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Immunological Analysis of Plasminogen Activators
from Cultured Human Cancer Cells
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Summary. Immunological similarities or differences between urokinase and
plasminogen activators from 9 lines of cultured human caner cells with
varying degrees of fibrinolytic activity were examined with antibodies against
human urokinase.

The antibodies completely inhibited the fibrinolytic activity of 4 lines
of gastric cancer, 2 lines of lung cancer, 1 line of urinary bladder cancer
and 1 line of renal cancer, indicating that the plasminogen activators from
these cell lines were immunologically identical to urokinase. In 5 out of
these cell lines, immunological identity was also confirmed by double diffu-
sion analysis.

The plasminogen activator from 1 line of lung cancer was found to
be immunologically dissimilar to urokinase by a neutralization experiment
and double diffusion analysis.

These findings indicate that there are at least two immunologically dis-
tinguishable forms of plasminogen activators from human cancer cells.

Key words: Plasminogen activator — Fibrinolysis — Cultured human cancer
cells.

Introduction

The relationship between increased plasminogen activator synthesis and malig-
nant transformation by chemical carcinogens or oncogenic viruses has been
demonstrated in mammalian and avian cells in culture (Unkeless et al., 1973;
Ossowski et al., 1973; Christman et al., 1975). Furthermore, plasminogen activa-
tor has been demonstrated to be present higher at levels in malignant tumors
than in corresponding normal tissues (Laug et al., 1975; Nagy et al., 1977).
Fibrinolytic activity of tumor cells is considered to be one of the important
factors for growth and spread of tumor (Peterson et al., 1973, 1975; Tanaka
et al., 1977).
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Recently, Astedt and Holmberg (1976) demonstrated that the plasminogen
activator from cultured ovarian cancer cells was immunologically identical to
urokinase (UK). Astedt (1979) also found no immunological crossreaction be-
tween circulating plasminogen activator and UK, and mentioned that this was
important for the development of immunological assay techniques for the detec-
tion of UK-like plasminogen activator released from tumors. However, in apply-
ing and evaluating such assays in vivo, one must know whether the plasminogen
activator of tumor cells originating from various tissues is always immunologi-
cally identical to UK or not.

In the present study, we examined the immunological similarity or dissimilar-
ity between plasminogen activators from 9 lines of cultured human cancer cells
and UK.

Materials and Methods

Cancer Cells. The cancer cell lines used in this study were composed of 4 lines of gastric cancer
(MKN 1, MKN 28, KATO III, OKAJIMA), 3 lines of lung cancer (QG 56, QG 90, PC 9),
1 line of urinary bladder cancer (KU 1) and 1 line of renal cancer (KPK 1). All the cell lines
except for OKAJIMA and KPK 1 are described as established cell lines in the literature (Yajima,
1970; Yasumoto et al., 1976; Hojo, 1977; Sekiguchi et al., 1978; Kinjo et al., 1979). OKAJIMA
and KPK 1 have demonstrated their tumorgenicity in nude mice, in the histological identity between
the original tumors and transplanted tumors in nude mice, and in progressive growth in in vitro
culture systems (unpublished data). Histological cell types of the original tumors at operation
and the passage number at the time of the neutralization experiment described below are shown
in Table 1. KPK 1 was grown in Eagle’s minimum essential medium (Nissui Pharmaceutical Co.,
Japan) supplemented by 10% fetal calf serum (GIBCO). The others were grown in RPMI 1640
(GIBCO) supplemented by 20% fetal calf serum (FCS).

Preparation of Anti-UK Immunoglobulin G. Antiserum against human UK was produced by injecting
goats with highly purified human UK (M.W. 51,000; Specific activity, 90, 100 IU/mg) which
was kindly granted from Mochida Pharmaceutical Co., Tokyo, Japan. Subcutaneous injection
of 1 mg of the UK preparation with complete Freund’s adjuvant was given every 2 weeks. Two
weeks after the 4th injection, the sera were collected. Serial dilution, up to 256 times, of the
antisera produced one precipitin line by double diffusion analysis against the original UK-antigen.

