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Abstract

Background. Urokinase-type plasminogen activator (uPA) and plasminogen activator inhibitor type 1 (PAI-1) contribute to the invasiveness of
many carcinomas. Here, we studied a possible association between cytosolic uPA and PA-1 concentrations in tumor tissue with prognosis in
patients with endometrial cancer.

Methods. Cytosolic concentrations of uPA and PAI-1 were determined in 69 primary endothelial adenocarcinomas using an enzyme-linked
immunoassay (ELISA). A possible influence of uPA and PAI-1 was studied by multivariate Cox regression adjusting for the established clinical
prognostic factors FIGO-stage, grading, depth of invasion, diabetes mellitus and age.

Results. Both uPA ( p=0.011) and PAI-1 ( p=0.003) were associated with relapse free time using the multivariate proportional hazards model.
Association with overall survival was less pronounced with p=0.021 for uPA and p=0.358 for PAI-1. Concentrations of PAI-1 increased with
FIGO stage ( p=0.003) and with histological grading ( p=0.005). Both uPA and PAI-1 concentrations were negatively correlated with estrogen
and progesterone receptor levels.

Conclusion. The combination of high cytosolic concentrations of uPA (N5 ng/mg total protein) and high PAI-1 (N20 ng/mg total protein) may
reveal a group of patients with increased risk of progression.
© 2008 Published by Elsevier Inc.
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Introduction

The urokinase (uPA) and plasminogen activator inhibitor
system is involved in remodelling tissues during invasion and
metastasis of tumor cells [1–3]. PAI-1 is a direct and fast acting
inhibitor of urokinase (uPA) [4,5]. As a consequence conversion
of plasminogen to plasmin is reduced. PAI-1 also binds to the
extracellular matrix compound vitronectin, thereby limiting the
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binding of vitronectin to the integrin receptor αvβ3 [5,3,6].
Both mechanisms inhibit proteolysis, adhesion and migration.
Such inhibition has been demonstrated in vascular smooth
muscle cells [7,5], macrophages [8] and mouse embryonic
fibroblasts [4]. However, in tumor cells the situation seems to be
complex. It has been shown that PAI-1 can alternatively retard
or enhance cell migration and adhesion [7,9,2,10]. Recently, it
has been shown that also the concentration of PAI-1 is critical
for tumor invasion in vivo [2]. At physiological concentrations
host PAI-1 was reported to promote in vivo tumor invasion and
angiogenesis. In contrast, supraphysiological PAI-1 concentra-
tions inhibited tumor vascularization. This scenario suggests a
“Dr. Jekyll and Mr. Hide” situation for PAI-1. Its influence on
cell adhesion and migration seems to depend on the cell type,
conformation and on the concentration.
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Table 1
Characteristics of patients with endometrial cancer (n=69)

Number evaluated
(n=69)

% Not
evaluable

FIGO-stage 4
Stage I 40 58.0
Stage II 10 14.5
Stage III 13 18.8
Stage IV 2 2.9

Histologic grade 1
Grade I 21 39.9
Grade II 30 44.1
Grade III 17 25.0

Histological type 0
Adenocarcinomas 69 100.0
Others 0 0.0

Depth of invasion a 0
Limited to endometrium 8 11.6
Inner third of myometrium 22 31.9
Mean third of myometrium 12 17.4
Outer third of myometrium 27 39.1
low a 30 43.5
high a 39 56.5

Metastasis b 7
No 50 72.5
Yes 12 17.4

Diabetes Mellitus 0
Yes 12 17.4
No 57 82.6

Age at surgery
≥60 years 53 76.8 0
b60 years 16 23.2

mean (years)±standard
deviation

66.9±11.9

Body size 0
(cm, mean±standard
deviation)

162.9±6.0

Weight 0
(kg, mean±standard
deviation)

77.6±15.6

a Depth of invasion was classified into low (infiltration maximally of the inner
third of the myometrium) and high (infiltration of the middle or outer third of the
myometrium).
b “Metastasis”: if new tumor growth was observed at one of the following

sites: para-aortic-lymph nodes, pelvis, bone, lung, liver or vagina.
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Stimulated by these results we determined concentrations of
uPA and PAI-1 in cytosolic fractions of endometrial carcinomas
and studied a possible associationwith time to relapse. Both, uPA
and PAI-1 were associated with time to relapse. Therefore, PAI-1
seems to act rather as “Mr Hyde” in the setting of endometrial
cancer.

