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Fig. 3. Correlation between uPA antigen levels and immunohistochemicalstaining for uPA. Ordinate, uPA antigen levels by ELISA (nglmg protein); abscissa. immunohistochemical
staining intensity for uPA. Correlation coefficient, 0.71092; r = 0.0001.
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ments were performed in duplicate.

Assay for uPA Activity

Chromogenic assay for uPA activity (mIU/mg protein) was carried out as
follows. Twenty p1 of tissue homogenate sample and 110 @lof PBS-0.1%
BSA were added to each well of 96-well microtiter plates, and each well was

incubated with 20 @lof the chromogenic substrate for uPA, 5-2444 (1.5
mg/mI, 37Â°C;KabiVitrum, Sweden) for different lengths of time (0â€”30mm)
(26).

Immunoadsorbent-Amidolytic Assay of Enzymatically inactive and
Active uPA in Homogenate Samples

This assay combines the selectivity of immunoassayswith the specificity of
enzyme activity assays exploiting both the antigenic and enzymatic properties
of the two proteins (pro-uPA and HMW-uPA) as described by Corti et aL (27).
Aliquots of tissue homogenate samples were added in triplicate to wells of a

mAb 377 (5.0 @Wml)-coatedmicrotiter plate and incubated for 2 h at 23Â°C.
After three washings with TBS-0.1% BSA, wells were filled either with 150 @l
of 5.0 @&Wmlplasmin solution or with buffer alone. After incubation (1 h,
37Â°C)the plasmin-catalyzed reaction was blocked by adding aprotinin solu
tion. Then 25 s.d/well of S-2444 (1.5 mg/mI) were added. The color was
allowed to develop (0â€”60min, 37Â°C)and read at 405 am in an enzyme
immunoassay reader. The total uPAs and HMW-uPA concentrations were
obtained by interpolating the absorbance of wells treated and untreated with
plasmin on the dose-dependent curve of standards. The concentration of
pro-uPA was obtained by subtracting HMW-uPA from the total uPAs.

Plasmlnogen Activator Casein Plate Assay

A proteolytic plaque assay was performed using a mixture of 1% dry skim

milk, 0.8% agarose, and 40 @gof plasminogen/mI of PBS. Samples were
placed into holes punched into the casein plate (6 h, 37Â°C). The plaques
detected around the holes represent zones of casein lysis.

Zymography

Tissue homogenates were subjected to electrophoresis on 12% SDS-PAGE
and simultaneous determinations of molecular weight and activity were per
formed using casein zymography. Zones of lysis produced by the homogenates
were compared to those produced by known, standard preparations of uPA,
tPA, uPAIPAI-1 complexes, and tPAIPAI-1 complexes.

Statistical Analysis

The survival and progression-free survival curves were calculated from the
first day of treatment by the method of Kaplan and Meier (28), and tests of
differences in survival and progression-free survival distributions were based
on a generalized Wilcoxon test (29). A Student t test was also used to test for
differences between groups of subjects (30).

RESULTS

Immunohistochemical Staining for uPA and PAl-i. Urokinase
typeplasminogenactivatorandPAl-i werereactedwithformalin
fixed paraffin-embedded sections using APAAP immunohistochemi
cal techniques and optimal antibody incubation conditions (16 h, 4Â°C,
5â€”10 @g/ml).The expressions of uPA and PAl-i in cervical cancer of
the uterus were summarized in Table 1. Of the tumors examined, 50
(81%) of 62 patients were reactive to anti-uPA antibody. Strong
immunostaining for uPA was found in area with invasive growth and
degradation of surrounding normal tissue. In 27 of 50 cases (see Table
1, M), uPA was clearly present in some malignant cells at the leading
edge of invasively growing tumor nests (Fig. la, group A). In 23 cases
(seeTable1,5),however,theuPAstainingwasconfinedtothetumor
stromal cells, while rather weak or no staining of the malignant
epithelial cells was detected (Fig. lb, group B). In the remaining 12
cases, these tumors showed rather weak or no uPA staining in both
malignant cells and tumor stromas (group C). Seventy-one % (20 of
28) of patientswith lymph node involvementdemonstratedstrong
reactivity (@++) with the uPA antibody, whereas 26% (8 of 34) of
node-negative tumors showed reactivity. A positive correlation was
observed between lymph node status and the uPA antibody reactivity.
A significant higher lymph node-positive rate was observed in pa
tients having tumors with strong uPA stainings than in those having
tumorswithweakstainings(P = 0.0010).

