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ABSTRACT: Urokinase-type plasminogen activator (u-PA) is known to be secre-
ted by malignant cells during proliferation and migration, and is associated with
tumour cell invasion and metastasis. This study was undertaken to evaluate
whether u-PA is significantly increased in carcinomatous pleural fluids compared
to those due to other aetiologies, and to identify the cells in the pleural space that
are involved in its accumulation.

Using an enzyme-linked immunosorbent assay, we quantified u-PA in the pleur-
al fluid specimens of 40 patients with carcinomatous pleuritis, 18 with tuberculo-
sis, 18 with parapneumonic pleuritis and 11 with congestive heart failure (CHF).

The level of u-PA was elevated in carcinomatous pleural fluid compared with
the level in transudative pleural fluid from patients with CHF (p<0.0001). The lev-
els of u-PA were not statistically different between patients with cancer and tuber-
culosis, or between patients with cancer and pneumonia. The levels of u-PA in
patients who did not respond to chemical pleurodesis were significantly higher
than those who had complete response (p=0.0001). In immunocytochemical and
immunoblotting studies, cancer cells in pleural fluids as well as mesothelial cells
contained u-PA. u-PA was detected in the culture supernatants of viable pleural
cells in the majority of patients with carcinomatous pleuritis.

Our results suggest that local release of urokinase-type plasminogen activator
by viable cells, including cancer cells and mesothelial cells, may affect the levels
of urokinase-type plasminogen activator in pleural fluids.
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The plasminogen activator (PA)-plasminogen activa-
tor inhibitor (PAI) system plays an important role in
many physiological and pathological processes, includ-
ing tumour cell invasion and metastasis [1, 2]. It has
been demonstrated that tumour tissues have a higher
content of extractable urokinase-type plasminogen acti-
vator (u-PA) compared to normal tissues [3, 4]. Further-
more, it has been shown that u-PA is secreted by several
kinds of malignant cell during proliferation and migra-
tion [5–8].

In carcinomatous pleuritis, it is currently thought that
abnormalities of coagulation and fibrinolysis in the ple-
ural space might be associated with the formation of
profuse pleural fluids. It has not been fully determined
which cells regulate fibrinolytic activity. Although PAI-
1 is abundant in inflamed and carcinomatous pleural
fluid [9, 10], comparatively little is known about the
presence of and the role played by u-PA in both types
of pleuritis [10, 11]. In the present study, we assessed
the involvement of u-PA, one of the most crucial fac-
tors in the fibrinolytic system, in carcinomatous and
inflamed pleuritis. We investigated which cells in the
pleural space contained u-PA. The clinical significance
of u-PA levels in carcinomatous pleuritis as a predic-
tive tool in chemical pleurodesis is also discussed.

Materials and methods

Patient groups and collection of pleural fluid

Using a standard thoracocentesis technique, pleural
fluids were obtained from 87 hospitalized patients. All
40 patients with carcinomatous pleural fluid had pul-
monary adenocarcinoma which is the leading cause of
malignant pleural fluids at our hospital. Bronchoscopic
tumour biopsy was performed in all patients. The diag-
nosis of adenocarcinoma was made on the basis of his-
tological specimen. The patients were enrolled only  when
they were proven to have malignant effusion, confirm-
ed by cytology of the fluid or percutaneous pleural bio-
psy. 

Intracavitary chemical sclerosing treatment with a strep-
tococcal preparation, OK-432 (Chugai Pharmaceutical
Co., Tokyo, Japan) [12], was performed in 27 of the 40
patients with carcinomatous pleuritis. Informed consent
was obtained before the procedure was undertaken. The
remaining 13 patients did not undergo pleurodesis be-
cause of their poor performance status, their refusal to
undergo the treatment, or the presence of loculated fluid.
Before the pleurodesis was initiated, the pleural fluid
was maximally drained by a chest tube. The criteria
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adopted by PALADINE et al. [13] were used to assess the
response to the sclerosing agent. The term "responder"
defined those patients who had complete response, with
no further accumulation of fluid for more than 30 days.
The term "nonresponder" defined those patients who
had partial response, with recurrence of effusion less
than 50% of the original volume within 30 days after
treatment, and patients who showed reaccumulation of
effusion more than 50% of the original volume within
30 days of treatment.