Materials and methods

Patients and tissue samples

Between 1985 and 2000 269 consecutive patients with histologically proven
endometrial cancer have been treated at the Department of Obstetrics and
Gynecology at the University Hospital in Mainz. Surgically obtained tissue was
shock frozen and stored at −80 °C. Fresh frozen tissue specimens were available
of only 69 of these consecutive patients for three reasons: (i) Aliquots of the
frozen tissue specimens were additionally histologically controlled. If the
fraction of tumor cells was smaller than 90%, the sample was not included into
the present study. (ii) No tissue could be frozen from some patients with small
tumors. (iii) For diagnostic reasons no fresh tissue was available from several
patients. The fact that tissue was available from only 25% of the patients may
lead to selection for more aggressive tumors in the analyzed cohort, since the
tumor can be more easily seen at surgery allowing for adequate retrieval of fresh
tissue for freezing. Therefore, we systematically compared patients of whom
fresh frozen tissue was versus was not available. No significant differences have
been observed concerning relapse-free survival, overall survival, FIGO-stage,
grading and depth of invasion (data not shown).

Based on information from hospital records, including surgical notes and
pathologic reports a database was generated. Histological tumor type and grade,
weight, height and age of the patients, diabetes mellitus, FIGO stage, type of
surgery and pathologic TNM classification have been included. The FIGO stage
followed the surgical staging system for endometrial carcinoma of 1988 [11].
The body mass index (BMI) has been calculated using the formula BMI=
[weight/(height)2]. Relapse free time was calculated as the difference between
the date of surgery and observation of metastasis. In our set of patients meta-
stasis occurred in para-aortic-lymph nodes, pelvis, bone, lung, liver and vagina.
Evaluation of all histological specimens has been performed by an experienced
pathologist (Dr. M. Schmidt). All tumors have been classified according to the
WHO/ISGPY classification [12]. The tumor grade has been determined as
described by Kurman et al. including architectural and nuclear features [13]. The
depth of invasion has been classified as described by Sevin and Angioli de-
pending on infiltration of the inner, middle, and outer third of the myometrium
[14]. For uPA and PAI-1 analysis only histologically controlled tumor specimens
consisting of at least 95% tumor cells without non-neoplastic endometrium or
myometrium have been included into the study. Standard surgical procedure was
abdominal hysterectomy and bilateral salpingo-oophorectomy. Lymph node
dissection was performed in cases where intraoperative frozen sections showed
myometrial infiltration of the outer third of the myometrium and as far as
possible also in cases with cervical involvement depending on factors of general
morbidity of the patient. Patient's characteristics are summarized in Table 1.
Kaplan–Meier plots illustrating the influence of the established clinical factors
FIGO-stage, grading, depth of invasion, diabetes mellitus and age at surgery on
survival time are shown in Supplemental Table 1.

Cytosolic concentrations of urokinase-type plasminogen activator (uPA)
and plasminogen activator inhibitor type 1 (PAI-1)