Tissue sections obtained from 31 patients (50%) were stained with
mAb against PAl-i. Most of tumor nests showed weak or mild PAl-i
staining (Fig. lc; see Table 1). PAl-i was mostly localized in the
tumor nests, associated with the tumor cells; in addition, it was present
in vessel walls but absent from the stroma (data not shown). Diffuse
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Fig. 4. Correlation between uPA antigen leveis
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ELISA (ng/mg protein); abscissa@uPA activities
(mIU/mg protein). Correlation coefficient,
0.72833; r = 0.0001.

0 10 20 30

a
a
4-,
0

a.
a

a

.@
a.a

uPA actlvity(IIU/iiprotein)

staining of PAl-i was identified in the cytoplasm of the cancer cells.
Most patients showed evenly distributed staining. Only 3 cases in
group C showed weak immunohistochemical staining of tumors for
PAl-i. In another set of experiments, PAl-i antigen was partially
purified from tumor tissues using concanavalin A-Sepharose. We
confirmed that tumor cells produced the latent form of PAl-i, since
HMW-uPA can bind only to guanidine-HC1-treated PAl-i (Fig. 2).

ELISA Analysis In Cervical Cancer Tissues. The determination
of uPA antigen was performed using the uPA ELISA (Table 1). The
uPA antigen was about 11 times higher in cancer tissues compared
with the normal cervix [mean, 2.63 ng uPA/mg protein (range, 0.1â€”
9.9) versus0.23ng uPA/mgprotein(range,0.05â€”1.21),respectivelyj.
uPA contents (mean Â±SD) in group A (uPA was clearly present in
malignant cells), group B (the uPA staining was confined to the tumor
stroma), and group C (these tumors showed no uPA staining in both

malignant cells and tumor stroma) were 3.01 Â±1.60, 3.51 Â±2.52,
and 0.47 Â± 0.48 ng/mg protein, respectively (A versus B,
P = 0.0837; A versus C, P = 0.0017; B versus C, P = 0.0001). The
uPA antigen level was more than 6-fold increased in groups A and
B comparedwith that in group C. The results of uPA ELISA
indicate that the method of immunohistochemical staining for uPA
enables a semiquantitative determination of the levels of uPA
expression(Fig. 3). Tissue homogenatesfrom cervicalcancer
patients with lymph node metastasis at the time of surgery showed
higher levels of uPA (3.99 Â±2.21 ng/mg protein) than those from
cases without lymph node involvement (1.45 Â±1.28 ng/mg protein)
(P = 0.0176).

uPA activity was about 3 times higher in patients with lymph node
involvement than in those without nodal spread. Significant correla
tion was seen between the value of uPA activity and the uPA antigen
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Fig. 5. Correlation between PAl-i antigen levels and immunohistochemical staining for PAl-i. Ordinate, PAl-i antigen levels by EUSA (ng/mg protein); abscissa, immunohis
tochemical staining intensity for PAl-i. Correlation coefficient, 0.79609; r = 0.0001.
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were confirmed by Western blot analysis (Fig. 7). The homogenates
obtained from cervical cancer tissues with lymph node involvement
exhibited a Mr 80,000 lytic band corresponding to uPA/PAI-1 com
plexes, whereas no such activity could be detected in tumors without
nodal spread, as shown by casein zymography and confirmed by
Western blot using anti-uPA and anti-PAl-i (Fig. 8). uPA activity
increased in parallel with the uPA/PAI-1 complex lysis areas in the
tumors with lymph node involvement, compared to those without
lymph node involvement.

