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Abstract— Plasminogen activating activity (PAA) has been determined in 105 human
breast cancer cytosols with a colorimetric assay. PAA has been related to steroid receptors
in the same cytosols. A strong positive correlation between PAA and progesterone
receptor levels was found (Spearmans coefficient of rank correlation, R=10.74, P <
0.001). PAA discriminates between progesirone receptor-positive and -negative
tumours, irrespective of oestradiol receptor content. It is suggested that PAA is a marker
of functional oestradiol receptor and that fibrinolytic activity may be a causative factor
in the low metastatic potential of progesterone receptor-positive tumours.

INTRODUCTION

Many transformed cells and cancers of animal
and human origin produce plasminogen
activators [1-3], a group of proteases which
convert plasminogen into the active fibrinolytic
enzyme plasmin. Plasminogen activator activity
(PAA) has been reported to be a marker of
neoplastic transformation [4-6]. PAA have
been demonstrated in both normal and
transformed rodent and human breast cells
[1,2,7]. The expression of PAA is hormonally
regulated in the Shionogi SC 115 murine
carcinoma (8] and in the human breast cancer
cell line MCF-7 [9].

The presence of PAA in solid human breast
tumours has been related to receptor cleavage
[10] and to hormone responsiveness [11]. PAA
is usually measured indirectly through the lysis
of radioiodinated fibrin. In the present paper,
the chromogenic substrate $-2251 (H-p-Val-Leu-
Lys-p-nitroanidide) has been used to assay PAA
in cytosols from human mammary cancers.
This method is reported to be more sensitive
and reproducible than the fibrinolysis assay
{12]. Results have been related to oestradiol
and progesterone receptors in the same
cytosols.

MATERIALS AND METHODS
Materials

Tumour tissue was obtained at mastectomy,
immediately placed in liquid nitrogen and
transported to the laboratory. Samples were
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stored at —70°C in a Revco Freezer (Revco Inc,
W. Columbia, SC) until analyzed. Maximal
storage time was 3 weeks.

DCC assay

DCC assay of oestradiol and progesterone
receptors was carried out with a single point
saturation assay [13]. Cytosol was prepared by
homogenization of tissue in 5 vol. of phosphate
buffer (5 mM sodium phosphate, pH 7.4, 1l mM
monothioglycerol, 10% glycerol) and centri-
fugation at 105,000 g for 60min. Cytosol
(200 1) was incubated in duplicate with a final
concentration of 5nM [*H]-steroid (oestradiol-
178 or promegestone) with and without a
hundred-fold excess of non-radioactive hor-
mone. After 16 hours at 4°C, 500 ul of dex-
tran-coated charcoal suspension was added
(0.25% activated charcoal Norit A and 0.0025%
dextran in 10 mM Tris/HCl, pH 8) and in-
cubated for 15 min with shaking at 4°C. After
centrifugation at 2000 g for 15 min 500 ul of the
supernatant was counted.

Assay of PAA

PAA was measured essentially according to
Overwien et al. [12]. Cytosol (50 wl) was diluted
with 750 ul of Tris/HCI buffer (50 mM, pH 7.4),
and 150 ul of freshly thawed human plas-
minogen solution (Kabi A/B, Stockholm,
Sweden), 0.04 CU/ml, and 50 ul of chromo-
genic substrate (2.1 mg/ml of S-2251, Kabi A/B,
Stockholm, Sweden) was added. The reaction
mixture was thoroughly mixed and incubated
for 120 min at 37°C. The reaction was stopped
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by addition of 100 ul of 50% acetic acid. Con-
trol incubations containing all ingredients
except plasminogen were used to determine
plasminogen-independent proteolytic activity.
A standard series of streptokinase solutions
(15-120 IU/ml) were carried through the same
procedure and used as a basis for calculation of
PAA in the unknown samples. Optical density
was read at 405nm and converted to strep-
tokinase units. PAA in the samples were taken
as the difference between total and plas-
minogen-independent proteolytic activity.

RESULTS

Optical density at 405 nm was found to be
linearly related to streptokinase activity in the
concentration range 15-120 IU/ml. From Fig. 1
it is seen that cytosols gave parallel dilution
curves in the same range of PAA values.

In most cytosols plasminogen-independent
proteolytic activity was present and showed a
negative correlation to progesterone receptor
concentrations which, however, was barely
significant (Spearmans coefficient of rank cor-
relation R = —0.18, 0.025 < P < 0.05).

