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ABSTRACT

Plasminogen activators (PAs), a family of proteases active in
blood coagulation, may play an important role in cancer. Indeed,
blood coagulation disorders, such as altered fibrinogen and fibrin
metabolism and increased incidence of vascular thrombosis, are
common in patients with advanced malignant disease. Different
types of human tumors are known to contain high levels of PA.

The isoelectric focusing patterns of the PAs present in tumors
and plasma from patients with breast cancer were compared
with those of purified human urokinase and melanoma tissue
PA.

The pattern of isoelectric molecular forms of PA active at pH
8 showed two groups of several bands: in plasma from tumor-

bearing patients and controls, these groups were in the pi ranges
of 6.6 to 6.8 and 8.0 to 8.5; in mammary adenocarcinoma tissue,
the ranges were 6.8 to 7.9 and 9.0 to 9.4. These patterns were
different from those obtained with purified markers; the latter
were 5.8 to 9.4 and 5.9 to 7.6 for purified human urokinase and
melanoma plasminogen tissue activator, respectively. PA activity
in tumor-bearing patients was very high in malignant tissue and,

on the contrary, very decreased in plasma; this latter decrease
was correlated with the presence of mÃ©tastasesin the axillary
lymph nodes.

These results suggest that the high PA activity in the tumor
tissue might participate in the destruction of the peritumoral
tissue, thus allowing its invasion by tumor cells, whereas the low
activity of PA in the plasma might increase plasma fibrin, reflect
ing thus an early disorder in blood coagulation which would
enhance the formation of mÃ©tastases.

INTRODUCTION

PAs4 constitute a family of proteases which are involved in not

only the fibrinolytic cascade but also cancer. Blood coagulation
disorders have been known for over 100 years (43) to be
common in patients with advanced malignant disease [mainly
altered fibrinogen and fibrin metabolism and increased incidence
of vascular thrombosis (20, 37)]. Tumor cells enhance platelet
aggregation in vitro (17,18, 22) and display procoagulant activity
correlating with their metastatic potential in vivo (19). In vitro
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transformed cells express higher PA levels than do the normal
homologous ones (33, 44); PA synthesis is enhanced by tumor
promoters (29, 35) and by conditioned media of transformed
cells (23). Different types of human produce high levels of PA (5,
7, 9,13, 21, 26, 30, 39), but the molecular mechanisms and the
role of PA activation in tumor cells are still under investigation
(12,34,35).

Plasma cryoproteins from cancer patients contain a fraction
which displays both PA and transformation-enhancing factor
activities (2, 3, 10, 11, 27, 28). The latter activity is probably
related to fibronectin degradation fragments produced by the
PAs (3, 4).

The metastatic process is a complex sequence of steps that
may involve the presence of fibrin and blood coagulation (19). It
was therefore of interest to study the types and levels of PAs
present in the plasma and in the tumors of patients with mam
mary adenocarcinomas.

An IEF-CAS technique was developed for the separation and

detection of PAs as a function of pi in whole plasma or tumor
extracts. Purified human u-PA (24, 40, 45) and t-PA from human

melanoma cells (38) were utilized as standards.
The isoelectric forms of PA active at pH 8 separated into 2

groups of several bands. In plasma, these groups were in the pi
ranges of 6.6 to 6.8 and 8.0 to 8.5; in tumor tissues, the pi
ranges were from 6.8 to 7.9 and 9.0 to 9.4. These patterns were
different from those obtained with purified markers; the latter
were 5.8 to 9.4 and 5.9 to 7.6 for u-PA and melanoma t-PA,

respectively.
PA activity was very high in the tumor tissue; on the contrary,

it was very decreased in the plasma. Moreover, a remarkable
correlation was found between the decrease of plasma PA
activity and the existence of mÃ©tastases in the axillary lymph
nodes.

We suggest that the high PA activity in the tumor tissue might
participate in the destruction of the peritumoral tissue, allowing
thus the invasion by the tumor, whereas its lack in the plasma
of cancer patients would increase plasma fibrin and fibrin depos
its, reflecting thus an early disorder in blood coagulation and
favoring the formation of mÃ©tastases.

Some of the preliminary results were presented in poster form
at the 13th International Cancer Congress (8).