Frozen tissue corresponding to 100–300 mg wet weight was pulverised
using a stainless steel pestle and mortar on dry ice and suspended in 1.8 ml Tris
buffered saline (TBS), pH 8.5. Subsequently, commercially available kits were
applied (IMUBIND Tissue uPA ELISA Kit, product no. 894 and IMUBIND
Tissue PAI-1 ELISA Kit, product no. 82, American Diagnostica Inc., Green-
wich, USA) according to the manufacturer's instructions. The ELISA employs
murine anti-human uPA or PAI-1 as the capture antibodies. Samples were
incubated in precoated microtest wells. Detection was achieved with secondary
biotinylated antibodies directed against the bound uPA or PAI-1 molecules.
Detection was performed by streptavidin conjugated horseradish peroxidase and
addition of a perborate/3, 3′, 3, 5′-tetramethylbenzidine (TMB) substrate creat-
ing a blue colored solution as a consequence of reaction with HRP [15]. uPA and
PAI-1 concentrations were measured by determination of absorbances at 450 nm
and comparing the values with those of a standard curve. Protein concentrations
of the tissue extracts were determined as described [16,17]. Division of the uPA
or PAI-1 concentrations by the protein concentrations (mg/ml) of the tissues
extracts allowed conversion of ng uPA or PAI-1/ml tissue extract to ng uPA or
PAI-1/mg total protein. The latter was used for statistical analysis. The uPA
ELISA technique detects single chain uPA and high molecular weight forms of
uPA. Also receptor bound uPA and uPA complexed with PAI-1 or PAI-2 is
recognized. The lower detection limit is 10 pg uPA/ml tissue homogenate. The
PAI-1 ELISA detects inactive and active forms of PAI-1 as well as PAI-1



Table 2
Association of uPA, PAI-1 and clinical parameters with time to relapse in
patients with primary endothelial adenocarcinoma using the univariate
proportional hazards model (Cox-analysis)

Factor Relative
risk

95%-Confidence
interval

p-value

uPA expression (ng/mg) 1.244 1.091–1.418 0.001
PAI-1 expression (ng/mg) 1.027 1.011–1.043 0.001
FIGO-stage (stages I, II vs. III, IV) 11.233 2.575–49.007 0.001
Grading (grade I vs. II vs. III) 3.901 0.487–31.246 0.200
Depth of invasion (low vs. high a) 1.589 0.396–6.372 0.514
Diabetes mellitus (no vs. yes) 1.461 0.301–7.098 0.639
Age at surgery

(b60 years vs. ≥60 years)
0.704 0.176–2.824 0.621

Body size (cm) 1.009 0.895–1.138 0.882
Weight (kg) 0.998 0.956–1.041 0.925

a Depth of invasion was classified into low (infiltration maximally of the inner
third of the myometrium) and high (infiltration of the middle or outer third of the
myometrium).

Table 4
Association of uPA, PAI-1 and clinical parameters with survival in 69 patients
with primary endothelial adenocarcinoma using the univariate proportional
hazards model (Cox-analysis)

Factor Relative
risk

95%-Confidence
interval

p-value

uPA expression (ng/mg) 1.244 1.085–1.426 0.002
PAI-1 expression (ng/mg) 1.021 0.999–1.043 0.061
FIGO-stage (stages I, II vs. III, IV) 14.808 2.807–78.104 0.001
Grading (grade I vs. II vs. III) 36.379 0.044–30413 0.295
Depth of invasion (low vs. high a) 4.547 0.547–37.777 0.161
Diabetes mellitus (no vs. yes) 0.886 0.107–7.366 0.911
Age at surgery
(b60 years vs. ≥60 years)

31.890 0.023–43819 0.348

Body size (cm) 1.037 0.888–1.212 0.644
Weight (kg) 1.004 0.953–1.057 0.892

a Depth of invasion was classified into low (infiltration maximally of the inner
third of the myometrium) and high (infiltration of the middle or outer third of the
myometrium).
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complexes. It does not recognize PAI-2. The lower detection limit is 50 pg
PAI-1/ml tissue homogenate.

Determination of estrogen and progesterone receptor levels was performed
as described by Steiner et al. [18].

