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57 ABSTRACT 
The existence of high fibrin-affinity urokinase is discov 
ered by an isolation procedure using fibrin precipitated 
on an adsorptive-solid matrix. By the method described, 
the high affinity form of plasminogen activator can be 
isolated directly from urine or from kidney tissue cul 
ture medium. The method is economical and provides a 
relatively high yield of the activator. The high affinity 
that this plasminogen activator has for fibrin is a prop 
erty that makes it an improved thrombolytic agent and 
when radiolabelled provides a new diagnostic agent for 
the specific detection of fibrin thrombi through nuclear 
Scanning. The newly-isolated plasminogen activator has 
the following characteristics: a molecular weight of 
about 56,000 Daltons, a specific activity of about 
40,000-50,000 CTA units/mg, the appearance of a sin 
gle chain structure and a high affinity for fibrin. 

11 Claims, No Drawings 
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SOLATION OF PLASMINOGEN ACTIVATORS 
USEFUL AS THERAPEUTIC AND DAGNOSTIC 

AGENTS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation-in-part of Ser. No. 
93,246, filed Nov. 13, 1979, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to the preparation of plasmino 
gen activators useful as therapeutic and diagnostic 
agents. 

It has been recognized that plasminogen activators 
are useful in the treatment of blood clots. By introduc 
tion of such an activator to a human blood stream in 
sufficient quantities and duration, a blood clot that has 
occurred can be dissolved. 
The procedures used in the past for isolating plasmin 

ogen activators have been characterized by their com 
plexity and costliness. In the case, for instance, of uroki 
nase, the plasminogen activator found in urine, the yield 
of the known commercial process is so low that a great 
quantity of urine must be collected and processed in 
order to treat a single patient. Isolation of urokinase 
from other sources, as from kidney tissue culture me 
dium, or isolation of other plasminogen activators, such 
as streptokinase, likewise involves many steps, which 
are either costly, or may be associated with adverse 
immunological reactions. Moreover, the commercially 
available activators for clinical use (Abbokinase and 
Streptokinase) are known to have a low affinity for 
fibrin clots and therefore may not be optimally effective 
or may be associated with adverse side effects due to 
generalized proteolysis. 

References regarding prior isolation of urokinase are 
the following: 

(a) White, W. F.; Barlow, G. H.; Mozen, M.M.; The 
Isolation and Characterization of Plasminogen Activa 
tors Urokinase from Human Urine. Biochemistry, 
Vol. 5, pp. 2,160-2,169, 1966; 

(b) Pye, E. K.; Maciag, T.; Kelly, P.; Iyznger, M. R.; 
Purification of Urokinase by Affinity Chromotography 
In: Thrombosis and Urokinase, Eds. R. Paoletti and S. 
Sherry. Academic Press, London, New York, San 
Francisco 1977. 

SUMMARY OF THE INVENTION 

The present invention overcomes the above problems 
and makes it possible to isolate relatively large quanti 
ties of plasminogen activator from comparatively small 
quantities of starting material. Also the invention pro 
vides a new class of therapeutic and diagnostic agents in 
the form of a plasminogen activator characterized by 
strong affinity for fibrin. 
According to the present invention plasminogen acti 

vator is isolated from urine or tissue culture medium by 
providing a solid, adsorptive matrix, (preferably diato 
maceous earth), having fibrin on its surface, exposing a 
mother liquid based on urine or culture to the fibrin 
containing matrix, whereby plasminogen activator mol 
ecules in the mother liquid which have affinity for fibrin 
are bound to molecules of fibrin, removing the remain 

