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[57] ABSTRACT

A new plasminogen activator which is very similar to
the plasminogen activator from blood can be isolated in
good amounts from the culture fluid of human mela-
noma cells.

This new plasminogen activator has a strong thrombo-
lytic effect and pharmaceutical compositions thereof
may be used in the therapeutic treatment of thrombosis
disorders.

3 Claims, No Drawings
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PLASMINOGEN ACTIVATOR AND
PHARMACEUTICAL COMPOSITION HAVING
THROMBOLYTIC ACTIVITY

This application is a continuation of application Ser.
No. 640,550, filed Aug. 15, 1984, now abandoned,
which in turn is a continuation of application Ser. No.
272,093, filed June 10, 1981, now abandoned, which in
turn is a continuation-in-part of application Ser. No.
183,638, filed Sept. 3, 1980, now abandoned.

This invention relates to a new plasminogen activator
isolated from cell cultures and capable of being pre-
pared at a relatively large scale. Moreover, it relates to
a method of purifying and isolating this activator, and
further to a thrombolytically active pharmaceutical
composition which contains such a plasminogen activa-
tor and which can be used in the therepeutic treatment
of coagulation disorders, in particular of thromboem-
bolic diseases.

It is well known that surgery, delivery, major trauma
and infectious diseases are associated with an increased
risk of thrombosis, i.e. formation of intravascular blood
clots. One may endeavor to prevent such clots by ad-
ministering anticoagulants, such as heparin, coumarin
derivatives, snake venom components or indanediol. In
the case where thrombosis has occurred, however, use
may be made of thrombolytic agents whose function is
to move the resulting blood clots from the blood vessels
by dissolution (lysis).

For a better understanding of the present invention it
is noted that blood clots are composed of fibrin which
has been formed from fibrinogen under action of the
enzyme thrombin. Normal blood contains plasminogen
which after activation to plasmin is capable of dis-
solving fibrin and splitting it enzymatically. A plasmin-
ogen activator is naturally present in normal blood or is
released into the blood so that the circulating blood
contains in principle all ingredients necessary to de-
grade and remove an intravascular blood clot once it
has been formed. In reality, however, it appears that the
thrombolytic potential of the body is frequently insuffi-
cient for this purpose which may be owing at least
partly to an insufficient concentration of plasminogen
activator in blood. This means that an adequate removal
of intravascular thrombi may require the use of exoge-
nously administered thrombolytic agents.

Until today, mainly urokinase, a plasminogen activa-
tor isolated from urine or from cultured kidney cells,
and streptokinase, a plasminogen activator from strep-
tococci have been used as thrombolytic agents. Both
agents may be prepared on a relatively large scale and
are frequently used presently. However, since urokinase
and streptokinase are different from the normal plasmin-
ogen activator from blood and since they have no spe-
cific affinity for fibrin, the results of urokinase and
streptokinase in the treatment of thrombosis are not
satisfactory in all respects. Relatively large doses of
these agents are needed to produce the desired effect
and this is associated with a high risk of side effects such
as fibrinogenolysis and internal bleedings. Thus, there is
a constant need for thrombolytically active agents and
substances which may be produced at a relatively large
scale as well and which are more effective in treating
thrombosis.

The invention has for its object to provide a plasmin-
ogen activator which has a strong relationship to the
normal plasminogen activator-from blood and which
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may be produced at a relatively large scale. An addi-
tional object is to provide purification methods for such
a plasminogen activator. Further, the invention has for
its purpose to prepare a thrombolytically active compo-
sition which is available at large scale and which is more
effective than former compositions in the treatment of
thrombosis.

During investigations which formed the basis of the
present invention, it has surprisingly been found that a
plasminogen activator which is very similar to the plas-
minogen activator from blood can be isolated in fairly
good amounts from the culture fluid of human mela-
noma cells. Melanoma cells are pigmented tumor cells
which may be cultivated continuously in the form of
cell cultures and thereby secrete a relatively large pro-
portion of plasminogen activator. This provides an op-
portunity for preparing the plasminogen activator se-
creted by the cells at a relatively large scale. The result-
ing activator appears to be strongly related to the blood
activator in several respects but is less strongly related
to the known substances like urokinase and streptokin-
ase. This offers good prospects for its utilization in phar-
maceutical compositions. A strong thrombolytic effect
has been found indeed during experiments with the new
activator and it has appeared that smaller doses than the
urokinase are sufficient and that side effects are substan-
tially absent. As a consequence thereof, compositions
containing the new activator may be utilized with good
results in the therapeutic treatment of thrombosis disor-
ders.