MATERIALS AND METHODS

Chemicals. Acrylamide, A/,A/'-methylenebisacrylamide, Trizma base,

and human urokinase (EC 3.4.21.31 ) were purchased from Sigma Chem
ical Co. (St Louis, MO); agarose (Indubiose A 37) was from IBF (Ville-
neuve-la-Garenne, France); ampholines were from LKB (Stockholm,
Sweden); 3-dimethylaminopropionitrile was from Eastman Kodak (Roch-
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ester, NY); Triton X-100 and ammonium persulfate were from Merck

(Darmstadt, Germany); PG was from AB Kabi (Stockholm, Sweden); and
purified t-PA from human melanoma was kindly supplied by Professor

D. GÃ¶lten(Leuven, Belgium).
Plasmin (EC 3.4.21.7) was obtained by incubation at 37Â°for 15 min

of 800 M9 of PG/ml with 30 milliunits of urokinase.
Biological Materials. Blood samples from 58 randomly chosen breast

cancer patients without any prior medication were collected at the Curie
Hospital in Paris, whereas blood from 38 allegedly healthy controls came
from the Medical Control of the personnel of the Curie Institute. Blood
samples from 6 patients with benign tumors were also collected. Blood
was collected in the presence of disodium EDTA and centrifugea for 15
min at 4000 rpm. Small aliquots were kept at -20Â°.

Invasive adenocarcinoma samples from the same patients were ex
amined histologically and classified according to: (a) the WHO HistolÃ³g
ica! Typing of Breast Tumors (1) [ductal (8500/3), lobular (8520/3),
mucinous (8480/3), medullary (8510/3), and apocrine (8573/3)]; (b) the
Scarf-Bloom-Richardson system (6). For each tumor, the number of

invaded axillary lymph nodes and the occurrence of lymph node rupture
were determined.

Tumors (malignant adenocarcinomas and benign fibroadenomas) were
frozen at -80Â° immediately after surgery and kept at -20Â°. Specimens

were quickly thawed to room temperature and rinsed with 0.15 M NaCI.
All microscopically recognizable fat and connective tissue were removed,
and only portions free of visible necrosis were used. The samples were
then homogenized in 9 volumes of 0.2% (w/v) Triton X-100 with a
Polytron blender (type PTA10-35) for 10 sec (4 times). The homogenates
were centrifugea in a Beckman J-21B centrifuge with JA-20 rotor at
12,000 rpm for 20 min at 4Â°and distributed into small aliquots stored at
-20Â°.

Protein content of the supernatants was determined according to the
method of Lowry ef al. (25). DNA was determined in aliquots of the
homogenates according to the method of Fiszer-Szafarz ef a/. (16).

Analytic IEF on Thin-Layer Polyacrylamide Gel. This was performed
with an LKB 2117 Multiphor on horizontal slabs prepared by 2-hr

polymerization of a solution containing 5.3% acrylamide:bisacrylamide
(30:0.8) and 2% ampholine (pH 5 to 8, 0.72%; pH 3.5 to 10, 1.1%; pH 9
to 11, 0.18%), 0.22% (v/v) 3-dimethylaminopropionitrile, and 0.025% (w/

v) ammonium persulfate. The electrode solutions were 1 M phosphoric
acid (anode) and 1 M sodium hydroxide (cathode). Samples were loaded
in wells near the anode: 10 Â¿<lof plasma and 6 ><gor protein or an amount
corresponding to 1 /Â¿gof DNA for tissue extracts. Electrophoresis was
run for 3 hr at 3 watts. At the end, the pH gradient was determined with
pi markers supplied by Pharmacia (Stockholm, Sweden).

Detection of PA Activity. The run gels were equilibrated in 0.1 M Tris-
HCI buffer (pH 8) and covered with a 1-mm-thick layer made of 15%
lyophilized milk, 6 Mg of human PG/ml, and 1.7% agarose in 0.1 M Tris-
HCI buffer (pH 8) at 40Â°.After solidification, the double gel was incubated
at 37Â°for various times in a moist box. PA activity was detected as clear

caseinolysis areas in the cloudy background of unhydrolyzed casein and
photographed; it was semiquantitatively rated from 0 to +++ according
to the relative intensity of the dark background seen through the trans
parent spot on the photograph. Control agarose overlays without PG
were used to detect PG-independent protease activities or activities due

to the simultaneous presence of PG and PA at the same pi.
Statistical Analysis. This analysis of differences was performed with

the x2 test.

RESULTS

IEF-CAS Analysis of Purified u-PA and t-PA. Analysis of LI
PA shows (Fig. 1) 6 bands of enzymatic activity at pH 8 with pi
ranging between 7.2 and 9.4 and a diffuse activity in the pi range
of 6.2 to 7.1. IEF-CAS analysis of t-PA at pH 8 reveals 8 bands

with pi between 5.9 and 7.6.
The purified u-PA and t-PA tested did not contain any PG-

independent caseinolytic activity.
IEF-CAS Analysis of Human Plasma PA. Human plasma

from the controls analyzed by IEF-CAS showed various forms

of PA activity. Pictures taken after different times of hydrolysis
are reported in Fig. 2. At 12 hr, 2 bands with pi of 6.6 and 6.8
are visible, while after 28 hr, a band in the pi range of 8.0 to 8.5
appears. The PA forms with a pi in the range of 4.8 to 5.2 near
the site of sample application were not taken into account, since
they are probably due to technical artifacts (aggregated en
zymes?).