Table 1. Histological types of original cancers and in vitro passage number of cultured human
cancer cell lines

Cell line Passage Original organ Histological types

number
MKN 1 132 Stomach Adenosquamous carcinoma
MKN 28 73 Stomach Well differentiated adenocarcinoma
KATO III 286 Stomach Signet ring cell carcinoma
OKAJIMA 143 Stomach Poorly differentiated adenocarcinoma
QG 56 >100 Lung Squamous cell carcinoma
QG 90 74 Lung Small cell anaplastic carcinoma
PC9 198 Lung Squamous cell carcinoma
KU1 > 100 Urinary bladder Transitional cell carcinoma

KPK 1 68 Kidney Renal adenocarcinoma
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Immunoglobulin G (IgG) was isolated from the sera by gel filtration through a Sephacryl S-200
superfine column after preparation with saturated ammonium sulfate.
Normal goat 1gG was also prepared in the same manner.

Preparation of Fibrin Agar Plates. Plasminogen-rich fibrin agar plates were prepared by the method
of Nilsson et al. (1972). For the neutralization experiment described below, 0.2 mg of the anti-UK
IgG or normal IgG was incorporated in the fibrin agar plates at a final concentration of 1:50
to the fibrinogen.

Purified plasminogen-free fibrinogen was prepared from human plasma by the method of
Barnhart and Forman (1955} after chromatography on lysine-Sepharose by the method of Deutsch
and Mertz (1970). The purified plasminogen-free fibrinogen was 92% clottable by bovine thrombin.
Plasminogen-free fibrin agar plates were also prepared in the same manner.

Assay of Fibrinolytic Activity and Immunological Study. Two hundred thousand cells were plated
into 60 mm petri dish in 3 ml of complete growth medium and allowed to grow for 72 h. The
medium was then removed, the cells were washed three times with warm serum-free culture medium
and incubated at 37° C in 3 ml of serum-free culture medium for 72 h. The medium was then
collected and centrifuged at 200 x g for 10 min in order to remove the non-adherent cells, and
the aliquots of the supernates were used for the assay or neutralization experiment of fibrinolytic
activity. The remaining medium was concentrated and dialysed against phosphate buffered saline
at PH 7.4 and the protein concentration was determined by the method of Lowry etal (1951).
The adherent cells were dispersed by trypsinization, and cell number and cell viability including
non-adherent cells were examined.

Dilution series of the cell supernate (0.01 ml) were applied to the fibrin agar plates incorporating
the anti-UK IgG. They were also applied to the standard fibrin agar plates and fibrin agar plates
incorporating normal IgG as controls. In addition they were applied to the plasminogen-free fibrin
agar plates in order to differentiate plasminogen activator from non-specific proteases. After incuba-
tion at 37° C for 18 h, specific neutralization by the anti-UK IgG was estimated from a decrease
or absence of lysed area as compared to controls. The diameter of the lysed area examined on
standard fibrin agar plates was compared with that of standard UK (Mochida Pharmaceutical
Co., Japan) and the fibrinolytic activity was expressed in International units of UK per one milliliter.

For cell lines which showed high fibrinolytic activity (more than 1 JU/ml), the supernates
prepared as above were collected and concentrated by ultrafiltration up to the following activity:
MKN 1, 5,000 IU/ml; MKN 28, 5,000 1U/ml; QG 56, 11,000 1U/ml; QG 90, 8,000 IU/ml;
PC 9, 15,000 1U/ml; KPK 1, 26,000 TU/ml. The immunological identity between the plasminogen
activators of these supernates and UK was then examined by double diffusion analysis.