Therefore, the invention provides in the first place a
plasminogen activator from human melanoma cells.
Further, it provides a thrombolytically active pharma-
ceutical composition which contains an effective
amount of this plasminogen activator. Moreover, the
invention provides methods for the preparation and
purification of the activator, a method for preparing the
composition and a method for the therapeutic treatment
of thrombosis disorders with the aid of the new compo-
sition.

It is known that several types of tumor cells will
secrete a plasminogen activator during cultivation in
cell culture (Christman et al in: Proteinases in Mamma-
lian Cells and Tissues (ed. A. J. Barrett) pp 91-149,
Elsevier, Amsterdam) but most of these plasminogen
activators are related to urokinase (compare Vetterlein
et al, J. Biol. Chem. 254, 575-578 (1979)), and more-
over, none of them has ever been isolated in sufficient
amount. Therefore, it was surprising that human mela-
noma cells in cell culture secrete a plasminogen activa-
tor which is closely related to the activator circulating
in blood, and moreover in such amounts that the activa-
tor may be recovered and purified from them on a fair
scale.

The plasminogen activator according to the inven-
tion may be prepared by cultivating human melanoma
cells in a suitable growth medium, followed by recov-
ery of the culture fluid containing the activator, and
purification of the resulting fluid.

Purification of the resulting culture fluid may be
effected in principle in any suitable way and may in-
clude each separation method which is usual in protein
chemistry, such as fractionated precipitation with for
example salts, organic solvents or polyethylene glycols,
electrophoresis using different buffers and carriers, gel
filtration on for instance crosslinked dextrans, cross-
linked or noncrosslinked agarose. Crosslinked poly
acrylamide, or mixtures thereof, and other chromato-
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graphic operations based on partition or adsorption/-
desorption. The latter operations may be performed
batch-wise or in columns. Partition chromatography or
absorption/desorption chromatography may be ef-
fected for example by ion exchange, hydrophobic inter-
action, ligand exchange or biospecific affinity. In these
methods, the same media as for gel filtration may be
used as a stationary phase, but with suitable groups
attached to the inner or outer surface of the particles.
Aqueous buffers which may contain several additives
such as inorganic or organic salts, organic solvents,
surface active substances and/or substances which in-
terfere with one of more components of the separation
system, may be used as the mobile phase.

In a preferred embodiment, ligand exchange chroma-
tography is used preferably with a metal chelate agarose
as the stationary phase. For instance, the fluid to be
purified is passed over a column of zinc chelate agarose
at a pH of 7.5, whereupon the adsorbed plasminogen
activator may be eluted with an imidazole-containing
buffer solution. The zinc chelate agarose may be pre-
pared by coupling iminodiacetic acid to agarose and
saturating the product with zinc chloride utilization of a
column will give better results than a batch-wise
method.

In another preferred embodiment, in addition to or
instead of the foregoing embodiment, affinity chroma-
tography is used, preferably with the aid of lectin aga-
rose as a stationary phase. For instance, the fluid to be
purified is passed over a column of lectin agarose at a
pH of 7.5 whereupon the adsorbed plasminogen activa-
tor is eluted at the same pH with a buffer solution con-
taining a-D-methylmannoside and potassium thiocya-
nate.

A third preferred embodiment, mainly used us a last
stage, is formed by gel filtration, preferably on cross-
linked dextran particles.

In these purification methods, it is advisable to add a
surfactant or detergent to all buffer solutions as used in
order to prevent a strong tendency of the plasminogen
activator to adsorb to glass ware surfaces, and to im-
prove stability of the product. Good results have been
obtained with non-ionic detergents in final concentra-
tions of 0.01% (vol/vol) or even 0.001% (vol/vol).
These non-ionic detergents will mainly comprise poly-
glycolethers of fatty alcohols, polyglycolethers of al-
kylphenols or polyglycolesters of fatty acids.