Fig. 3 shows the comparison between 2 normal plasmas and
4 plasmas from tumor-bearing patients (2 benign FA and 2

malignant ADC). Control plasma (Lanes 1 and 4) contains PA
activity with pi values of 6.6 to 6.8 and to a lesser extent with pi
between 8.0 and 8.5. Plasma from FA-bearing patients (lanes 2

and 5) contains only PA activities with pi values of 6.6 to 6.8. As
to plasma from ADC-bearing patients (Lanes 3 and 6), it contains

variable PA activity with pi between 6.6 and 6.8 and very weak
or no PA activity with pi values of 8.0 to 8.5. A slight caseinolytic
activity was observed in the absence of added PG; it was
probably due to the low level of PG normally present in human
plasma; these forms focused at the same pi range as did the
plasma PA forms (36).

Table 1 is a compilation of all cases studied: 38 plasmas from
allegedly healthy controls with 6 from FA- and 58 from ADC-

bearing patients. It shows that the control plasmas contain high
levels of PA activity, the majority being the 4+ and 5+ groups,
whereas the plasmas from ADC-bearing patients contain rather

lower levels of that activity, most of them being in the range 1+
to 3+. The low number of samples of FA plasmas seems to
indicate that they present intermediary levels of PA activity (3+
and 4+).

Table 2 gives evidence for the correlation between the level of
PA activity in the plasma of ADC patients and the existence of
invaded axillary lymph nodes. It appears quite clearly that the
lower the PA activity, the higher the probability of mÃ©tastasesin
the lymph nodes.

Tabtel
Percentage of distribution of patients according to PA activity in plasma

The activity rating was obtained by adding the ratings of the groups having a pi
of 6.6 to 6.8 and of 8.0 to 8.5. The differences of distribution in the ADC patients
and the other 2 classes are significant (p < 0.001 ). The difference between controls
and FA patients is significant (p < 0.01).

Activity rating (total no. of +)

Controls (n =38)FA

(n =6)ADC

(n = 58)03.5134.5216.734.535.333.325.9426.333.31.7568.416.7

Table 2

Correlation between plasma PA activity and existence of lymph node mÃ©tastases

The activity rating was obtained by adding the ratings of the groups having a pi
of 6.6 to 6.8 and of 8.0 to 8.5. The difference of distribution is significant (p <
0.05).

Plasma PA activity rating (total no. of +)

1

No. of patients

Patients with lymph node mÃ©tas
tases in each group (%)

2 20 20 15 10

100 70.0 45.0 26.7 0
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Table 3

Percentage of distribution of patients according to PA activity in tumor tissue

The activity rating was obtained by adding the ratings of the groups having a pi
of 6.8 to 7.9 and of 9.0 to 9.4. The difference of distribution of the ADC and FA
patients is significant (p < 0.001).

PA activity rating (total no. of +)
0ÃŽ23456~~

FA (n = 5)

ADC (n = 20)

80 20

25 25 30 20

IEF-CAS Analysis of Malignant and Benign Breast Tumor

Tissue PA. The same analysis of PA was performed on extracts
from breast tumors of different histological types. It revealed the
presence of 2 different types of PA with pi from 6.8 to 7.9 and
from 9.0 to 9.4 (Fig. 4). While the former PA forms were present
in malignant and benign tissues, the latter ones were found in
malignant tissues only. Table 3 gives a compilation of all the
results obtained. It seems that most benign tumors lack any PA
activity whatsoever, whereas, on the contrary, malignant tumors
are characterized by high levels of all forms of PA.

DISCUSSION

The role of hydrolytic enzymes and particularly proteases in
malignant tumor invasiveness and metastasis spreading could
be of fundamental importance. Among the many proteases
known, PA has been extensively studied in tumor tissue (5, 7,9,
12, 13, 21, 26, 30, 32-34, 38, 39, 44). We studied this activity
in human plasma and breast tumors by IEF-CAS. This technique
yields tissue-specific band patterns corresponding to the various

forms of PA; the activity is determined semiquantitatively; it
separates the enzyme activity from possible activators and/or
inhibitors. We studied the PA enzymatically active at pH 8.O. Our
observations thus do not exclude the possibility of some other
forms active at other pHs.