Statistical analysis

The proportional hazards model was applied to examine whether uPA and
PAI-1 are independent prognostic factors (univariable and multivariable
Table 3
Multivariate proportional hazards model (Cox-analysis) analyzing relapse free
time in patients with primary endothelial adenocarcinoma

Factor Relative
risk

95%-Confidence
interval

p-value

A. uPA expression (ng/mg)
FIGO-stage (stages I, II vs. III, IV) 10.842 1.990–59.079 0.006
uPA expression (ng/mg) 1.301 1.061–1.596 0.011

Not regarded as explanatory:
p-value

Grading (grade I vs. II vs. III) 0.587
Depth of invasion (low vs. high a) 0.183
Diabetes mellitus (no vs. yes) 0.305
Age at surgery

(b60 years vs. ≥60 years)
0.181

B. PAI-1 expression (ng/mg)
FIGO-stage (stages I, II vs. III, IV) 11.600 2.061–65.294 0.005
PAI-1 expression (ng/mg) 1.048 1.016–1.081 0.003

Not regarded as explanatory:
p-value

Grading (grade I vs. II vs. III) 0.382
Depth of invasion (low vs. high a) 0.128
Diabetes mellitus (no vs. yes) 0.191
Age at surgery

(b60 years vs. ≥60 years)
0.067

(A) uPA expression (ng/mg), (B) PAI-1 expression (ng/mg). Analysis was
adjusted to FIGO-stage (stages I, II vs. III, IV), grading (grade I vs. II vs. III),
depth of invasion (low vs. high), diabetes mellitus (no vs. yes) and age at surgery
(b60 years vs. ≥60 years).
a Depth of invasion was classified into low (infiltration maximally of the

inner third of the myometrium) and high (infiltration of the middle or outer
third of the myometrium).
analysis) similarly as described [19,20]. Analysis of interaction terms between
factors was performed as described [21,22]. The proportional hazards assump-
tion was tested by Cox-Snell residuals showing a good fit of all Cox analysis
presented in Results. Kaplan–Meier curves were plotted to assess overall
survival. To visualize interactions between two factors in the Kaplan–Meier plots
products were calculated between these factors and the resulting values were
subdivided into three groups with similar case numbers. Different survival curves
were compared using the log-rank test. A difference between two independent
Table 5
Multivariate proportional hazards model (Cox-analysis) analyzing survival of 69
patients with primary endothelial adenocarcinoma

Factor Relative risk
95%-Confidence
interval

p-value

A. uPA expression (ng/mg)
FIGO-stage (stages I, II vs. III, IV) 12.105 1.729–84.766 0.012
uPA expression (ng/mg) 1.355 1.047–1.754 0.021

Not regarded as explanatory:
p-value

Grading (grade I vs. II vs. III) 0.978
Depth of invasion (low vs. high a) 0.110
Diabetes mellitus (no vs. yes) 0.785
Age at surgery (b60 years vs.
≥60 years)

0.961

B. PAI-1 expression (ng/mg)
FIGO-stage (stages I, II vs. III, IV) 11.135 1.885–65.775 0.008

Not regarded as explanatory:
p-value

PAI-1 expression (ng/mg) 1.015 0.983–1.048 0.358
Grading (grade I vs. II vs. III) 0.973
Depth of invasion (low vs. high a) 0.582
Diabetes mellitus (no vs. yes) 0.838
Age at surgery (b60 years vs.
≥60 years)

0.967

(A) uPA expression (ng/mg), (B) PAI-1 expression (ng/mg). Analysis was
adjusted to FIGO-stage (stages I, II vs. III, IV), grading (grade I vs. II vs. III),
depth of invasion (low vs. high), diabetes mellitus (no vs. yes) and age at surgery
(b60 years vs. ≥60 years).
a Depth of invasion was classified into low (infiltration maximally of the

inner third of the myometrium) and high (infiltration of the middle or outer
third of the myometrium).
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groups was tested by the Mann–Whitney test. The Jonckheere Terpstra test was
applied to test a possible difference between several independent groups.
Statistical analysis was performed using SPSS 14.0 software.
Results