Further, it may be advisable to perform these purifi-
cation methods, as well as the initial cultivation of the
melanoma cells, in the presence of aprotinin in order to
prevent degradation of the plasminogen activator mole-
cule during such procedures. Aprotinin is a high-
molecular weight trypsin inhibitor isolated from bovine
pancreas tissue. It appears to have influence on the
molecular weight of the plasminogen activator, as
shown below.

A good purification and a clear increase of specific
activity may be achieved by utilization of the purifica-
tion methods as described, and the purified product will
be suitable for identification tests and for conversion to
a pharmaceutical composition.

The resulting plasminogen activator from melanoma
cells appears to have a molecular weight of about
72,000 in unreduced form, when determined with SDS-
polyacrylamide gel electrophoresis. In reduced form, it
may show two bands having molecular weights of
about 33,000 and about 39,000 respectively if cultivation
and purification were performed in the absence of
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aprotinin, or else one band having a molecular weight
of about 72,000 if cultivation and purification were
performed in the presence of aprotinin. The first prod-
uct seems to be a proteolytic degradation product,
while the latter is a natural product. Thus, it seems that
aprotinin prevents degradation of the activator mole-
cule.

The aminoacid compositions of activators produced
in the absence and presence of aprotinin are given in
tables 1 and 3 respectively and show a great similarity.
Further, the resulting plasminogen activator appears to
bind strongly to fibrin.

As aresult of all these properties, it may be stated that
the new plasminogen activator is very similar to the
normal plasminogen activator from human blood.

In immunological respect, the new activator shows
differences with urokinase.

During experiments with blood clots generated in
vitro, the plasminogen activator from melanoma cells
appears to have a higher fibrinolytic and thrombolytic
effect than urokinase and moreover a lower fibrinogen-
olytic side effect. This indicates that the new plasmino-
gen activator is better suitable than urokinase for utiliza-
tion as a thrombolytic composition.

A galenic composition may be made from the purified
plasminogen activator in a conventional way, with or
without the use of additives such as sodium chloride,
glucose, mannitol, albumin, and the like. The composi-
tion will mostly be suitable for parenteral administra-
tion, including intravenous or intraarterial injection or
infusion.

The resulting composition may be administered to
patients in a suitable dose and will have a potent and
effective thrombolytic effect with little or no side ef-
fects. Therefore, the composition may be used for cur-
ing acute and chronic thromboembolic occlusions of
different vascular beds such as encountered in deep vein
thrombosis, pulmonary embolism, myocardial infarc-
tion, arterial occlusion, extracorporeal circulation and
arteriovenous shunts.

The invention is further illustrated by the following
examples which include tests for characterization of the
new activator.

EXAMPLE 1
Cultivation and recovery

A human melanoma cell line (patient Bo.) was ob-
tained from Dr. D. B. Rifkin, Rockefeller University,
New York, N.Y., USA. The growth medium used for
this cell line was modified Eagle’s essential medium
(Flow Laboratories, UK), supplemented with sodium
bicarbonate (16 ml 6.5% solution per liter of medium),
L-glutamine (10 ml 200 mN solution per liter of me-
dium) and heat-inactivated newborn calf serum (Gibco,
Paisley, U.K.) (final concentration 10%).

The melanoma cells were grown to confluent mono-
layers in the above growth medium. Then they were
washed with growth medium without calf serum and
incubated for three days in the same serum-free growth
medium. After each day the culture fluid was collected
and replaced, centrifuged at 7000xg for 20 minutes and
stored at —20° C. until use. The combined culture fluids
had a protein content of about 180 pg/m! and a plasmin-
ogen activator activity of about 60 IU/ml (or about 330
IU/mg).

Protein content of the fluids in this and other exam-
ples was determined by light absorption at 280 nm.



