorak, 1986). The
differences between invasive tumors and DCIS suggest
that loss of the basement membrane and myoepithelial
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.
Furthermore, macrophages are a major component of the
lymphoreticular infiltrate of breast cancer, and these
cells may promote tumor growth rather than being
cytotoxic to tumor cells (Zuk and Walker 1987).
Previously, we have isolated different macrophages from
normal breast tissue, as well as from breast cancer tissue,
and have found that TAMs in breast cancer possess
significantly higher levels of uPA, uPAR and PAI-1
compared to resident macrophages of normal breast
tissue (Hildenbrand et al., 1998, 1999). Thus, cancer
cells may activate TAMs by paracrine and juxtacrine
interactions, and this could result in elevated levels of
the uPA-system contributing to tumor progression.

The predominant expression of uPA, uPAR and PAI-
1 in the tumor stroma reflects the importance of this
compartment for the paracrine function of this system,

and implies a collaboration between the stroma and
cancer cells. Our results suggest that strong expression
of uPA, uPAR and PAI-1 in tumor stroma, as well as in
tumor cells, have the same impact on the clinical
behaviour of breast cancer. A better understanding of
stromal contributions to cancer progression will likely
increase our awareness of the importance of the
combinatorial signals that support and promote tumor
growth, invasion and metastasis, and eventually result in
the identification of new therapeutics targeting both
tumor stroma and tumor cells, and the uPA-system as a
paracrine interplay between both. 
Acknowledgements. This research was supported by the Deutsche
Krebshilfe, Dr. Mildred-scheel-Stiftung für Krebsforschung, Germany,
10-1507H, and by research funds of the Faculty of Clinical Medicine
Mannheim, University of Heidelberg, Germany. H.A. was supported by
Alfried Krupp von Bohlen und Halbach Foundation, Essen, Germany,
Dr. Hella-Buehler-Foundation, Heidelberg, Germany, the Hector
Foundation, Weinheim, and Dr. Ingrid-zu-Solms Foundation,
Frankfurt/Main. P.S. and A.M. are supported by European Union grant
LSHB-CT-2003-503410 (Euro-Thymaide) and grant 10-1740 of
Deutsche Krebshilfe.

References

Andreasen P.A., Egelund R. and Petersen H.H. (2000). The
plasminogen activator system in tumor growth, invasion, and
metastasis. Cell Mol. Life Sci. 57, 25-40

Arens N., Bleyl U. and Hildenbrand R. (2005). HER2/neu, p53, Ki67,
and hormone receptors do not change during neoadjuvant
chemotherapy in breast cancer. Virchows Arch. 446, 489-496.

Bianchi E., Cohen R.L., Thor A.T., Todd III R.F., Mizukami I.F.,
Lawrence D.A., Ljung B.M., Shumann M.A. and Smith H.S. (1994).
The urokinase receptor is expressed in invasive breast cancer but
not in normal breast tissue. Cancer Res. 54, 861-866.

Binder B.R., Mihaly J. and Prager G.W. (2007). uPAR-uPA-PAI-1
interactions and signaling: A vascular biologist's view Thromb.
Haemost. 97, 336-342.

Constantini V., Zacharski L.R., Memoli V.A., Kudryk B.J., Rousseau
S.M. and Stump D.C. (1991). Occurrence of components of
fibrinolysis pathways in situ in neoplastic and non-neoplastic human
breast tissue. Cancer Res. 51, 354-358.

Christensen L., Simonsen A.C.W., Heegaard C.W., Moestrup S.K.,
Andersen J.A. and Andreasen P.A. (1996). Immunohistochemical
localization of urokinase-type plasminogen activator, type-1
plasminogen activator inhibitor, urokinase receptor and ·2-
macroglobulin receptor in human breast carcinomas. Int. J. Cancer
66, 441-452.

Del Vecchio S., Stoppelli M.P., Carriero M.V., Fonti R., Massa O., Li
P.Y., Botti G., Cerra M., D'Aiuto G., Esposito G. and Salvatore M.
(1993). Human urokinase receptor concentration in malignant and
benign breast tumors by in vitro quantitative autoradiography:
comparison with urokinase levels. Cancer Res. 53, 3198-3206.

Dublin E., Hanby A., Patel N.K., Liebmann R. and Barnes D. (2000).
Immunohistochemical expression of uPA, uPAR and PAI-1 in breast
carcinoma. AJP 157, 1219-1227.

Durand M.K.V., Bodker J.S., Christensen A., Dupont D.M., Hansen M.,

876
The uPA-system in tumor stroma



Jensen J.K., Kjelgard S., Mathiasen L., Pedersen E.K., Skeldal S.,
Wind T and Andreasen P.A. (2004) Plasminogen activatot inhibitor-1
and tumour growth, invasion, and metastasis. Thromb. Haemost. 91,
438-449.

Dvorak H.F. (1986). Tumors: Wounds that do not heal. Similarities
between tumor stroma generation and wound healing. N. Engl. J.
Med. 315, 1650-1659.

Elston C.W. and Ellis I.O. (1991) Pathological prognostic factor in breast
cancer. 1. The value of histological grade in breast cancer:
experience from a large study with long term follw-up.
Histopathology 19, 403-410.