Benign pleural fluid was taken from 18 patients with
tuberculosis, 18 with parapneumonic pleuritis, and 11
with congestive heart failure (CHF). Pleural fluid was
defined as tuberculous by showing the growth of Myco-
bacterium tuberculosis on culture of pleural fluid and/or
sputa, or granulomas in the biopsied specimen of pleura,
and with a favourable response to antituberculosis the-
rapy [14]. Parapneumonic fluid was defined as that with
a glucose concentration greater than 40 mg·dL-1 and with
no organisms seen on Gram staining or found on cul-
ture of pleural fluid in patients with bacterial pneumo-
nia [14]. All pleural fluids from patients with CHF were
transudates and fluids from other diseases were exu-
dates, using criteria with serum and pleural fluid pro-
tein and lactic acid dehydrogenase (LDH) values [15].

The pleural fluids were immediately centrifuged to
remove cells and debris, and were then stored at -30°C
for measurement of u-PA. 

Cancer cell line derived from pleural fluid TKB-30

The human pulmonary adenocarcinoma cell line, TKB-
30, which was derived from carcinomatous pleural fluid,
was established in our laboratory in 1993 [9, 16]. The
cancer cells were cultured in Dulbecco's modified Eagle's
medium (DMEM; Gibco, Grand Island, NY, USA) sup-
plemented with 5% foetal bovine serum (FBS; M.A.
Bioproducts, Walkersville, MD, USA) in a humidified
5% CO2 atmosphere. 

Enzyme-linked immunosorbent assay (ELISA) for u-PA

An ELISA for u-PA was performed in all pleural fluid
samples, using a commercially available kit (Biopool,
Umeå, Sweden). u-PA standards were used to generate
an absorbance curve, from which the duplicate values
for each pleural fluid sample were read and averaged.
The lower limit of detection was 0.5 ng·mL-1. Values
below this level were assumed to be zero. 

Immunoblotting of pleural fluid

The molecular weight (MW) of u-PA in the different
groups of 32 exudative pleural fluids (16 patients with
carcinoma, 8 patients with tuberculosis, 8 patients with
parapneumonic pleuritis) was evaluated using the im-
munoblotting method, and was compared with that in the
cell lysate or the culture supernatant of TKB-30 cells.
The analysis was performed as described by HOLLAS et
al. [17]. Pleural fluid was electrophoresed in a 12.5%
polyacrylamide gel, and the dissolved proteins were
transferred to a nitrocellulose filter. The filter was block-

ed with a 3% bovine serum albumin (BSA) solution and
incubated with a 1:5,000 dilution of monoclonal anti-
body to human u-PA (American Diagnostica, Greenwich,
CT, USA). It was then washed extensively with phos-
phate-buffered saline (PBS) containing 0.05% Tween-
20 (PBS-T) and incubated with peroxidase-labelled
secondary antibody. Thereafter, it was washed with PBS-
T and exposed to X-ray film after completion of the
chemiluminescence reaction, using enhanced chemilu-
minescence (ECL) (Amersham Life Science, Bucking-
hamshire, UK). 

u-PA production by viable cells from pleural fluids

To evaluate the capacity for u-PA production by viable
cells in pleural fluids or the TKB-30 cells, an in vitro
study was undertaken. The viable cells were obtained
from the pleural fluid of six patients with carcinoma-
tous pleuritis, four patients with tuberculosis, and two
patients with parapneumonic pleuritis. Cells from the
pleural fluid were isolated by Ficoll-isopaque (Pharma-
cia Fine Chemicals, Uppsala, Sweden) density gradient
centrifugation. The band of mononuclear cells at the
interface of the gradient was removed, and the cells
were washed twice with PBS. The 15×104 viable pleural
cells or 10×104 TKB-30 cells were plated in 9 cm2

plastic culture dishes, and were cultured in DMEM sup-
plemented with 5% FBS. Approximately 20% of these
viable cultured cells were cancer cells in carcinomatous
pleural fluids. After 4 days of culture, the culture super-
natants were collected, and cells and cell debris were
removed by centrifugation. Less than 30% of the plat-
ed cells were alive both in malignant and nonmalignant
pleural fluids. The concentration of u-PA was assayed
by ELISA. u-PA was not detected in DMEM with 5%
FBS. 

Immunohistochemical staining for u-PA

Freshly isolated pleural cells were also cultured on
glass slides in plastic dishes, followed by fixation with
95% ethanol. The fixed cells were washed with PBS
and stained according to the standard immunohisto-
chemical procedure [18], using a monoclonal antibody
against human u-PA (American Diagnostica, Greenwich,
CT, USA). A negative control, in which the primary
antibody was omitted, showed negative staining. 