O 

15 

25 

30 

35 

45 

50 

55 

65 

2 
ing nother liquid, and separating the plasminogen acti 
vator from the fibrin-containing matrix. 
The invention is based on the discovery that fibrin 

precipitated on a solid adsorptive matrix retains consid 
erable affinity for certain plasminogen activators espe 
cially for a species of urokinase here designated as, 
having "high affinity". In contrast, if fibrin is covalently 
attached to activated agarose (i.e. agarose activated by 
cyanogen bromide) such affinity for the plasminogen 
activator does not then occur. While the cause for this 
difference is not experimentally proven, we now believe 
that fibrin precipitated on an adsorptive matrix without 
covalent bonding leaves free certain e-amino groups of 
lysine residues of the fibrin. These e-amino groups of 
lysine residues are believed to contribute to the newly 
discovered affinity. In contrast, if the fibrin is cova 
lently attached to activated agarose, the e-amino groups 
of the lysine residues may be covalently linked to the 
agarose in such a manner as to substantially block the 
affinity. It is apparently for such reasons that the exis 
tence of a high affinity urokinase has been overlooked. 

In preferred embodiments of the method of isolation 
of the invention a number of further conditions are 
preferred. The plasminogen activator is exposed to the 
fibrin-containing matrix by stirring fibrin-solid particles 
into a batch of liquid in which the plasminogen activa 
tor is present. The activator bound to the fibrin that is 
precipitated on the solid matrix is eluted from the fibrin 
surface. The eluate containing plasminogen activator 
eluted from the fibrin surface is passed through a gel 
filtration column to separate the high affinity plasmino 
gen activator from the eluting agents and fibrin contam 
inants. 

Preferably, for providing the solid matrix with fibrin 
on its surface, fibrinogen is treated with thrombin in the 
presence of the matrix in a manner to precipitate fibrin 
upon the matrix. Preferably this is done by exposing the 
adsorptive matrix surface to excess fibrinogen in a 
buffer, in quantity sufficient to effectively cover all 
adsorptive surface, and thereafter introducing thrombin 
in a buffer to convert fibrinogen to fibrin, whereby the 
adsorptive surface can be effectively fully occupied by 
fibrin. 

Furthermore, according to a specific aspect of the 
invention, for isolating high affinity urokinase, the in 
vention comprises providing an adsorptive solid matrix, 
preferably diatomaceous earth particles, precipitating 
fibrin on its surface by treating fibrinogen with throm 
bin in the presence of the matrix, exposing urine or 
tissue culture medium to the fibrin-containing matrix 
whereby urokinase of the species which has the discov 
ered high affinity towards fibrin is bound to it, remov 
ing the unbound material with a buffer solution, separat 
ing the high affinity urokinase from the fibrin first by 
eluting the urokinase from the fibrin surface by an elu 
ant agent containing a member from the group consist 
ing of arginine, lysine and e-amino-caproic acid in an 
aqueous solution and thereafter separating the urokinase 
from the agent. 

In this method preferably the urine or tissue culture 
medium is exposed to the fibrin-carrying matrix by 
mixing particles with the urine or tissue culture medium 
and the liquid is removed by decantation and filtration 
followed by repeated washing of the fibrin matrix and 
bound activator with a buffer. 
A new product according to the invention is high 

affinity plasminogen activator from urine and culture 
produced by the above method. 
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TABLE-continued 
High Affinity 

Urokinase HAUK 
Urokinase (Present 
(Abbott) Invention) 

BNDING TOSEPHAROSE- <1% <1% 
FIBRN 

In addition, more effective lysis of fibrin under physi 
ological conditions was found for HAUK compared to 
the commercial urokinase, 
The commercial urokinase (Abbott) contains, pre 

dominantly of the low molecular weight form. The 
fraction of high molecular weight urokinase found in 
the commercial urokinase (Abbott) appears to be a two 
chain structure as evidenced by two protein bands after 
reduction and sodium dodecyl sulfate-gel electrophore 
sis For technique see K. Weber and M. Osborn, The 
Proteins, eds. Neurath, H. and Hill, L. L. (Academic 
Press, New York) Vol. 1. pp. 179-223 (1975)). This high 
molecular weight form of urokinase has low affinity for 
fibrin whereas the low molecular weight urokinase has 
none. Cumulatively, the commercial urokinase mixture 
of high and low molecular weight urokinases are known 
to have a very low affinity for fibrin, as noted above. 
HAUK has a molecular weight of about 56,000 

Daltons, as comparable to that of the high molecular 
weight form in commercial urokinase. However, 
HAUK appears as a one chain structure as evidenced by 
one protein band after reduction with 0.1M dithio 
threitol and sodium dodecyl sulfate-gel electrophoresis 
on 7.5 percent polyacrylamide gel. (Ibid., Weber et al.) 