Foekens J.A., Peters H.A., Look M.P., Portengen H., Schmitt M.,
Kramer M.D., Brünner N., Jänicke F., Meijer-van Gelder M.E.,
Henzen-Logmans S.C., van Putten W.L.J. and Klijn J.G.M. (2000)
The urokinase system of plasminogen activation and prognosis in
2780 breast cancer patients. Cancer Res. 60, 636-643.

Haas S., Park T.W., Hahne J.C. and Fischer H.P. (2008). Influence of
preoperative core biopsies on uPA/PAI-1 expression in breast
cancer tissue. Virchows Arch, 452, 277-283.

Harbeck N., Kates R.E., Gauger K., Willems A., Kiechle M., Magdolen
V. and Schmitt M. (2004). Urokinase-type plasminogen (uPA) and its
inhibitor PAI-1: novel tumor-derived factors with high prognostic and
predictive impact in breast cancer. Thomb. Haemost. 91,450-456.

Harbeck N., Kates R.E., Look M.P., Meijer-van Gelder M.E., Klijn
J.G.M., Krüger A., Kiechle M., Jänicke F., Schmitt M. and Foekens
J.A. (2002). Enhanced benefit from adjuvant chemotherapy in breast
cancer patients classified high-risk according to urokinase-type
plasminogen activator (uPA) and plasminogen activator inhibitor
type-1. Cancer Res. 62, 4617-4622.

Harbeck N., Thomssen C., Berger U., Ulm K., Kates R.E., Höfler H.,
Jänicke F., Graeff H. and Schmitt M. (1999). Invasion marker PAI-1
remains a strong prognostic factor after long-term follow-up both for
primary breast cancer and following first relapse. Breast Cancer
Res. Treat. 54, 147-157.

Hildenbrand R., Jansen C., Wolf G., Böhme B., Berger S., von
Minckwitz G., Hörlin A., Kaufmann M. and Stutte H.J. (1998).
Transforming growth factor-ß stimulates urokinase expression in
tumor-associated macrophages of the breast. Lab. Invest. 78, 59-71.

Hildenbrand R., Wolf G., Böhme B., Bleyl U. and Steinborn A. (1999).
Urokinase plasminogen activator receptor (CD87) expression of

tumor-associated macrophages in ductal carcinoma in situ, breast
cancer, and resident macrophages of normal breast tissue. J
Leukocyte Biol. 66, 40-49.

Hildenbrand R., Gandhari M., Stroebel P., Marx A., Allgayer H. and
Arens N. (2008). The urokinase-system- role of cell proliferation and
apoptosis. Histol. Histopathol. 23, 227-236.

Jaenicke F., Schmitt M., Hafter R., Hollrieder A., Babic R., Ulm K.,
Gossmer W. and Graeff H. (1990). Urokinase-type plasminogen
activator (uPA antigen is a predictor of early relapse in breast
cancer. Fibrinolysis 4, 69-78.

Jahkola T., Toivonen T., von Smitten K., Virtanen I., Wasenius V.M. and
Blomqvist C. (1999). Cathepsin D, urokinase plasminogen activator
and typ-1 plasminogen activator inhibitor in early breast cancer: an
immunohistochemical study of prognostic value and relations to
tenascin -C and other factors. Br. J. Cancer 80, 167-174.

Kaplan E.L. and Meier P. (1958). Nonparametric estimation from
incomplete observations. J. Am. Stat. Assoc, 53, 457-481.

McMahon G.A., Petitclerc E., Stefansson S., Smith E., Wong M.K.,
Westrick R.J., Ginsburg D., Brooks P.C. and Lawrence D.A. (2001).
Plasminogen activator inhibitor-1 regulates tumor growth and
angiogenesis. J. Biol. Chem. 276, 33964-33968.

Remmele W. and Stegner H.E. (1987). Vorschlag zur einheitlichen
Definierung eines immureaktiven Score (IRS) für den
immunhistochemischen Östrogenrezeptornachweis (ER-ICA im
Mammakarzinomgewebe. Pathologe 8, 138-140.

Schmalfeldt B., Kuhn W., Reuning U., Pache L., Dettmar P., Schmitt M.,
Jänicke F., Höfler H. and Graeff H. (1995). Primary tumor and
metastasis in ovarian cancer differ in their content of urokinase-type
plasminogen activator, ist receptor, and inhibitors types -1 and -2.
Cancer Res. 55, 3958-396.

Schmitt M., Harbeck N., Thomssen C., Wilhelm O., Magdolen V.,
Reuning U., Ulm K., Höfler H., Jänicke F. and Graeff H. (1997).
Clinical impact of the plasminogen activation system in tumor
invasion and metastasis: prognostic relevance and target for
therapy. Thromb. Heamost. 78, 285-296.

Zuk J.A. and Walker R.A. (1987). Immunohistochemical analysis of HLA
antigens and mononuclear infiltrates of benign and malignant breast.
J. Pathol. 152, 275-285.

Accepted February 2, 2009

877
The uPA-system in tumor stroma