Statistical analysis

Comparison between the two groups was made using
the Mann-Whitney U-test and the Chi-squared test. A
p-value less than 0.05 was considered significant. Val-
ues are expressed as mean±standard deviation (SD).

Results

u-PA in pleural fluid

The concentration of u-PA was elevated in carcinoma-
tous pleural fluid (mean±SD 14.2±20.1 ng·mL-1) compared
with the level in transudative pleural fluid from patients



with CHF (1.9±1.4 ng·mL-1). The difference was sig-
nificant (p<0.0001) (fig. 1). In the benign pleural fluid,
there were also differences according to the underly-
ing diseases. The levels of u-PA in tuberculous pleural
fluid (4.8±2.0 ng·mL-1) and in parapneumonic pleural
fluid (9.6±10.0 ng·mL-1) were higher than the level in
the transudates (p=0.001 and p=0.002, respectively). How-
ever, u-PA levels were not statistically different bet-
ween patients with cancer and tuberculosis (p=0.184),
or between patients with cancer and pneumonia (p=
0.512). The level of u-PA in exudates (1.9±1.4 ng·mL-1)
was higher than that in transudates (p=0.001).

In order to discriminate malignant and nonmalignant
pleural fluids, we determined the cut-off levels of u-PA
using the operating characteristics curve analysis [19].
It was set to 6.2 ng·mL-1, which gave a sensitivity of
50% and specificity of 57%. As shown in figure 1, the
cut-off levels of u-PA, with such a wide overlap, are
not useful as a discriminatory diagnostic test.

The u-PA/total protein ratio for the pleural fluid from
each disease was examined to clarify the mechanism
behind the increased level of u-PA (table 1). The car-
cinomatous group had significantly higher u-PA/total
protein ratios than the CHF group (p=0.045), which sug-
gest augmented production of u-PA in the pleural space
of the patients with carcinomatous pleuritis, in contrast
with the permeation of protein in CHF. 

u-PA and response to chemical pleurodesis

In 27 patients with carcinomatous pleuritis treated
with OK-432 by the intrapleural route, 13 (48%) showed

a complete response. There were no significant differ-
ences between the responders and the nonresponders
with regard to age, gender, or characteristics of the fluid
(table 2). As shown in figure 2, u-PA concentration in
pleural fluid in the nonresponders (26.0±20.6 ng·mL-1)
was higher than that in the responders (4.6±2.6 ng·mL-1)
(p=0.0001). 

Immunoblotting

Figure 3 shows Western blot analysis of pleural effu-
sions, TKB-30 cell lysate and its supernatant. The
immunoblotting was performed in 32 exudative pleural
effusions. Figure 3 presents the typical pattern for ade-
nocarcinoma (2 cases), tuberculosis (1 case), and pneu-
monia (1 case). The remaining 28 effusions showed the
same patterns. The observed MW was 55 kDa, which
was the expected size of u-PA. In this experiment, we
also observed weak and broad bands ranging 80–90
kDa. In the cell lysate and the culture supernatants of
TKB-30 cells, the observed MW of u-PA was 55 kDa
(fig. 3).

u-PA release by viable cells from pleural fluids

u-PA was detected in the culture supernatants of viable
pleural cells from 5 of the 6 patients with carcinoma-
tous pleuritis (6.1±10.7 ng·mL-1). In one of four patients
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Table 1.  –  u-PA/total protein ratios in pleural fluid from
patients with different diseases

Diagnosis               u-PA/total protein              p-value*

CHF 0.94±0.60  -
Cancer 2.69±3.46  0.045
Parapneumonia 2.52±2.63 0.065
Tuberculosis 1.10±0.40 0.398

u-PA: urokinase-type plasminogen activator; CHF: conges-
tive heart failure. *: p-values are shown versus CHF.

Table 2.  –  Characteristics of the patients with carci-
nomatous pleuritis who were treated by chemical pleu-
rodesis

Non-
Responder       responder   p-value

Patients  n   13   14 NS

Age  yrs 58±15 67±9  NS

Sex  M/F  6/7  9/5  NS

Characteristics of fluid
Specific gravity 1.035±0.002 1.034±0.005 NS

Total protein  g·dL-1 4.6±0.6  4.6±0.9  NS

LDH  IU·L-1 604±281 1069±1102  NS

Responder: patients who responded to chemical pleurodesis;
nonresponder: those who did not respond. Criteria for the as-
sessment of response were those adopted by PALADINE et al.
[13]. M: male; F: female; LDH: lactic acid dehydrogenase;
NS: nonsignificant.