Binding of HAUK, the high molecular weight single 
chain species of urokinase of the invention, to fibrin 
celite under conditions used for its adsorption indicates 
its high binding affinity for fibrin. 

It is believed that HAUK, which we for the first time 
have isolated, retains the native molecular form. The 
few step, fast method of isolation enables the single 
chain molecular structure to be retained. 
On the other hand, the relatively slow, many step 

procedures of the prior art, we believe, have resulted in 
degradation of the molecule, and have resulted in the 
two chain structure and low affinity for fibrin. 

FEATURES OF THE METHOD 

The present method has a number of advantages over 
existing procedures: 

1. It is a rapid, single-step, instead of a lengthy, multi 
step isolation procedure. The lengthy procedure cur 
rently in use allows undesirable denaturation, autodeg 
radation, or degradation of urokinase by other proteo 
lytic enzymes. 

2. The method separates the high affinity from low 
affinity plasminogen activator, and establishes for the 
first time that fresh urine contains a high affinity uroki 
nase (40 to 80 percent of the total urokinase, depending 
on the subject). 

3. The method provides a high yield (about 60 per 
cent) of the total HAUK in urine and with no low 
affinity urokinase present. In contrast urokinase that is 
presently commercially available for clinical use 
(Abokinase, Abbott) has essentially no HAUK and is a 
low-affinity plasminogen activator, 
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6 
APPLICATIONS 

I. General 

Because the described extraction method is economi 
cal and rapid, it should provide a relatively cheap and 
abundant supply of human plasminogen activator char 
acterized by a high affinity for fibrin for both scientific 
research and clinical purposes. 

II. Therapy 
The two commercially available plasminogen activa 

tors Streptokinase (Hoechst and Kabi) and Urokinase 
(Abbott) which have received FDA approval for the 
thrombolytic therapy of pulmonary embolism are low 
affinity activators. As a result, a large amount of activa 
tor (100,000-200,000 CTA u/hour) must be infused to 
achieve clot lysis. Since plasmin is an enzyme with 
broad specificity, the effect of infusing these activators 
is an undesired state of generalized proteolysis which 
degrades several plasma proteins (fibrinogen, factors V 
and VIII). 
By contrast, the HAUK discovered and efficiently 

isolated according to the present invention, because of 
its affinity for fibrin, will provide a much more specific 
fibrinolysis at lower concentrations of the activator. 

III. Diagnosis 
The fibrin binding properties of HAUK can also be 

utilized for the detection of intravascular clots or 
thrombi. By attaching an appropriate radioactive iso 
tope (e.g. 125Iodine or Technitium) to the molecule and 
then by intravenous injection of the labelled HAUK, it 
is possible to identify intravascular fibrin by radionu 
clear scanning. For example, the labelled HAUK can be 
used for the specific detection of pulmonary emboli 
(lung clots) by lung scanning. This diagnosis is notori 
ously difficult to make by current methods because they 
are too non-specific. 

Prior efforts to employ radioactively-labelled plas 
minogen activators for radionuclear scanning are be 
lieved to have been relatively unsuccessful because the 
plasminogen activators used lacked the essential prop 
erty of having high affinity for fibrin. References re 
garding such prior efforts are (a) Millar, W. T. and 
Smith, J. F. B., Localization of Deepvenous Thrombo 
sis Using Technitium 99 m-labelled Urokinase (prelim 
inary communication), Lancet Vol. 2, p. 695-696, 1974; 
(b) Kempi, V.; Van DerLinden, W.; and van Scheele, 
C.; Diagnosis of Deep Vein Thrombosis with 99 
mTc-streptokinase; A Clinical Comparison with Phle 
bography, British Medical Journal, Vol. 2, p. 748-749, 
1974. 
What is claimed is: 
1. The method of isolating a plasminogen activator 

