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ABSTRACT

A thrombolytically active composition comprising in
combination a modified tissue-type plasminogen activator (t-PA)
a5 a major component and a normal human t-PA, streptokinase or
human urokinase as a minor component 1in a pharmaceutically accept-

able excipient;
a method of treating a thrombotic disorder; and

a medicinal kit or package for use in treating thrombotic

disorders.
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The present invention relates to thrombolytically active
compositions comprising useful combinations of thrombolytically
active ingredients. The invention also covers a method for the
preparation of such thrombolytically active compositions, a
method of treating thrombotic disorders and a medicinal kit or
package for use in such treatment.

BACKGROUND OF THE INVENTION

Vascular disorders, such as acute myocardial infarction,
stroke, deep vein thrombosis, pulmonary embolism, peripheral
arterial thrombosis or other thrombotic diseases are caused by
partial or total occlusion of the blood vessel by a blood clot. in
order to restore the blood flow the clot has to removed or
degraded. The degradation of blood clots can be achieved by the-
use of plasminogen activators. Such activators are able to convert
the plasma proenzyme plasminogen into its active form, plasmin.
Plasmin efficiently degrades fibrin which is the main component

of the clot.

The compounds which are presently available for
thrombolytic treatment may be classified into three groups.
Tissue-type plasminogen activators
(t-PA), urokinase-type plasminogen activators (u-PA) and
streptokinase. For the treatment of thrombosis they ail have
certain limitations. Streptokinase is a bacterial protein and
induces an immunologic response which can cause clinical
problems. Both u-PA and streptokinase lack fibrin selectivity and
fibrin affinity. Intravenous administration of these activators
generate plasmin systemically which may cause a haemorrhagic
potential .and bleeding complications. Tissue plasminogen
activator has a high affinity for fibrin and is only efficiently
activating plasminogen when it is bound to fibrin. Thus, t-PA can
efficiently degrade the fibrin clot without causing systemic
plasmin effects. ’

Recombinant DNA techniques as well as conventional

- biotechnical methods have been employed in order to produce t-PA

for thrombolytic therapy [European Patent application number

- 93619, European Patent application number 41766 and European

Patent Application number178105). Clinical studies with
recombinant {-PA have shown that efficient thrombolysis reguires

doses of 80-100mg. The high deses required may be related to the
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fact that t-PA is rapidly cleared from the circulation by the
liver and the half-life of native t£t-PA in man 1s only a few
minutes [Garabedian et al. 1986, Am. J. Cardiol. 58, pp 673-

£79] . The short half-1life also makes 1t necessary to

administer the activator as a continuous 1nfusion over several

hours instead as a more convenient and faster bolus injection.

Therefore, attempts have been made to generate

plasminogen activators with high fibrin affinity and fibrin
selectivity having also an extended half-life in the blood. It
is anticipated that such plasminogen activators will Dbe
effective at lower doses than what 1s presently used for t-PA

and that bolus injection could be used instead of infusion.

Genetically modified variants of t-PA having an

extended in vivo half-life have been produced by recombinant

DNA techniques [European Patent Applications 0297066, published
28 December, 1988, and 242836, published 28 October, 1987, and
International Patent Application PCT number WO 87/04722,
published 13 August, 1987]. Animal tests with such modified t-
PA molecules have shown that slower clearance 1s assoclated

with a more efficient thrombolysis [Collen et al. 1988, Blood
71, 216-219].

However, when the variants are tested in vitro for

their ability to lyse human blood clots the activity 1s
associated with a marked lag-phase [Kalyan et al. 1988, J.
Biol. Chem. 263, 3971-3978]. This lag-phase reduces the
activity of the variant and increases the lysis time, thus

counteracting the benefits of a longer half-life in vivo.
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Definitions

In this application the plasminogen activator
nomenclature proposed at the XXVIII Meeting of the
International Committee on Thrombosis and Haemostasis, Bergamo,
Italy, July 27 1982, is used. Tissue-type plasminogen
activator (t-PA) and urokinase-type plasminogen activator (u-
PA). The terms “‘normal t-PA” or “t-PA” is used 1in the present
application to describe the full sized human t-PA having the
amino acid sequence as deduced from the cDNA described by
Pennica et al. 1983, Nature, 301, 214-221. Preparations ot
naturally occurring t-PA have been found to display three
different N-terminal amino acid residues. The longest form (L-
form) has glycine (Gly) as the first residue, whereas short (S-
form) or uterine (U-form) forms have serine (Ser) and valine
(Val) as the N-terminal amino acid residue. All these

different forms of t-PA have the characteristics of normal t-

PA.
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The term "t-PA variants® denotes various forms of normal t-PA
which have been modified in order to reduce the fast clearance
rate which is characteristic for normal t-PA.
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It has now been found that the addition of small amounts of
normal (recombinant or non-recombinant) t-PA, u-PA or
streptokinase to modified t-PA preparations removes the lag-
phase in the thrombolytic activity of these compounds and the
resulting activity is increased to the level of normal t-PA. Taking
into consideration the significantly prolonged half-life of the
modified t-PA molecules jn_vivo the improved activity of the
mixture will cause a significant synergistic effect and thereby
create a faster and more efficient thrombolytic effect than any of

the compounds when taken alone.