4,752,603

S

Plasminogen activator activity was determined on plas-
minogen-containing bovine fibrin plates according to
Astrup et al, Arch. Biochem. Biophys. 40, 346-351
(1952) and expressed in international units (IU), thereby
using the WHO Ist international Reference Preparation
of Urokinase (66/46) as a standard. The same method of
assay was used in all other examples.

EXAMPLE 2
Purification

The combined culture fluids of example 1 were sub-
jected to a three-step purification procedure. All steps
thereof were performed at 4° C. To the buffer solution
used in these steps, a small amount of Tween 80, a non-
ionic detergent of J. T. Baker Chemicals, was added in
order to prevent adsorption of the plasminogen activa-
tor to glass-ware. .

(2) In a first step, the combined culture fluids were
subjected to chromatography on zinc chelate agarose.
This material was prepared by coupling iminodiacetic
acid to agarose particles (Sepharose 4B of Pharmacia
Fine Chemicals, Uppsala, Sweden) and by saturating
the product with zinc chloride. The coupling method
has been disclosed by Porath et al, Nature, 258, 598-599
(1975). After use, the zinc chelate agarose could be
regenerated by washing consecutively with 0.05M eth-
ylene diamine tetraacetic acid (EDTA) of pH=8.0,
0.05M NH4HCO; of pH=10.5, and water, and by
resaturating it with zinc chloride.

A column of zinc chelate agarose (5X 10 cm) was
equilibrated with 0.02M Tris HCI buffer solution of
pH=7.5, containing 1M NaCl and 0.01% (v/v) of
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Tween 80. In this buffer solution, Tris is trihydroxyme-

thylaminomethane. Ten liters of combined culture flu-
ids were applied to the equilibrated zinc chelate agarose
column. The flow rate was 200 mi/h. The column was
washed with equilibration buffer and then eluted with
the same buffer (total volume 1 liter) containing a linear
gradient (from 0 to 0.05M) of imidazole. Fractions of 10
ml were collected at a flow rate of 120 mi/h and all
fractions were assayed on plasminogen activator activ-
ity and protein concentration (see above). This showed
that plasminogen activator was desorbed as a single
peak in fractions 28-42, only partly separated from a big
protein peak. The activator-containing fractions were
pooled (151 ml). They had a protein content of 900
pg/ml and a specific activity of 1100 IU/ml or 3600
1U/mg. Thus, the total yield was 83% and the purifica-
tion factor was 11.

() In a second step, the plasminogen activator solu-
tion resulting from the first step was subjected to chro-
matography on lectin agarose (Concanavalin A Se-
pharose from Pharmacia Fine Chemicals, Uppala, Swe-
den).

A column of Concanavalin A agarose (0.9X25 cm)
was equilibrated with 0.01M phosphate buffer of
pH=7.5, containing IM NaCl and 0.01% w/v) of
Tween 80. The pooled activator-containing fractions of
step (a) were applied to this column. Fractions of 4 ml
were collected at a flow rate of 8 mi/h. The column was
washed with equilibration buffer and eluted with the
same buffer (total volume 200 ml) contaihing linear
gradients of a-D-methylmannoside (from O to 0.6M)
and potassium thiocyanate (from 0 to 2M). Fractions of
4 ml were again collected and assayed each on plasmin-
ogen activator activity and protein concentration. It
appeared that the plasminogen activator was desorbed
at about 0.3M a-D-methylmannoside and 1M potassium
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thiocyanate. The activator was recovered in a single
peak separated from a clear protein peak. The activator
peak containing fractions were pooled (84 ml). They
had a protein content of 159 ug/ml and specific activity
of 1300 IU/ml or about 25,000 IU/mg. Thus, the overall
yield was 56% and the overall purification factor was
77.

() In a third step, the plasminogen activator solution
resulting from the second step was subjected to gel
filtration on crosslinked dextran particles. The material
used was Sephadex G-150 (superfine) from Pharmacia
Fine Chemicals, Uppsala, Sweden. Prior to gel filtra-
tion, solid potassium thiocynate was added to the plas-
minogen activator solution to reach a final concentra-
tion of 1.6M and the solution was concentrated to about
10 ml by dialysis against solid polyethylene glycol
20,000. A small precipitate was removed by centrifuga-
tion at 10,000 xg for 15 minutes.