Our results essentially show (a) that the isoelectric patterns of
PA forms in human breast tumors (either malignant or benign)
are different from those present in the plasma. They also differ
from the u-PA and from the melanoma t-PA patterns. This would

suggest that the various PA groups observed might be tissue
specific, but nevertheless, this does not exclude the possibility
that some forms might exist in more than one tissue; however,
even if the protein moiety could be the same, it is still very
interesting that the presence of different sugar groups could
allow plasma PAs to differentiate from the tumor ones; (b) that
the malignant tumor tissue groups are very active, whereas the
plasma groups from tumor-bearing patients have a very low or

no activity at all. The high level of activity of malignant tumor
tissue PA is compatible with a role in the spreading of the tumor
(42), inasmuch as the benign noninvading tumors have vanishing
levels of PA activity. We found no correlation between the WHO
classification of mammary malignant tumors and their level of
extractable PA activity. The Scarf-Bloom-Richardson classifica

tion, too, gives no clear correlation with the PA activity levels of
the tumor (data not shown because of complexity). The difficulty
in finding any such correlation might Â¡nfact be due to the difficulty
in finding a classification of value for the prognosis of the individ
ual patient (41 ) and to the statistically very large number of cases
necessary in each class. Tarin ef al. (42) also observed no
significant difference in the amount of PA produced by tumors

with a high or low pulmonary colonization potential.
The decreased PA activity in cancer plasma might reflect a

diminished synthesis of the plasma-type enzyme(s) or the pres

ence of inhibitors) (31 ), which would have to be covalently linked
to the enzyme molecule as, in spite of the IEF electrical field, no
high activities could be detected. Similarly, hyaluronidase, an
other hydrolytic enzyme, displays the same pattern; it is very
active in the extracellular space of tumors (15), whereas a potent
inhibitor is present in the plasma of cancer patients (14).

This decreased PA activity would produce a perturbation in
the fibrin metabolism; indeed, a perturbed clotting activity has
been described in tumor-bearing patients (20). The thus in
creased fibrin in plasma could serve as an anchoring for meta-

static cells (19).
This loss of plasma PA activity seems to be related to the

existence of mÃ©tastases in axillary lymph nodes, as almost all
invaded lymph nodes occur in patients with very low levels of
plasma PA activities (Table 2).

Among the allegedly normal plasmas, we observed 2 of them
lacking PAs in the 8.0 to 8.5 pi range. We cannot decide whether
these plasmas are really normal or express some unknown
disease, as we have not studied any other pathology than breast
tumor.

We do not know the determinants of the decrease in PA
activity of the plasma of cancer patients. However, as this
enzyme takes part in the blood coagulation process, the disturb
ance produced by cancer results in perturbation of that process.
This perturbation, in turn, may favor conditions for production
and development of mÃ©tastases.

We have shown that the perturbations in blood coagulation
are readily detectable in patients whose tumor has just been
discovered.

We have also established a correlation between the decreased
PA activity in plasma and the presence of mÃ©tastasesin axillary
lymph nodes in mammary cancer patients. The low plasma PA
activity in patients with tumors in an early stage of cancer points
to the existence of a perturbation of the blood coagulation, which
will be greatly amplified in the later stages of the disease (20,
37). We believe that further investigation of this relationship Â¡n
other types of cancer may throw some light on the mechanism
of metastasis and its therapy.

In summary, we suggest that the malignant tumor tissue PA
might play a role in the invasion of the peritumoral space,
whereas the lack of plasma PA activity facilitates the formation
of mÃ©tastases.The high activity of ADC tissue PA is probably
related to the lack of plasma PA activity in the same host by a
complex sequence of steps, in which the host reaction is certainly
very important.
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Fig. 1. Isoelectric forms of t-PA and u-PA. IEF gels and casein overlays containing 6 ^g PG/ml were incubated at pH 8.0 and 37Â°for 10 hr. Lane 7,12 ng t-PA; Lane
2,100 Sigma milliunits u-PA.

Fig. 2. Effect of incubation time on casein degradation in IEF analysis of PA activity in human plasma. Gels with casein overlay containing 6 i<g PG/ml were incubated
at pH 8.0 and 37Â°for 12 hr (a), 20 hr (D), and 28 hr (c). Lane 7, 5 Sigma milliunits u-PA; Lane 2, 10 v\ plasma from a healthy donor.
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Fig. 3. PA activity in plasma from tumor-bearing patients. Gels with casein overlay containing 6 ^g PG/ml were incubated at pH 8.0 and 37Â°for 20 hr:

Activity level

Plasma origin pi 6.6-6.8 pi 8.0-8.5

Lane 1, control plasma
Lane 2, plasma from FA bearer (Case 32)
Lane 3, plasma from ADC bearer (Case 73)
Lane 4, control plasma
Lane 5, plasma from FA bearer (Case 33)
Lane 6, plasma from ADC bearer (Case 88)

Fig. 4. PA activity in extracts of mammary tumors as revealed by IEF. The gels with casein overlay containing 6 ng PG/ml were incubated at pH 8.0 and 37Â°for 14
hr (a) and 30 hr (b). Lane 7, 6 Sigma milliunits u-PA; Lane 2, extract from FA equivalent to 1 ng DMA or containing 6 jig protein; Lanes 3 and 4, extract from ADC
equivalent to 1 Â»igDMA or containing 6 ng protein.
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