from urine or culture medium, comprising 
providing an adsorptive matrix having fibrin precipi 

tated on its surface, 
exposing a mother liquid based upon urine or culture 
medium and containing high fibrin-affinity plas 
minogen activator to the fibrin-containing matrix, 
whereby those plasminogen activator molecules 
which have high affinity therefor are bound to 
molecules of fibrin, 

removing the remaining mother liquid, and 
separating the plasminogen activator from the fibrin. 
2. The method of claim 1 wherein the plasminogen 

activator is eluted from the fibrin surface by an eluant 
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agent solution containing a member of the group con 
sisting of arginine, lysine, and e-amino-caproic acid. 

3. The method of claim 1 wherein said matrix con 
prises diatomaceous earth. 

4. The method of claim 1 wherein, for providing said 
matrix with fibrin on its surface, fibrinogen is treated 
with thrombin in the presence of the said matrix in a 
manner to cause fibrin to be precipitated upon said 
matrix without gel formation. 

5. The method of claim 4 comprising exposing the 
adsorptive surface of said matrix to fibrinogen in quan 
tity sufficient of effectively cover said adsorptive sur 
face, thereafter introducing thrombin to convert said 
adsorbed fibrinogen to fibrin, whereby said adsorptive 
surface is effectively fully occupied by adsorbed fibrin. 

6. The method of isolating urokinase comprising 
providing a solid matrix with fibrin by treating fibrin 
ogen with thrombin in the presence of said matrix 
to cause fibrin to be in an absorbed state upon said 
substrate, 

exposing urine or culture medium to the substrate 
whereby a species of urokinase which has affinity 
towards fibrin is bound to the fibrin, 

removing the unbound material by washing with a 
buffer solution, 

separating the urokinase from the fibrin first by elut 
ing the urokinase from the fibrin surface by an 
eluant agent comprising a member of the group 
consisting of arginine, lysine, e-amino-caproic acid, 
and thereafter separating said urokinase from said 
agent. 

7. The method of claim or 6 wherein said matrix 
comprises particles wherein the liquid is exposed to said 
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8 
fibrin-carrying matrix by mixing said particles with said 
liquid. 

8. The method of claim 1 or 6 wherein said liquid is 
removed by decanting and filtering followed by re 
peated washing with a buffer. 

9. A plasminogen activator enzyme concentrate iso 
lated from a biological source by the methods of any of 
the claims 1-6 and comprising urokinase (human) of 
molecular weight of about 56,000 Daltons, having high 
affinity for binding to fibrin on an adsorptive matrix and 
having the appearance of a single chain molecular struc 
tre, 

10. A Urokinase plasminogen activator isolated 
from a biological source such as urine or culture 
consisting essentially of urokinase (human) character 
ized as (a) having a molecular weight of about 56,000 
Daltons as determined by gel-filtration, (b) having a 
specific activity of less than 50,000 CTA units/mg when 
assayed on a fibrin plate, (c) having the appearance of a 
single chain structure corresponding to a molecular 
weight of 56,000 Daltons as evidenced by appearing as 
a single protein band corresponding to a molecular weight 
of about 56,000 Daltons on 7.5 percent polyacrylamide 
gel when sodium dodecyl sulfate-gel electrophoresis is 
performed on unreduced urokinase, Id (c) retaining 
the said appearance of a single chain structure as 

evidenced by a single protein band on 7.5 percent poly 
acrylamide gel when sodium dodecyl sulfate-gel when 
said electrophoresis is performed on urokinase which 
has been reduced by 0.1M dithioth reitol thereby indicat 
ing its single chain structure and (e) (d) displaying a 
high binding affinity for fibrin precipitated on diatoma 
ceous earth. 

11. The urokinase of claim 10 in lyophilized form. 
as k 