A Sephadex G-150 (superfine) column (2.5 90 cm)
was equilibrated with 0.01M phosphate buffer of
pH=17.5, containing 1.6M potassium thiocyanate and
0.01% (v/v) of Tween 80. Then, the concentrated acti-
vator solution was applied to the column and filtered
therethrough, followed by the equilibration buffer.
Fractions of 3.4 ml were collected at a flow rate of 6.8
ml/h and assayed for plasminogen activator activity
and protein concentration. It appeared that the plasmin-
ogen activator emerged from the column as a single
peak which coincided with a protein peak. The activa-
tor-containing fractions were pooled (37 mil). They had
a protein content of 81 pg/ml and a specific activity of
7200 IU/ml, or about 90,000 IU/mg using the WHO
First International Reference Preparation of urokinase
as standard, which corresponds, and is equivalent, to
about 500,000 IU/mg. when assayed using the WHO
First International Reference Preparation of t-PA [(tis-
sue) plasminogen activator] as standard. Gaffney and
Curtiss, “A Collaborative Study of a Proposed Interna-
tional Standard for Tissue Plasminogen Activator
(t-PA)," Thromb. Haemost. 53, 134 (1985). See also
Holovet, Boes and Collen, Blood 69, 284 (1987). Thus,
the total yield was 46% and the purification factor as
compared with the starting material was 263.

The resulting activator solution was stored at —20°
C. and used for characterization and utilization experi-
ments.

EXAMPLE 3
Characterization

The purified plasminogen activator solution resulting
from example 2 was subjected to several characteriza-
tion tests.

(a) When subjected to SDS-polyacrylamide gel elec-
trophoresis, the new activator showed one band with an
estimated molecular weight of 72,000. After reduction
with dithiothreitol, two bands were observed with mo-
lecular weights of about 33,000 and about 39,000, re-
spectively.

In this test, SDS-acrylamide gel electrophoresis was
performed according to Weber and Osborn, J. Biol.
Chem. 244, 4406-4412 (1969), using 7% gels. The mo-
lecular weight was estimated by means of a calibration
kit (Pharmacia Fine Chemicals, Uppsala, Sweden)
which contained phosphorylase b (94,000), serum albu-
min (67,000), ovalbumin (43,000), carbonic anhydrase
(30,000), trypsin inhibitor (20,000) and as-lactalbumin
(14,400).

k
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(b) When subjected to hydrolysis with 6M HCI in
vacuo at 110° C. for 20 hours, followed by amino acid
determination, the new activator showed the following
amino acid composition (in percent of total);

TABLE 1

Amino acid Content
Aspartic acid 10.1
Threonine 5.0
Serine 11.4
Glutamic acid 11.5
Proline 5.7
Glycine 11.2
Alanine 78
Cysteine N.D.
Valine 44
Methionine 1.5
Isoleucine 31
Leucine 7.6
Tyrosine 4.1
Phenylalanine 33
Lysine 4.6
Histidine 3.3
Arginine 5.6
Tryptophan N.D.

N.D. = Not Determined.

(c) When subjected to a fibrin binding test, it ap-
peared that the new activator was bound to fibrin, in
contrast to urokinase which dod not bind at all.

The test was effected by adding fibrinogen and
thrombin to the activator solution. After incubation at
37° C. for 30 min, fibrin was removed by centrifugation,
washed and extracted with potassium thiocyanate
(1.6M). The results are summarized in Table 2.

TABLE 2
New activator Urokinase
(%) (%)
Unbound 10+ 1 98 =1
KSCN extract 6l £3 §+2

(d) When subjected to immunodiffusion analysis, the
new activator appeared to be immunologically different
from human urokinase (Mr=>54,000) since precipitin
lines developed between the new activator and antibod-
ies against the activator, while such precipitin lines
were absent between urokinase and the same activator
antibodies. This immunodiffusion analysis was per-
formed by the method of Ouchterlony, Progress in
Allergy, Vol.V (Kallos, P.ed.) pages 1 et sed, Karger,
Basel/New York, 1958. Tween 80 was added to the
agarose to reach a final concentration of 0.1% (v/v).