Patients' Prognosis. The survival and progression-free survival
curve of these patients were calculated according to the method of
Kaplan and Meier. The overall survival rate at 3 years for group A
patients (uPA was present in malignant cells) versus group B (the uPA
staining was confirmed to the tumor stroma) versus group C (no uPA
staining in both malignant cells and tumor stromas) was 96% versus
73% versus 100% (Fig. 9A). The median duration of survival of group
B patients was 58 months, whereas those of group A and C patients
have not been reached and will exceed 60 months. The overall
survival rate was worst in group B patients, suggesting that the
localization of the uPA in stromal cells than in malignant cells is a
predictor of poor prognosis in patients with cervical cancer (A versus
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Fig. 7. Western blot and zymographic analysis. Activators are indicated by ePA (Lane
1, 5 iag) and tPA (Lane 4, 5 i.&g),activator/inhibitor complexes by uPA-PAI-1 (Lane 2;
uPA 5 @.tg,PAl-i 2 @g)and tPA/PAI-1 (Lane 5; tPA 5 pg. PAl-i 2 @.tg).Lane 3,
zymography for Lane 2; Lane 6. zymography for Lane 5. Markers (m) are shown in
thousands.
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Fig. 6. Plasminogen activator casein plaque assay. Control standards [0.1 @gof
HMW-uPA (Lane 1) or 0.3 @.&gof tPA (Lane 2)] and 10 gd of tissue homogenates
[obtained from case 1 with lymph node mnvolvement (Lane 3) and case 5 without lymph
node involvement (Lane 4)] and 50 @.dof tissue homogenates [from normal cervix (Lane
5)] were incubated with anti-catalytic antibody against uPA (10 @tg)(B), with anti
catalytic antibody against tPA (10 gig) (C), or without addition of any antibodies (A) (4
h, 37Â°C).uPA (Lane 1) [or IPA (Lane 2)J lytic area disappeared in the presence of the
antibody to uPA (or tPA) in the casein plate gel. The lytic area vanished with the antibody
to uPA in the homogenized samples obtained from each patient with (Lane 3) or without
(Lane 4) lymph node involvement. The normal cervix tissue extracts expressed mainly
tPA (Lane5).

level (Fig. 4). Pro-uPA and HMW-uPA levels in tumor extracts were
measured by immunoadsorbent-amidolytic assay. The finding of a
significant increase in amidolytic activity followed activation of uPAs
by plasmin suggests that more than one-half (60â€”90%)of all immu
noreactive uPAs among the extracts of cervical cancers are present in
the enzymatically inactive pro-uPA form. The patients with poor
prognosis showed lower values of pro-uPA/total uPA ratio (Table 1).

Next we investigated the occurrence of PAl-i in human uterine
cervical cancers. It has been demonstrated previously that a high level
of PAl-i in human breast carcinoma is associated with poor progno
sis. PAl- 1 levels were measured by ELISA. Tissue homogenates from
cervical cancer patients with lymph node metastasis showed higher
levels of PAl-i (5.05 Â±3.23 ng/mg protein) than those from cases
without lymph node involvement (2.17 Â± 1.97 ng/mg protein)
(P = 0.0316). In addition, we confirmed that the results of PAl-i
ELISA indicate that the method of immunohistochemical staining for
PAl-i enables a semiquantitative determination of the levels of PAl-i
expression (Fig. 5). PAl-i antigen levels were found to increase in
parallel with the uPA antigen levels ([uPAJ = 0.9478 +
0.4812 x [PAl-i]; r = 0.65944, P = 0.0001).

Casein Plate Assay and Zymogram Experiments. The casein
plate assay showed an increase in uPA-specific lysis (uPA activity)
and a marked decrease in tPA-specific lysis (tPA activity), as deter
mined by the lysis areas, in cervical cancer tissues compared with
normal cervix (Fig. 6). Zones of lysis produced by tumors were
identified as being of uPA since their activity was completely blocked
by specific anti-catalytic antibody against uPA (Fig. 6, Lanes 3 and 4).
Tissue homogenates were electrophoresed on 12% SDS-polyacrylam
ide gels, and PA activities were visualized on casein/plasminogen
containing agarose underlay gels. Activators indicated by uPA and
tPA and activator/inhibitor complexes by uPA/PAI-i and tPA/PAI-1

ml 23 456

Fig. 8. Western blot and zymographic analysis of cancer tissues for plasminogen
activator activity. Brackets indicate an individual patient. Lanes I to 3. case 3 without
lymph node involvement; Lanes 4 to 6, case 1 with lymph node involvement; Lanes 1 and
4, zymography; Lanes 2 and 5. Westem blot using anti-uPA antibody; Lanes 3 and 6.
westemblotusinganti-PAl-iantibody.Zymogramsshowedan increasein uPAactivity
and uPA/PAI-1 complexes, as determined by the lysis area and by Western blot, in cancer
tissues with lymph node involvement compared with those without lymph node involve
ment.
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B, P = 0.0048;A versusC, P = 0.3933;B versusC, P = 0.0410).In
addition, the estimated 3-year progression-free survival was also
worse in group B patients compared with group A patients. The
localization of uPA in stromal cells has been shown to be associated
with early relapse of this malignancy (Fig. 9B; A versus B,
P = 0.0037; A versus C, P = 0.0771; B versus C, P = 0.0039).