The present invention is based on the observation that t-PA
variants which have been modified as to increase the in_vivo half-
life display a lag-phase with regard to the onset of thrombolytic
activity. In contrast, normal t-PA, streptokinase or urokinase does

- not show such lag-phase. This lag-phase is not observed if the

mutant material is mixed with a minor fraction of normal t-PA,
urokinase or streptokinase. When these agents are present in
amounts which does not cause significant thrombolysis alone
(sub-thrombolytic concentrations), the activity of the t-PA
variants is not associated with a significant lag-phase.
Furthermore, it has been found that clots which have been
incubated with low concentrations of normal t-PA, then washed
followed by a new incubation with the {-PA variant, are rapidly
lysed similarly as when the variant and normal t-PA were
incubated together.

This indicates that a thrombus may be "primed” with an
injection of normal t-PA and then sfficiently lysed by a second
injection of a t-PA variant with an extended plasma half-life.

‘With such combination treatment the thrombotic patient can be

"primed” with a safe, sub-thrombolytic, injection of t-PA, u-PA or

streptokinase already before entering into the hospital where

further infusions with an efficient -PA mutant may complete the
thrombolytic treatment. The advantages with the combination
therapy outlined above is that a shorter time is- required from
start of treatment to the the lysis of the thrombus. Especially in
the case of acute myocardial infarction, rapid thrombolysis is
important for myocardial saivage. Another advantage with the

-l rom e B . =y e . A gme -
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combination treatment, either if the two agents are used in a
mixture or if they are used separately, is that efficient
thrombolysis can be achieved at a total dose which is
significantly lower than the dose of t-PA used to day.

The invention is based on the findings described above. In one
aspect, it provides a thrombolytically active pharmacological
composition comprising a synergistic combination of t-PA, or u-
PA or streptokinase as the minor component and a fibrinolytically
active t-PA variant as the major component, preferably in
admixture with a pharmaceutically acceptable excipient.

In another aspect, the invention provides a method of
preparing a thrombolytically active pharmaceutical composition,
comprising a combination of t-PA or u-PA or streptokinase as the
minor component and a fibrinolytically active variant of t-PA as
the major component in a pharmaceutically acceptable excipient
or excipients. The resuiting pharmaceutical composition may have
any appropriate form but is preferably in the form of an

intravenous infusion or injection fluid.
The minor component, being t-PA, u-PA or streptokinase,

may be of any conventional kind obtained from any suitable source.
In the experiments described herein the t-PA is obtained from the
conditioned medium of a melanoma cell line and the streptokinase
is from a natural strain of streptococcus, but t-PA, u-PA or
streptokinase derived from natural sources or from genetically
engineered eukaryotic or prokaryotic cells will be equally

adequate.
The major component of the combination treatment is a

plasminogen activator, preferably a modified t-PA variant, which
is characterized by a longer jn_vivo half life and by a lag-phase in
the in vitro thrombolytic activity when compared with the normal
t-PA. The t-PA variants in the experiments to be described are
produced by recombinant techniques in mammalian cells, but any
plasminogen activator having the characteristics noted above
obtained from natural sources or from genetically ingineered
eukaryotic or prokaryotic cells will also be adequate. For details
concerning useful t-PA variants for use in the compositions of the
present invention reference is made to published European patent

application 0297066. In said European patent application there
are described fibrinolytically active plasminogen activators of

the tissue type which have longer biological half-life in vivo.

The main features of the variants described therein are

summarized below.
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The t-PA variants disclosed in European patent application
0297066 are characterized in that in addition to the growth-
factor domain (G-domain) also the first kringle domain (K1-
domain) has been deleted. Additionally the plasminogen activator
of the invention has been modified in one or more of the following
sites or region: the sites of amino acid residues 177, 184, 277 and
448, and the finger domain (F-domain), if modified, being deleted
in part or all of it.

It is preferred that the F-domain, optionally, has been
deleted and the glycosylation site at residuei84 has been
modified to prevent glycosylation thereat. It is particularly
preferred that both sites 184 and 448 have been modified to
prevent glycosylation at said sites.

In this disclosure, when referring to modification of
glycosylation sites 184 and 448, the modification s such that no
glycosylation occurs. Thus, the site in question is modified as to
prevent N-glycosylation by modifying the N-glycosylation
consensus sequence.

In a particularly preferred embodiment, the F-domain has
been deleted altogether and the amino acids at sites 184 and 448
have been modified to prevent glycosylation at said sites.

In such plasminogen activator it is preferred that the
additional modification has been made at the site of amino acid
residue 277. and such modification can be in the form of change to
an amino acid residue which in its side chain does not exhibit a
positive charge. An example of such modification is substituting a
valine residue for the lysine residue at the 277 site.

In another preferred embodiment the additional modification
has been made in the K1 domain, either as the only modification of
the molecule in addition to the modification of the growth-factor
domain or in combination with the modification of the site of
amino acid residue 277.