(e) When subjected to quenching experiments on a
plasminogen-containing bovine fibrin plate, similar re-
sults were obtained. The fibrinolytic activities of the
new plasminogen activator were quenched completely
by antibodies (IgG fraction) against that activator but
the fibrinolytic activities of urokinase solution (having
the same activity) were not quenched thereby. Further,
the IgG fraction of a control antiserum did not quench
any fibrinolytic activity in the concentration range of
the experiments.

The quenching experiments were performed accord-
ing to Astrup et al, Arch. Biochem. Biophys., 40,
346-351 (1951). The plasminogen activator (140 IU/ml)
was dissolved in 0.02M Tris/CH! of pH 7.5, containing
0.15M NacCl and 0.01% of Tween 80.

The antibodies needed for tests (d) and (e) were pre-
pared as follows: an antiserum against the new plasmin-
ogen activator was raised in a rabbit by injecting 100 ug
of purified activator, dissolved in 0.5 ml of physiolog-

10

15

20

25

30

35

40

45

50

55

60

65

8

ical saline solution and emulsified with 0.5 ml of
Freund’s Complete Adjuvant. Booster injections of 50
g were given at two-week intervals. Serum was col-
lected one week after the second booster. The IgG
fraction of the antiserum was isolated by affinity chro-
matography on Protein A Sepharose and dialysed
against 0.15M NacCl solution.

EXAMPLE 4
Procedure in the presence of aprotinin

Melanoma cells were cultivated according to the
procedure of example 1, with the exception that aproti-
nin (Bayer, Leverkusen, FRG) was added both to the
serum-containing and serum-free growth medium (final
concentration 20 KIU/m], i.e. 20 Kallikrein Inhibitor
Units per ml).

After incubation for three consecutive days with
collection and replacement of culture fluid at the end of
each day, the combined culture fluids had a protein
content of about 180 ug/ml and a plasminogen activator
of about 60 IU/ml (or about 330 IU/mg).

Protein content of the fluids and plasminogen activa-
tor activity were determined in the same way as in the
preceding examples but an appropriate amount of
aprotinin (in this case until a final concentration of 20
KIU/ml) was added to the urokinase solution used as a
standard in the Astrup et al method since it appeared
that aprotinin as present in the plasminogen activator
solution reduced the response on the fibrin plates.

The combined culture fluids were subjected to a
three-step purification procedure in the same way as in
example 2, with the exception that aprotinin was added
to the buffers of the first and second purification step
(final concentration 10 ITUK/ml). This aprotnin was
omitted during the third step in order to obtain a final
product without aprotinin. The presence of aprotinin
did not influence the chromatographic behavior nor the
yield and specific activity of the plasminogen activator
and this meant that similar results as in example 2 were
obtained.

The purified plasminogen activator solution was sub-
jected to several characterization tests as in example 3.

When subjected to SDS-polyacrylamide gel electro-
phoresis, the activator showed one band with an esti-
mated molecular weight of 72,000. After reduction with
dithiothreitol, again one band having an estimated mo-
lecular weight of about 72,000 was observed. This is
indicative of a natural undegraded product whereas the
product tested in example 3 may be a proteolytic degra-
dation product.

When subjected to hydrolysis with 6M HCl in vacuo
at 110° C. for 20 hours, followed by amino acid determi-
nation, the activator of this example showed the follow-

ing amino composition (in percent of total):
TABLE 3
Amino acid Content
Aspartic acid 9.8
Threonine 5.4
Serine 9.2
Glutamic acid 13.1
Proline 7.1
Glycine 104
Alanine 6.6
Cysteine N.D.
Valine 4.1
Methionine 0.9
Isoleucine 3.0
Leucine 8.1



4,752,603

TABLE 3-continued
Amino acid Content
Tyrosine 4.0
Phenylalanine 3.7
Histidine 33
Lysine 5.5
Arginine 59
Tryptophan N.D.

N.D. = Not Determined.