uPA and PAI-1 are associated with prognosis

In order to evaluate the clinical relevance of urokinase-type
plasminogen activator (uPA) and plasminogen activator inhi-
bitor type 1 (PAI-1) we determined uPA and PAI-1 concentra-
tions in cytosolic extracts of 69 patients with endometrial cancer
using enzyme-linked immunosorbent assays (ELISA). Median
concentrations as well as 25 and 75% percentiles were 2.6 (1.6–
4.1) ng/mg total protein for uPA and 7.0 (4.1–18.2) ng/mg total
protein for PAI-1. Because the analyzed samples were collected
throughout a period of 10 years, we analyzed a possible differ-
Fig. 1. Histogram of cytosolic concentrations of uPA (A) and PAI-1 (B). Patients
were divided into three classes with similar case numbers: b2, 2–5 and N5 ng
uPA/mg total protein and b5, 5–20 and N20 ng PAI-1/mg total protein.

Fig. 2. Association of uPA and PAI-1 cytosolic concentrations with survival time
in 69 patients with primary endometrial adenocarcinomas. (A) The differences
between groups with b2, 2–5 and N5 ng uPA/mg total protein were significant in the
log-rank test (p=0.020). (B) Similarly, significant differences were obtained between
groups of patients with b5, 5–20 and N20 ng PAI-1/mg total protein (p=0.010).
ence between older and younger tissue specimens. However, no
correlation with storage time was found.

To study the prognostic relevance of uPA and PAI-1 we first
studied a possible association with time to relapse (Table 2).
Both uPA ( p=0.001) and PAI-1 ( p=0.001) were associated with
time to relapse. The relative risk for uPA and PAI-1 is relatively
small (Table 2). However, it should be considered that uPA as
well as PAI-1 were analyzed as continuous variables with
ranges of 0.5–17.4 ng/mg and 0.7–118.4 ng/mg respectively.
Next, we used the multivariate proportional hazard model to
analyze the prognostic impact of uPA and PAI-1 adjusted for
well-established clinical prognostic factors: FIGO-stage, histo-
logical grading, depth of invasion, diabetes mellitus and age at
surgery. These clinical factors have previously been shown to
be influential in a relatively large cohort of patients with en-
dometrial cancer [23,18]. After stratification to these clinical
factors uPA ( p=0.011) and PAI-1 ( p=0.003) were signifi-
cantly associated with time to relapse (Table 3).

In a next step we studied a possible association of uPA and
PAI-1 with survival (Tables 4 and 5). Using the univariate



Fig. 3. Association of the product uPA×PAI-1 with survival time in 69 patients
with primary endometrial adenocarcinomas. (A) The differences between groups
with b10, 10–100 and N100 ng2/mg2 were significant in the log-rank test
( p=0.020). Obviously, there was no relevant difference between tumors with
b10 and 10–100 ng2/mg2. (B) Therefore, patients were additionally dichot-
omized using 100 ng2/mg2 as a cut-point ( p=0.013).
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proportional hazard model uPA ( p=0.002) was associated with
survival, whereas only a borderline significant association was
obtained for PAI-1 ( p=0.061) (Table 1). The multivariate pro-
portional hazard model adjusted for FIGO-stage, grading, depth
of invasion, diabetes mellitus and age at surgery showed a
significant association of uPAwith survival ( p=0.021), where-
as PAI-1 was not significant ( p=0.358) (Table 5).