A positive correlation was observed between lymph node metasta
sis and the reactivity of antibody directed to uPA or PAl-i antigen.
The impact of uPA and/or PAl-i antigen levels was studied. Overall
progression-free survival was significantly worse when the uPA levels
were >2.63 ng/mg protein (mean uPA value) (P = 0.0005). A similar
tendency was observed with respect to survival, although there was no
statistically significant difference (P = 0.1323). With respect to PAl-i,
there was a significant correlation between high levels [PAl-i@ 3.50

I

B

I

ng/mg protein (mean PM-i value)] and shorter overall survival
(P = 0.0128) and progression-free survival (P = 0.0044). Survival at
3 years for uPA@ 2.63/PM-i@ 3.50 versus uPA@ 2.63IPAI
1 < 3.50 versus uPA < 2.63/PAl-i@ 3.50 versus uPA < 2.63/PM
1 < 3.50 patients was 61% versus 83% versus 80% versus 94%,
indicating that overall survival rate was worst in uPA@ 2.63/PA!-
1@ 3.50 patients, and PM-i < 3.50 patients showed better prognosis
(Fig. 10).

DISCUSSION

uPA is localized to the cell surface and is particularly abundant in
areaswheretumor cells are invadingnormal tissue.This observation
is in agreement with the hypothesis that uPA is implicated in tumor

GroupB

10 20 30 40 50 60 70

10 20 30

Months

GroupC

GroupB

40 50 80
Months

Fig. 9. Probability of survival (A) and progression-free survival (B) in patients with cervical cancer according to uPA localization. A. In group A (â€”, n = 27), uPA was clearly
present in malignant cells. In Group B ( , n = 23), the uPA staining was confined to the tumor stroma, while no staining of the malignant epitheial cells was detected. In Group
C (â€”â€”â€”,n = 12),thesetumorsshowedno uPAstainingin bothmalignantcellsandtumorstromas.Theoverallsurvivalratewasworstin groupB patients.B versusA, P = 0.0048.
B. The localization of uPA in stromal cells has been shown to be associated with early relapse of this malignancy. B versus A, P = 0.0037.
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Fig. 10. Impact of uPA and PAl-i level on overall survival (A) and progression-free survival (PFS) (B) according to uPA/PAI-1 subgroup. The patients were divided into 4 groups
with levels of the indicated parameter below and above the mean values of uPA and PAl-i. The cutoff values of uPA and PAl-i were 2.63 and 3.50 ng/mg protein, respectively. â€”
(n = ii), high uPA/high PAl-i; (n = 7), high uPA/low PAl-i; â€”â€”â€”â€”(n = 5), low UPA/high PAl-i; â€”â€”â€”(n = 18), low uPMow PAl-i.

invasion and metastasis (31â€”34).It has been concluded that uPA receptor-ligand interaction is rapid, and the receptor is saturated at low
positivity of human breast tumors is an important independent van- concentrations. uPA is bound to a specific surface receptor that is not
able for the identification of patients at high risk for recurrence. completely saturated. The total amount of uPA binding sites showed

In our previous in vitro experiments (25, 35), we have shown that no significant difference between tumors with and without lymph
uterine cervical tumors (a mixture of malignant cells and stromal node involvement. However, the percentages of free and occupied
cells) have uPA molecules in cell membranes and that most of the uPA binding sites were significantly different. Approximately 80% of
membrane-associated uPA is enzymatically inactive pro-uPA. The uPA receptors are occupied in tumor cells with lymph node involve
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ment, while â€”50%of uPA receptors are occupied in node-negative
tumors. A positive correlation was observed between lymph node
status and uPA expression (25).