Results

Cell number, cell viability, and protein concentration and fibrinolytic activity
of the supernate of each cell line are shown in Table 2. The values are mean +
standard deviation of 5 samples taken from the different culture dishes. In
all cell lines, the majority of the cancer cells were viable and the cell number
increased 5 to 10 times when compared with the initially plated cell number.
Protein concentration in each supernate was considerably different from one
line to another. The fibrinolytic activity of each supernate was also different
from one line to another. Two lines of gastric cancer (MKN 1, MKN 28),
3 lines of lung cancer (QG 56, QG 90, PC 9) and 1 line of renal cancer
(KPK. 1) showed high fibrinolytic activity. KPK 1 showed extremely high fibrino-
lytic activity, although the protein concentration was low. However, 2 lines
of gastric cancer (KATO III, OKAJIMA) and 1 line of urinary bladder cancer
(KU 1) revealed low fibrinolytic activity. The lysed area examined on plasmino-
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Table 2. Cell number, cell viability, and protein concentration and fibrinolytic activity of the super-
nates of cultured human cancer cell lines

Cell Line Cell number Cell viability  Protein Fibrinolytic activity
(x10%) (%) concentration  (International unit/ml)
(ng/ml)
MKN 1 124.67+9.07 98.6+0.5 26.3+5.4 1.67+0.12
MKN 28 185.004+9.90 96.6+2.4 10.7+3.0 1.2540.13
KATO 1T 176.34+1.00 86.6+2.3 12.3+0.6 0.09+0.01
OKAJIMA 103.17+8.81 87.7+2.9 10.5+0.8 0.17+0.03
QG 56 126.334+2.57 92.2+0.9 20.6+1.6 7.60+1.15
QG 90 196.334+8.08 99.0+0.5 35.7+0.5 4.43+40.25
PC9 192.08+7.07 88.8+2.3 47.7+4.5 4.55+0.21
KU 1 178.84+5.74 97.7+0.5 10.0+1.1 0.26 +0.09
KPK 1 153.25+1.56 100 5.7+0.1 48.67+5.03

Table 3. Neutralization assays of fibrinolytic activity of cultured human cancer cells by anti-UK
IeG

Cell line Dilution of Diameter of lysed area (mm)
supernate
Standard Fibrin agar Fibrin agar
fibrin plate containing plate containing
agar plate normal IgG anti-UK IgG
QG 56 1 12.8 13.1 0
1/2 11.4 11.5 0
1/4 9.1 9.3 0
1/8 6.5 7.0 0
UK (10 IU/ml) 13.9 14.0 0
QG 90 1 10.6 11.1 11.1
1/2 9.6 9.9 9.9
1/4 8.2 8.1 7.8
1/8 6.9 7.1 6.8
UK (10 1U/ml) 13.6 13.5 0

gen-free fibrin agar plates was consistently absent in all cell lines, indicating
that the fibrinolytic activity was due to plasminogen activator.

The results of the fibrinolysis neutralization experiment using the supernates
of the representative 2 cell lines (QG 56, QG 90) are shown in Table 3. The
anti-UK IgG completely inhibited the fibrinolysis of QG 56 as well as UK.
The lysed diameter examined on the fibrin agar plates containing normal IgG
was almost the same as that examined on the standard fibrin agar plates at
various dilution series. This indicates that the IgG prepared as above is not
contaminated by various types of fibrinolysis inhibitors. Therefore, this complete
inhibition was considered to be due to the specific reaction between the plasmino-
gen activator from QG 56 and the anti-UK IgG. The fibrinolysis by the supernate
of QG 90 was not inhibited by the anti-UK IgG at all.
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Fig. 1. Double diffusion pattern of
plasminogen activators from
representative four lines of cultured
human cancer cells. The center well
contains 8 times diluted anti-UK
goat serum. The outer wells contain
UK (5.000 TU/ml) and the
concentrated supernates of each cell
line. Diffusion was performed in
1% Special Agar Noble (DIFCO)
buffered at PH 7.4 with phosphate
buffered saline. The well diameter is
3 mm and volume is 10 pl

Fibrinolysis by the supernates of the other 7 cell lines was also completely
inhibited by the anti-UK IgG.