Plasminogen-dependent proteolytic activity
(PAA) was significantly correlated to both oes-
tradiol and progesterone receptor concentra-
tions. The Spearman coefficient of rank cor-
relation was found to be 0.61 and 0.74 respec-
tively, which is highly significant (P < 0.001). In
Fig. 2 the relation between progesterone
receptor and PAA is presented. A significant
correlation between oestradiol and proges-
terone receptor levels was also demonstrated
(Spearmans coeflicient of rank correlation R =
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Fig. 1. Relation of optical density at 405 nm to streptokinase

activity (IU/ml). Fifty microliter samples of streptokinase solution

(15-200 IU/ml) were measured in duplicate (open circles). Solid

circles and crossed line: optical density readings of serial cytosol

dilutions. Solid bars: standard ervor of the mean (S.E.M.) of five
different standard assays.
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Fig. 2. Relation between plasminogen activator activity (PAA)

and progesterone receptor levels. Solid circles: progesterone

receptor-positive cytosols (> b fmol/mg protein). Open circles:

progesterone receptor-negative cytosols. The Spearman coefficient of
rank correlation: R = 0.74 (P < 0.001).
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Fig. 3. Plasminogen activator activity (PAA) in four subgroups of

tumours, classified according to their content of oestradiol and

progesterone receptors: ER-PR-, ER + PR-, ER-PR+ and

ER + PR +. PAA was significantly higher in progesterone recep-

tor-positive tumours compared to progesterone receplor-negative

tumours, irrespective of vestradiol receptor content (Willcoxon’s test
for two samples, P> 0.01).

0.53, P <0.01). When tumours were divided
into four subgroups according to receptor
content: ER+ PR+, ER+PR—, ER-—PR+and
ER —PR—, PAA concentrations discriminated
sharply between these guoups. Significantly
higher levels of PAA were found in proges-
terone receptor-positive tumours, irrespective
of oestradiol receptor content (Willcoxon’s test
for two samples, P <0.01) (Fig. 3).

DISCUSSION

Plasminogen-independent proteolytic activity
was present in a high percentage of cytosols.
This would indicate that plasmin-like
proteolytic enzymes are present in these
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tumours, or that the cytosols contain varying
amounts of endogeneous plasminogen which
can be activated by PAA. A weak negative
correlation between progesterone receptor
levels and plasminogen-independent pro-
teolytic activity was found. Cytosols with low
or non-significant progesterone receptor values
often had high concentrations of protease
activity. These results may support the sug-
gestion by Sherman et al. [10] that receptor
cleavage is associated with plasmin-like pro-
teases.

A highly significant positive correlation has
been demonstrated between PAA and receptor
content in breast tumour cytosols. Using a
different method, these results corroborate the
data presented by Sutherland [I1]. PAA
correlates better with progesterone than with
oestradiol binding and discriminates between
progesterone receptor-positive and negative
tumours, irrespective of oestradiol receptor
content. In the MCF-7 human breast cancer
cell line PAA is induced by oestradiol [9], and
the results presented would be compatible with
the possibility that PAA, like progesterone
receptor, is a marker of functional oestrogen
receptors 1n this tissue [13, 14].

A large volume of experimental work
emphasizes the importance of the coagulation

system for the host/tumour relationship,
tumour invasion and metastasis formation.
When circulating intravascular cancer cells are
prevented from forming a fibrinogen/fibrin
network they seem to lose their ability to form
metastases [15-19]. Fibrin depositions in
tumours have been reported, and it has been
suggested that such deposits form a necessary
scaffolding that attracts new blood vessels to the
area [20,21]. Agents promoting fibrinolysis or
blocking thrombus formation decrease the
tendency to form metastases in animals
injected with cancer cells, while antifibrinolytic
agents like epsilonaminocaproic acid or trasylol
enhance metastasis formation [18, 19, 22-24]. It
seems possible that cells that are able to secrete
plasminogen-activating substances might in-
fluence fibrin deposition in the vicinity of the
cell and thus modify tumour growth and
metastatic potential. Recently, Pichon et al. [25]
reported a very low frequency of remote
metastases in progesterone receptor-positive
tumours which was inversely related to
progesterone receptor concentration. The close
correlation between PAA and progesterone
receptor in human breast tumour cytosol
would seem to indicate a causal relationship
between fibrinolytic activity and metastatic
potential in these tumours.

10.

REFERENCES

OssowsKI L, VAssaLLI JP. Plasminogen activator in normal and malignant cells: A
comparison of enzyme levels and of hormone response. In: RUDDON RW, eds.
Biological Markers. Amsterdam, Elsevier, 1978, 473-479.

NAGY B, BAN J, NINDAR B. Fibrinolysis associated with human neoplasia: Production
of plasminogen activators by human tumors. Int | Cancer 1977, 19, 614-620.
HowerT MK, HIGH CS, RaPP F. Production of plasminogen activator by cells
transformed by herpesvirus. Cancer Res 1978, 38, 1075-1078.