Fig. 1.  –  Levels of urokinase-type plasminogen activator (u-PA) in
transudative pleural fluid from patients with congestive heart failure
(CHF), carcinomatous pleural fluid, tuberculous pleural fluid, and para-
pneumonic pleural fluid. Each point represents one pleural fluid value.
The bars indicate the mean values of u-PA in pleural fluids among
each groups of patients. A dotted line indicates the cut-off level.

Fig. 2.  –  Comparison of concentration of urokinase-type plasmino-
gen activator (u-PA) in responders and nonresponders to chemical
pleurodesis. The bars indicate the mean values of u-PA in pleural flu-
ids among each group of patients.
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with tuberculous pleuritis, and one of two patients with
parapneumonic pleuritis, a low level of u-PA was found
(0.5 and 0.6 ng·mL-1, respectively). u-PA was detect-
ed in pleural fluids in all of these 12 patients (4.2±2.8
ng·mL-1).

When the same study was performed using TKB-30
cells, u-PA levels in the culture supernatants increased

in association with the number of viable cancer cells
(fig. 4).

The immunocytochemical study showed the localiza-
tion of u-PA in viable cells isolated from pleural fluid.
Strong cytoplasmic staining of u-PA was demonstrated
in cancer cells of all six patients. Mesothelial cells from
all four patients with tuberculous pleuritis showed var-
ied cytoplasmic staining, whilst there was no staining
in lymphocytes and neutrophils.

Discussion

The fibrinolytic system in pleural fluids was first
studied by AGRENIUS et al. [20], who showed that PAI-1
plays an important role in the regulation of fibrinoly-
sis. We have previously studied the levels of tissue-type
plasminogen activator (t-PA) and PAI-1 in pleural flu-
ids, and demonstrated that not only in malignant but
also in inflamed exudates those levels were higher than
those in transudates due to CHF [9]. IDELL et al. [10]
reported that u-PA levels were increased in all pleural
exudates as compared to transudates, whereas t-PA lev-
els were increased only in carcinomatous pleural fluid.
There is one report in the literature of increased fib-
rinolytic activity in the pleural transudates of a pati-
ent with CHF, partly due to urokinase [21]. Recently,
PHILIP-JOET et al. [11] reported that both u-PA and t-PA
levels were increased in malignant effusions, particu-
larly in those due to lymphoma; their study included
various types of neoplastic diseases. Since the involve-
ment of u-PA in carcinomatous and inflamed pleuritis
has not yet been fully elucidated, we undertook the pre-
sent study, in which we investigated pleural fluids in
pulmonary adenocarcinoma, the leading cause of malig-
nant pleural effusion [22, 23], and in tuberculosis as
well as parapneumonic pleuritis.

Firstly, we found that the levels of u-PA in carcino-
matous pleuritis were significantly higher than those in
transudates due to CHF; however, u-PA levels were not
statistically different between patients with cancer and
tuberculosis, or between patients with cancer and pneu-
monia. Therefore, we consider that u-PA is not a use-
ful clinical parameter in distinguishing carcinomatous
pleuritis from benign pleuritis. In Western blot analy-
sis, the observed MW was 55 kDa both in malignant
and inflamed pleural fluids. Weak and broad bands
ranging 80–90 kDa were also noted, which were con-
sidered to be intact complexes of u-PA and PA-inhibi-
tors [21].

Secondly, there was a significant difference between
u-PA levels in pleural fluids in the nonresponders to
chemical pleurodesis and those in the responders. In
other words, the results suggest that elevated u-PA lev-
els in carcinomatous pleuritis would provide clinical
information about the outcome of chemical pleurodesis.
The complete response rate (48%) in this study using
OK-432 as sclerosing agent, was disappointing as com-
pared to the results with other agents commonly used
in the United States or Europe, such as tetracycline, talc
or bleomycin. Since the levels of u-PA were only exam-
ined in carcinomatous pleuritis due to pulmonary ade-
nocarcinoma, our conclusions might not be applied to
other types of lung cancer or to pleural metastasis of

Fig. 3.  –  Western blot analysis of pleural fluid from patients with
carcinomatous pleuritis (lanes 1 and 2), patient with tuberculous pleu-
ritis (lane 3), and patient with parapneumonic pleuritis (lane 4). Lanes
5 and 6 were cell lysate and culture supernatant of TKB-30 cell,
respectively. In every lane, the observed molecular weight was 55
kDa, which was the expected value of urokinase-type plasminogen
activator (u-PA).