In double diffusion tests with the anti-UK serum, concentrated supernates
of MKN 1, MKN 28, QG 56, PC 9 and KPK 1 gave a single immune precipitin
line. However, the supernate of QG 90 did not give a detectable precipitin
line (Fig. 1).

Discussion

Although, in this study, FCS was omitted in the culture media because of
its content of fibrinolysis inhibitors (Shulman, 1952; Mullertz, 1957), the cancer
cells survived and continued to divide and grow in the media.

Varied degrees of plasminogen dependent fibrinolytic activity was detected
in the supernatant fluid of cultures. Rifkin et al. (1974) found that cultures
of normal embryonic lung cells produced very high levels of plasminogen inde-
pendent fibrinolysis and mentioned that this phenomenon was due to the action
of other proteases. Nagy et al. (1977) also found a similar phenomenon in
the lysates of cervical cancers and thought that this could be attributed to
residual blood plasminogen contaminating tumor tissue. However, in both the
previous (Kinjo et al., 1979) and the present studies there were no cancer cell
lines producing plasminogen independent proteases.

Neutralization assays with anti-UK IgG revealed that the plasminogen acti-
vator in the supernates of the 8 cell lines was immunologically identical to
UK, as Astedt and Holmberg (1976) reported in 8 lines of cultured ovarian
cancer cells. As to the cell lines with high fibrinolytic activity, such identity
was also confirmed by double diffusion analysis. However, the neutralization
assay and double diffusion analysis demonstrated that the plasminogen activator
in the supernate of 1 line of lung cancer (QG 90) was immunologically different
from UK, suggesting that it also differs from the plasminogen activators from
the other cell lines examined here.

The present results indicate that there are at least two immunologically
distinguishable forms of plasminogen activators from human cancer cells, al-
though we do not yet know how many different forms of plasminogen activators
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are present in human cancer cells. Tucker et al. (1978) demonstrated the immuno-
logical difference between the plasminogen activator from 8 lines of cultured
human brain tumor cells and UK.

It is not yet known whether both types of plasminogen activators possess
a different biological significance in the growth and spread of tumors. However,
this must be taken into consideration in applying and evaluating the immunologi-
cal assay of plasminogen activators of cancer patients.

In this study, the plasminogen activator from 2 lines of lung cancer was
immunologically identical to UK, but that from 1 other line of lung cancer
was not. This may suggest that the types of plasminogen activator produced
are not necessarily characteristic to the tissue from which the cancer cell lines
were derived.

References

Astedt, B.: No crossreaction between circulating plasminogen activator and urokinase. Thromb.
Res. 14, 535-539 (1979)

Astedt, B., Holmberg, L.: Immunological identity of urokinase and ovarian carcinoma plasminogen
activator released in tissue culture. Nature 261, 595-597 (1976)

Barnhart, M.I., Forman, W.B.: Purification of fibrinogen. In: Blood coagulation, hemorrhage
and thrombosis (L.M. Tocantins, L.A. Kazal, eds.) pp. 230-231. New York London: Grune
& Stratton Inc. 1955

Christman, J.K., Silverstein, S.C., Acs., G.: Immunological analysis of plasminogen activators
from normal and transformed hamster cells. J. Exp. Med. 142, 419-434 (1975)

Deutsch, D.G., Mertz, E.T.: Plasminogen : Purification from human plasma by affinity chromatogra-
phy. Science 170, 1095-1096 (1970)

Hojo, H.: Establishment of cultured cell lines of human stomach cancer: Origin and their morpholog-
ical characteristics. Niigata Med. J. 91, 737-752 (1977)