The influence of uPA and PAI-1 was also visualized by
Kaplan–Meier plots (Fig. 2). For this purpose patients were
divided into three groups of approximately equal size with b2,
2–5 and N5 ng/mg cytosolic uPA (Fig. 1A). A similar classi-
fication was performed for PAI-1 resulting in three groups of
patients with b5, 5–20, and N20 ng/mg (Fig. 1B). The results
visualize an association of both, uPA and PAI-1, with survival
time (Fig. 2). Especially patients with the highest concentrations
of N5 ng/mg uPA (Fig. 2A) and N20 ng/mg PAI-1 (Fig. 2B)
survived shorter. The result prompted us to ask, whether high
concentrations of both uPA and PAI-1 may be associated with an
even worse prognosis. Unfortunately, the relatively low case
number did not allow a reliable statistical analysis of uPA–PAI-1
interactions. In an explorative approach we multiplied concen-
trations of uPA and PAI-1 and divided into three groups cor-
responding to the products of concentration ranges shown in
Fig. 2A and B. Obviously, patients with low (b10 ng2/mg2) or
intermediate (10–100 ng2/mg2) uPA×PAI-1 products survived
longer compared to patients with uPA×PAI-1 higher than
100 ng2/mg2 (Fig. 3A). The results suggest that high concentra-
tions of both, uPA and PAI-1, resulting in products higher than
100 ng2/mg2 may be associated with a particularly bad prognosis.
However, this observation requires confirmation in larger cohorts.

PAI-1 but not uPA is associated with tumor progression

Concentrations of PAI-1 increasedwith FIGO-stage (Fig. 4A).
The median PAI-1 concentration was 6.2 (3.2–11.1) ng/mg
(25th–75th percentiles) for FIGO stages I, II compared to 14.8
(11.1–41.6) ng/mg for FIGO stages III, IV (p=0.003). A similar
correlation was observed with histological grading (Fig. 4B).
PAI-1 concentrations were 5.2 (3.5–9.0), 6.6 (3.4–14.2) and 18.3
(6.9–30.4) in grade 1, 2 and 3 carcinomas, respectively (p=
0.005). In contrast, uPA concentrations did not correlate with
FIGO-stage and histologic grade (Fig. 4C, D). No correlations
were observed between uPA as well as PAI-1 and diabetes
mellitus as well as age (Supplemental Fig. 3).

PAI-1 and uPA negatively correlate with estrogen and
progesterone receptor levels

We observed a strong decrease in biochemically determined
progesterone receptor levels in tumors with high compared to
intermediate and low cytosolic PAI-1 concentrations (Fig. 5A).
Median progesterone receptor concentrations were 1012 (624–
1890) ng/mg (25th–75th percentiles), 294 (147–597) ng/mg
and 126 (0–674) ng/mg in tumors with b5, 5–20 and N20 ng
PAI-1/mg total protein (pb0.001). Similarly, biochemically de-
termined estrogen receptor concentrations were inversely asso-
ciated with PAI-1 concentrations (p=0.001; Fig. 5B). In contrast,
uPA was neither associated with progesterone nor with estrogen
receptor concentrations (Fig. 5C, D). In order to confirm the result
by an independent technique we determined progesterone as well
as estrogen receptor status by immunostaining. A very similar
scenario was obtained (Supplemental Fig. 4). However, neither
estrogen nor progesterone receptor concentrations were signifi-
cantly associated with time to relapse or with survival.

Discussion

The prognostic relevance of the urokinase activation system
has been intensively studied [1–3]. Especially in breast cancer
high levels of uPA and PAI-1 have been shown to predict poor
prognosis [24,6,25–29]. However, relatively little is known in
endometrial cancer. Higher levels of uPA and PAI-1 were
found in endometrial cancer tissue than in normal endometrium
[30–32]. There are conflicting data regarding the prognostic
role of uPA and PAI-1 in endometrial cancer. Endometrial