Fig. 4.  –  Production of urokinase-type plasminogen activator (u-PA)
by TKB-30 cells, a cancer cell line derived from carcinomatous pleu-
ral fluid. TKB-30 cells (10×104) were plated into 9 cm2 tissue cul-
ture dishes. After preincubation for 2 days, the culture medium was
changed and cultured with 5% FBS (    ● ) or 0% FBS (    ❍ )
for 4 days. The cell numbers were determined by haemocytometer
counts in triplicate. FBS: foetal bovine serum.
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nonpulmonary tumours. Further prospective studies will
be needed to confirm the results of this study.

Recently, there have been other reports concerning
the relationship between the fibrinolytic system and
chemical pleurodesis or pleural symphysis [10, 20].
RODRIGUEZ-PANADERO et al. [24] demonstrated that increa-
sed pleural fibrinolytic activity, as expressed by D-dimer
levels, is associated with failure of pleurodesis, despite
significant inhibitory activity of PAI [24]. They sug-
gested that there is a strong fibrinolytic action from can-
cer cells in the pleural space, leading to an imbalance
between PA and PAI that results in increased fibrino-
lytic activity [24]. On the other hand, STRANGE et al. [21]
tested early intrapleural instillation of u-PA or heparin
to interrupt formation of pleural adhesion induced by
tetracycline in rabbits. Intrapleural instillation of u-PA
or heparin were equally effective in decreasing intra-
pleural adhesion in tetracycline-induced pleural injury.
Their results indicated that early fibrinolytic interven-
tion can attenuate subsequent pleural symphysis. Taking
these results together with our own, we agree with the
hypothesis that an increased endopleural fibrinolysis
due to the u-PA and PAI system would lead to failure
of pleurodesis, and intervention in the fibrinolytic sys-
tem would change the results of pleural symphysis [21].

Finally, we demonstrated that u-PA is present in the
culture supernatants of viable pleural cells containing
cancer cells or mesothelial cells. Immunocytochemical
study also showed cytoplasmic staining of u-PA in these
cells. The human pulmonary adenocarcinomatous cell
line, TKB-30 cell, derived from carcinomatous pleural
fluid released u-PA in a dose-dependent manner, and im-
munostaining of the cell line also showed u-PA in the
cytoplasm. Furthermore, the synthesis of u-PA from hu-
man cancer cells has been confirmed by the presence
of messenger ribonucleic acid (m-RNA) [25]. Therefore,
part of u-PA in pleural fluids might be derived from
cancer cells and mesothelial cells in the pleural space.
However, we cannot exclude the possibility that the
cells may have taken up u-PA from the pleural fluid
and stored it in their cytoplasm, since the results from
this study are not definite proof of production of u-PA
by these cells.

There was a discrepancy between in vivo and in vitro
levels of u-PA. Although u-PA was demonstrated in all
pleural effusions, it was not always present in the cul-
ture supernatants of pleural cells. u-PA was not detec-
ted in the culture supernatants from 1 of the 6 patients
with carcinomatous pleuritis and from 3 of the 4 patients
with tuberculous pleuritis. However, the immunostain-
ing showed u-PA in the cytoplasm of cancer cells and
mesothelial cells in these patients, which might reflect
differences in the release of u-PA from these cells.

The sources of u-PA in pleural spaces are not known,
but it may be derived either from pleural cells and/or
the circulation. The interaction of cells through cyto-
kines and growth factors [26] may be involved in the
local production and exudation of u-PA. Since the en-
vironment in the present culture system was totally
different from that in in vivo pleural spaces, it would
be difficult to compare in vivo and in vitro u-PA lev-
els. Further studies will be required to determine the
mechanisms for the in vivo and in vitro production of
u-PA.

In conclusion, our study suggests that local release of
urokinase-type plasminogen activator by viable cells
including cancer cells and mesothelial cells may affect
urokinase-type plasminogen activator levels in pleural
effusions.
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