Kinjo, M., Oka, K., Naito, S., Kohga, S., Tanaka, K., Ohboshi, S., Hayata, Y., Yasumoto,
K.: Thromboplastic and fibrinolytic activities of cultured human cancer cell lines. Br. J. Cancer
39, 15-23 (1979)

Laug, W.E., Jones, P.A., Benedict, W.F.: Relationship between fibrinolysis of cultured cells and
malignancy. J. Natl. Cancer Inst. 54, 173-178 (1975)

Lowry, O., Rosebrough, N., Farr, A., Randall, R.: Protein measurement with folin phenol reagent.
J. Biol. Chem. 193, 265-275 (1951)

Mullertz, S.: Activation of plasminogen. Ann. N. Y. Acad. Sci. 68, 38-51 (1957)

Nagy, B., Ban, J., Brdar, B.: Fibrinolysis associated with human neoplasia: Production of plasmino-
gen activator by human tumours. Int. J. Cancer 19, 614-620 (1977)

Nilsson, W.R., Tomar, R.H., Taylor, F.B.: Additional studies on human C5: development of
a modified purification method and characterization of the purified product by polyacrylamide
gel electrophoresis. Immunochemistry 9, 709-723 (1972)

Ossowski, L., Unkeless, J.C., Tobia, A., Quigley, J.P., Rifkin, D.B.. Reich, E.: An enzymatic
function associated with transformation of fibroblasts by oncogenic viruses. II. Mammalian
fibroblast cultures transformed by DNA and RNA tumor viruses. J. Exp. Med. 137, 112-126
(1973)

Peterson, H.I., Larsson, S., Zettergren, L.: Fibrinolysis in human bronchogenic carcinoma. Europ.
J. Cancer 11, 277-279 (1975)

Peterson, H.I., Kjartansson, I., Korsan-Bengsten, K., Rundenstam, C.M., Zettergren, L.: Fibrinoly-
sis in human malignant tumours. Acta Chir. Scand. 139, 219-223 (1973)

Rifkin, D.B., Loeb, I.N., Moore, G., Reich, E.: Properties of plasminogen activators formed
by neoplastic human cell cultures. J. Exp. Med. 139, 1317-1328 (1974)

Sekiguchi, M., Sakakibara, K., Fujii, G.: Establishment of cultured cell lines derived from a
human gastric carcinoma. Japan. J. Exp. Med. 48, 61-68 (1978)



Plasminogen Activator from Human Cancer Cells 257

Shulman, N.R.: Studies on the inhibition of proteolytic enzymes by serum. II. Demonstration
that separate proteolytic inhibitors exist in serum; their distinctive properties and the specificity
of their action. J. Exp. Med. 95, 593-603 (1952)

Tanaka, K., Kohga, S., Kinjo, M., Kodama, Y.: Tumor metastasis and thrombosis, with special
reference to thromboplastic and fibrinolytic activities of tumor cells. In: GANN Monograph
on cancer research, No.20 (P.G. Stansly, H. Sato, eds.) pp. 97-119. Tokyo: University of
Tokyo press 1977

Tucker, W.S., Kirsch, W.M., Martinez-Hernandez. A., Fink, L.M.: In vitro plasminogen activator
activity in human brain tumors. Cancer Res. 38, 297-302 (1978)

Unkeless, J.C., Tobia, A., Ossowski, L., Quigley, J.P., Rifkin, D.B., Reich, E.: An enzymatic
function associated with transformation of fibroblasts by oncogenic viruses. I. Chick embryo
fibroblast cultures transformed by avian RNA tumor viruses. J. Exp. Med. 137, 85-111 (1973)

Yajima, T.: Monolayer culture of human urinary bladder tumors. Part I. Japan. J. Urol. 61,
805-821 (1970)

Yasumoto, K., Ohta, M., Nomoto, K.: Cytotoxic activity of lymphocytes to bronchogenic carcinoma
cells in patients with lung cancer. Gann 67, 505-511 (1976)

Accepted March 28, 1980