Fig. 4. Cytosolic concentrations of uPA and PAI-1 in relation to FIGO-stage (A) and histological grading (B). The difference in PAI-1 concentrations between FIGO
stages I, II versus III, IV tumors was significant in the Mann–Whitney U test ( p=0.003). Similarly, PAI-1 was higher in grade II, III compared to grade I tumors
( p=0.005). In contrast, uPA was not significantly associated with FIGO-stage (C) and grading (D).
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carcinomas with advanced stage and high grade were reported to
have higher uPA and PAI-1 concentrations than tumors of less
advanced stages [32,33]. However, a correlation with these
standard prognostic parameters was not found in other studies
[30,31]. Elevated expression of PAI-1 have been reported to be
associated with shorter survival [33]. Similar results have been
obtained in our study. Cytosolic concentrations of both, PAI-1
and uPA were clearly associated with relapse free survival,
independent from FIGO-stage, grading, depth of invasion, dia-
betes mellitus and age at surgery. In contrast, association with
overall survival was less pronounced. This is not surprising since
overall survival is even the more multifactorial than time to
relapse. Multivariate analysis resulted in a significant associa-
tion for uPA but not for PAI-1.

In contrast to uPA, PAI-1 was associated with FIGO-stage and
grading. We observed a 3.5-fold higher median PAI-1 concen-
tration in grade III compared to grade I carcinomas. Similarly,
PAI-1 concentrations were 1.8-fold higher in FIGO-stage III, IV
compared to FIGO-stage I, II tumor samples. Therefore, grade III,
FIGO III, IV carcinomas are more likely to exceed critical
concentrations of PAI-1, which will probably contribute to the
malignant phenotype of progressed endometrial carcinomas.

Great efforts have been made to identify factors that predict
prognosis in gynaecological carcinomas [34–40]. Compared to
ovarian cancer, prognosis of endometrial carcinomas is much
better [41,42] . Nevertheless, it is of clinical relevance to iden-
tify patients at high risk for progression in early stages, such as
FIGO-stages I and II. Based on the fact that maximally 20% of
patients with FIGO-stage I and II endometrial carcinomas will
experience progression, it is important to establish markers
selecting patients for adjuvant therapy. Due to severe side
effects overtreatment should be avoided and the selection pro-
cess should be as specific as possible. In this respect uPA and
PAI-1 may help to identify patients at risk of relapse. Since the
proportional hazard model proved uPA and PAI-1 as indepen-
dent from FIGO-stage they may be instrumental in identifying
the relatively small fraction of high risk patients also in low
FIGO-stages. Nevertheless, it should be considered that besides
FIGO-stage uPA and PAI-1 are only moderate size prognostic
factors.

Unfortunately, the case number in our study was not suffi-
cient to perform a reliable statistical analysis of interactions
between uPA and PAI-1. Our explorative analysis suggests that
patients with both, high uPA and high PAI-1, resulting in a
product of N100 ng2/mg2 may be associated with a particularly
bad prognosis. However, this observation requires conforma-
tion in a larger cohort.

Recently, Nordengren et al. have demonstrated that PAI-2 is
an independent marker for shorter progression-free survival in
endometrial cancer [43]. Interestingly, the combination of high



Fig. 5. Inverse association between cytosolic PAI-1 concentrations and biochemically determined progesterone (A) as well as estrogen (B) receptor concentrations
( pb0.001 for the difference in progesterone receptor concentrations and p=0.001 for the difference in estrogen receptor concentrations for tumors with PAI-1≥5 ng/
mg vs. PAI-1b5 ng/mg total protein). In contrast cytosolic uPA concentrations did not correlate with progesterone as well as estrogen receptor concentrations.

575E. Steiner et al. / Gynecologic Oncology 108 (2008) 569–576
PAI-2 and high PAI-1 concentrations in tumors revealed a small
group of FIGO-stage I and II patients with an increased risk of
progression. It would be interesting to know, whether a triple-
combination of PAI-1, PAI-2 and uPA allows an even better
identification of high risk patients than only two of these fac-
tors. However, for statistical reasons we could not analyze
interactions of three factors, due to the relatively small number
of patients in our cohort.

In conclusion, we have identified uPA and PAI-1 as inde-
pendent markers for shorter time to relapse in endometrial
cancer. The combination of high cytosolic concentrations of
uPA (N5 ng/mg total protein) and high PAI-1 (N20 ng/mg total
protein) may reveal a group of patients with increased risk of
progression.
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