Further, the activator of this example appeared to
have sufficient binding capacity to fibrin, and behaved
in the same way as the product of example 2 when
subjected to immunodiffusion analysis and quenching
experiments.

EXAMPLE 5
Fibrinolytic, fibrinogenolytic and thrombolytic effects.

The relative fibrinolytic effects of the new plasmino-
gen activator and urokinase were compared in a clot
lysis system composed of fresh frozen blood bank
plasma. In duplicate test tubes, 0.4 ml of plasma was
combined and mixed with 50 ul of activator solution
(final concentration ranging from 10 to 200 IU per ml)
and 50 ml of human thrombin (final concentration 1
NIH unit per ml) (NIH means National Institute of
Health, Bethesda, Md., USA). The activator was the
" new plasminogen activator in one series resulting from
example 2, and urokinase in another series of experi-
ments. After clot formation, the mixtures were incu-
bated at 37° C. and the time required for complete clot
lysis was recorded.

In this system, a clot of fibrin is formed by the action
of added thrombin on plasma fibrinogen, and lysis of the
clot may be effected by the added activator which
causes transformation of plasma plasminogen to plas-
min. This clot lysis may be antagonized by the presence
of antiplasmin in the blood plasma.

It appeared that both activators caused lysis of the
clot and thus had a fibrinolytic effect, but the nature of
these effects was different. At high activator concentra-
tions, the lysis times were comparable, but at low con-
centrations the new plasminogen activator was far more
effective than urokinase. At a urokinase concentration
of 80 units per ml, the plasma clot did not lyse in 24
hours whereas the lysis time induced with 20 units of
the new plasminogen activator was less than 2 hours.

(b) The fibrigenolytic effects of the new plasminogen
activator and urokinase were compared in plasma sys-
tems. To 1.8 ml of human plasma, 0.2 ml of activator
solution (final concentration ranging from 5 to 200
IU/ml) were added. At different time intervals, 0.2 ml
samples were taken for determination of their fibrino-
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gen level by the method of Vermylen et al, Clin. Chim.
Acta, 8, 418-424, (1963).

It appeared that there was a difference in behavior
between urokinase and the new activator. At 100 units
per ml, a mild degree of fibrinogen breakdown was
observed with urokinase but not with the new plasmino-
gen activator.

(c) The thrombolytic effects of the new plasminogen
activator and of urokinase were measured in an artificial
system comprising a radioactive human thrombus sus-
pended in an amount of circulating blood plasma in
which an activator solution was slowly infused. Plasma
samples were taken before the start of the activator
infusion and at hourly intervals for 8-12 hours. The
degree of thrombolysis was estimated from the released
radioactivity and expressed as percent.

It appeared that significant thrombolysis in 12 hours
could be obtained with 10 units or more of the new
plasminogen activator per ml of plasma, but not with 20
units of urokinase per ml. The specific thrombolytic
effect of the new activator in this system is about 10
times higher than that of urokinase. Furthermore, it
appears that after the end of the activator infusion the
rate of thrombolysis by urokinase tends to level off
whereas thrombolysis induced by the new plasminogen
activator is much more progressive.

EXAMPLE 6
Pharmaceutical composition

A solution of the new activator in a phosphate buff-
ered physiological saline solution which contains
0.001% of Tween 80 and 0.01-1% of albumin or manni-
tol, may be used as a composition for intravenous injec-
tion.

We claim:

1. Human plasminogen activator, having thrombo-
lytic properties, immunologically distinct from uroki-
nase and having a specific activity of about 500,000
IU/mg. using the WHO First International Reference
Preparation of t-PA (tissue plasminogen activator) as
assay standard or a specific activity of about 90,000
IU/mg. using the WHO First International Reference
Preparation of urokinase as assay standard.

2. A pharmaceutically acceptable composition hav-
ing thrombolytic activity comprising a thrombolyti-
cally effective amount of human plasminogen activator
according to claim 1 and a pharmaceutically acceptable
carrier or diluent.

3. A method for therapeutic treatment of thrombosis
disorders comprising administering to a patient a throm-
bolytically effective amount of human plasminogen
activator as defined in claim 1 or a composition as de-

fined in claim 2.
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