In this study we have focused our attention to tumor-associated
uPA and its specific inhibitor PA!-!. We used immunohistochemical
staining methods, zymographic experiments, and Western blot anal
ysis to examine the distribution and enzymological activities of uPA
and PM-i in 62 cases with cervical cancer of the uterus. In some
cervical cancer tissues, the much stronger uPA immunostaining in
stromal cells than in malignant cells determined in this study is in
agreement with previous workers (11), who have reported using
immunohistochemical staining and in situ hybridization methods that
the most uPA found in colon adenocarcinomas is located in the
fibroblast-like stromal cells. They have speculated that the cancer
cells may secrete substances that attract these uPA-containing cells
from other parts of the body, stimulate their proliferation, or induce
uPA synthesis in the stromal cells. These findings lead one to spec
ulate that uPA is produced and released from one cell type and
subsequently bound to the uPA receptor on another cell type (1 1).

We show here that a statistically significant higher lymph node
positive rate was observed in patients having tumors with strong uPA
and/or PM-i staining (higher uPA and/or PAl-i concentrations were
confirmed by ELISA) than in those with weak stainings (lower uPA
and/or PM-i concentrations), suggesting that increased uPA and/or
PAl-i contents result in increased lymph node metastatic potential
(15, 16, 18). We havedemonstratedthatthelevelof PAl-i is higher
in uterine cervical cancers with lymph node involvement than in those
without lymph node involvement, that the level of PAl-i is correlated
with that of uPA, and that a significant relationship was observed
between the level of PM-i in tumor extract and the prognosis. Other
laboratories and we have studied the contents of uPA and its inhibitors
in some malignant tissues, and these studies have suggested that
invasive potential or metastatic spread of malignant cells is charac
terized by a marked increase of uPA and PM-i levels. In spite of
significantly higher PM-i levels in the neoplastic tissues, uPA was
found to be increased as well, both in antigen level and in activity (it
was confirmed by amidolytic assay, zymography, ELISA, and West
era blot). uPA produced by malignant cells can directly bound to the
uPA receptor on their cell surface in an autocrine fashion. Also, uPA
produced by stromal cells can be utilized, in a paracrine fashion, to
potentiate the invasive ability of a uPA receptor-expressing malignant
cells.

The prognostic relevance of uPA and PM-i has been described.
Pro-uPA/uPA content of tissue extracts appears to be an independent
predictor of early relapse in breast cancer enabling high- or low-risk
patients to be selected within the stated risk groups (iO, 36). Similar
results were obtained in cervical cancer of the uterus. Note that the
overall 3-year survival and progression-free survival rate were worst
in group B patients, suggesting that the staining intensities and local
ization of uPA in tissue specimens appear to be a predictor of
increasing risk for lymph node metastasis and early relapse of this
malignancy. Some authors (1 i) and we speculated that some tumor
cells recruit stromal cells to produce uPA and that uPA may act as an
offense mechanism for tumor cell invasion and metastasis.

Although uPA and PAl-i are primarily expressed at invasive foci
and are diffusely stained, cancer-associated increase in uPA seems not
to be affected by PM-i in area where tumor cells are invading normal
tissue. Also, uPA and PM-i may not interact in cytoplasm because of
the predominant existence of latent form PM-i and enzymatically
inactive pro-uPA. PM-i may not act as a defense mechanism for
tumor cell invasion in the leading edge of tumor growth. PM-i itself
could have unknown autocrine growth stimulator activities for cancer
cells, although active PM-i may work to inhibit the uPA activity. In

addition, if tumor cells produce an excess amount of proteases,
uncontrolled matrix degradation may be caused and the attachment
between cells and extracellular matrix in the early stages of cell
invasion may be interrupted (37). The inhibition of excessive uPA
activity by PM-i may stabilize cell matrix attachment and subse
quently facilitate cell migration (37). Although the functional role of
PM-i in tumor biology is unknown, PM-i plays a role in enhancing
tumor spread by the mechanisms that are involved in angiogenesis
(38) or that promote tumor cell division.

Biological and clinical relevance of uPA and PM-i must be eval
uated to determine whether the staining intensity and localization of
uPA are useful as clinical parameters in cervical cancer of the uterus,
what is involved in a paracrine uPA induction in this malignancy, and
why PM-i may not act as a defense mechanism for tumor cell
invasion and metastasis in the leading edge of tumor growth. No
detailed clinical studies to evaluate the impact of tumor-associated
uPA and PM-i on uterine cervical cancer in larger series have been
performed. Analysis of a larger number of patients or a prolonged
observation of the patients is needed to clarify these questions.
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