Ossowskl L, QuiGLEY JP, ReicH E. Fibrinolysis associated with oncongenic
transformation, morphological correlates. | Biol Chem 1974, 249, 4312-4320.
OssowskKI J, UNKELESS JC, ToBIA A, QUIGLEY JP, RIFKIN DB, REICH E. An enzyme
function associated with transformation of fibroblasts by oncogenic virus. II
Mammalian fibroblast cultures transformed by DNA and RNA tumour viruses. |
Exp Med 1974, 137, 120-126.

UNKELESS JC, DANG K, KELLERMANN GM, REeicH E. Fibrinolysis associated with
oncogenic transformation: Partial purification and characterization of cell factor, a
plasminogen activator. J Biol Chem 1974 249, 4295-4305.

YANG N-S, KIRKLAND W, JORGENSEN T, FURMANSKI P. Absence of fibronectin and
plasminogen activator in both normal and malignant human mammary epithelial
cells in culture. J Cell Biol 1980, 84, 120-130.

MARK TW, RUTLEDGE G, SUTHERLAND DJ. Androgen-dependent fibrinolytic
activity in a murine mammary carcinoma (Shionogi SC 115 cells) in vitro. Cell 1976,

7, 223-226.

BuTLER WB, KIRKLAND WL, JORGENSEN TL. Induction of plasminogen activator
by estrogen in a human breast cancer cell line (MCF-7). Biochem Biophys Res
Commun 1979, 90, 1328-1334.

SHERMAN MS, TuazoNn FB, MILLER FK. Estrogen receptor cleavage and



132

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

T. Thorsen

plasminogen activation by enzymes in human breast tumour cytosol. Endocrinology
1980, 106, 1715-1727.

SUTHERLAND DJ. Plasminogen activating activity: Association with steroid binding
by cytosols of human breast cancer. J Natl Cancer Inst 1980, 64, 3-7.

OVERWIEN B, NEUMANN C, SORGE C. Detection of plasminogen activator in
macrophage culture supernatants by a photometric assay. Hoppe-Seylers Z Physiol
Chem 1980, 361, 1251-1255.

McGUIRE WL, HorwiTZ KG, CHAMNESS GC, ZAvAa DT. A physiological role for
estrogen and progesterone receptors in breast cancer. J Steroid Biochem 1976, 17,
875-882.

THORSEN T, Occupied and unoccupied nuclear oestradiol receptor in human
breast tumours: Relation to oestradiol and progesterone cytosol receptors. J Steroid
Biochem 1979, 10, 661-668.

Woob S, HoLYOKE ED, YARDLEY JH,. Mechanisms of metastasis production by
blood borne cancer cells. 1969, Canadian Cancer Conference 1961, 4, 167.

GRrosS! CE, AGOSTINO D, CLIFTON EE. The effect of human fibrinolysin on
pulmonary metastases of Walker 256 carcinosarcoma Cancer Res 1960, 20, 605-608.
Woob S. Pathogenesis of metastasis formation observed in vivo in the rabbit ear
chamber. Arch Pathol 1958, 66, 550-557.

CLIFTON EE. Effect of fibrinolysin on spread of cancer. Fed Proc 1966, 25, 89-93.
CLIFTON EE, AGOSTINO D. Factors affecting the development of metastatic cancer:
Effect of altering the clotting mechanism. Cancer 1962, 15, 276-283.

O’MEARA RA, JacksoN RD. Cytological observations in carcinoma. Ir J Med Sci
1958, 391, 327-334.

HIRAMOTO R, BERNECKY J, JURANDOWSKI J, PRESSMAN D. Fibrin in human
tumours. Cancer Res 1959, 20, 592-593.

BorYD B, Action of heparin and plasminogen inhibitor (EACA) on metastatic
tumour spread in an isologous system. Acta Pathol Microbiol Scand 1965, 65,
359-398.

RUDENSTAM CM. Effect of fibrinolytic, antifibrinolytic and flow-promoting agents on
matastasis formation and tumour growth. In: WIsSLEy RW, Dao TL, Woob S,
Fds. Endogenous Factors Influencing Host~Tumour Balance. University of
Chicago Press, 1967, 277-298.

CLiFrToN EE, AcosTINO D. Effect of inhibitors of fibrinolytic enzymes on
development of pulmonary metastases. | Natl Cancer Inst 1964, 33, 753-763.
PicHON M-F, PALLUD C, BRUNET M, MILGRAM E. Relationship of presence of
progesterone receptors to prognosis in early breast cancer. Cancer Res 1980, 40,
3357-3360.