In yet another embodiment, the modification of the molecule
has been made at the site of amino acid residue 184, whereby N-
glycosylation at said site, which occurs in normal t-PA, is no
longer achievable. In such a modification at the 184 site the
asparagine residue thereof can be replaced by a glutamine residue.

In addition to the said modifications at amino acid sites 184
and 277 it is also preferred to modify the K1 domain, optionally in
combination with a modification of the F-domain. .

All such modifications of the different domains can be
constituted by deletion of part or all of the respective domains.
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Several methods for the purification of t-PA, u-PA,
streptokinase and t-PA mutants are available. Usually a number of
chromatographic steps are employed.

The weight ratio between the minor and the major
component of the combination treatment may vary, but the minor
component is always less than 50% by weight of the total dose
given. The preferred weight ratio for the minor component is about
5 to about 30% of the total dose and a particularly preferred range
is about 10 to about 20%.

Pharmaceutical compositions containing a mixture of the
components or containing the components separately may have any
form suitable for administration to man. The preferred form iIs an
intravenous injection or infusion fluid or a combination of such
fluids. Such fluids may contain the active substances at a
concentration of 0.1 to 10 mg/ml. '

The total doses for the combination treatment as described
in this invention for administration to a thrombotic patient may
be significantly lower than required for t-PA or u-PA alone. Due to
the reduced lag-phase in activity the combination will induce
faster and more efficient thrombolysas than if the t-PA variant
was used alone.

Thus, in summary, the invention relates to a
thrombolytically active composition comprising in combination a
modified tissue-type plasminogen activator (modified t-PA) as a
major component and a normal human t-PA, streptokinase or
human urokinase as a minor component in a pharmaceutically
acceptable excipient.

it is preferred that the minor component constitutes up to
about 30% of the combined weight of said two components. When
reference is made to "major component” and "minor component”
the meaning is that the major component constitutes more than
o0% by weight of the combined weight of said components,
whereas the minor component constututes less than 50% by weight
of said combined weight.

~In such thrombolytically active composition according to the
invention it is particuiarly preferred to use a combination of
modified t-PA and normal human t-PA.

The invention also covers a method for the preparation of a
thrombolytlcally active composition, and said method involves the
measure of combining a modified tissue-type plasminogen
activator {modified t-PA) as a major component and normai
human {-PA, streptokinase or human urokinase as a minor
component in a pharmaceutically acceptable excipient.
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Furthermore, the invention includes a method of treating
thrombotic disorder, said method comprising administering to a
patient suffering from such disorder a thrombolytically effective
amount of the composition as described above.

According to an alternative method for treating thrombotic
disorder the following steps are included:

a) administering to a patient suffering from such disorder by
an initial injection normal human t-PA, streptokinase of human
urokinase in an amount up to about 30 mg; and then

b) administering to the same patient by a second injection a
thrombolytically effective amount of a modified t-PA.

Finally, the invention relates to a medicinal kit or package
for use in treating thrombotic disorders, said kit or package
containing:

a) normal human t-PA, streptokinase or human urokinase in a
minor amount in a pharmaceutically acceptable excipient;

b) a modified t-PA in a thrombolytically effective amount in a
pharmaceutically acceptable excipient; and -
c) written instructions for simultaneous or consecutive
administration of the compositions under a) and b) in said order to
a patient suffering from such disorder.

In such medicinal kit or package it is preferred that
component a) contains up to about 10 mg, such as about 1 to about
10 mg, of active ingredient, and component b) contains up to about
50 mg, such as about 10 to about 50 mg, of active ingredient.

The invention will be illustrated further in the foilowing by
non-limiting specific examples which are purely exemplary and
should not be construed as limiting the scope of the present
invention as defined in the appended claims. This illustration will
be made with reference to the appended drawings, wherein:

Fig.1 shows the dissolution of a human plasma clot in_vitro
as a function of time. The reaction is started by the addition of
500 ng/ml of normal human (melanoma) {-PA (i-PA) or 500 ng/ml
of the t-PA variant K2(Gin)P.

Fig. 2 shows the jn_viiro thrombolytic effect of t-PA (50
ng/ml), the t-PA variant K2(GIn)P (450 ng/ml), the calculated sum
of the activity of the two compounds, and the experimentally
found activity of the two compounds when mixed.

Fig. 3 shows the jp_vitrgp thrombolytic activity of 500 ng/mi
of streptokinase (SK), 500 ng/ml| of the t-PA variant K2(Gin)P, and
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a mixture of the two containing 100 ng/ml of SK and 400 ng/mi of
K2(Gin)P. '

Fig. 4 shows the in_vitro thrombolytic activity of the t-PA
variant K2(Gin)P acting on a human blood clot which has first been

incubated with normal t-PA (50 ng/mi) for 30 minutes ("primed®),
then washed and transferred to a second solution containing 500
ng/ml of the t-PA variant. The thrombolytic activity was also
determined after the clot had been pre-incubated in the absence of

t-PA ("not primed-).

Fig. 5 shows the in_vivo thrombolytic activity in rabbits of 2
mg of t-PA, the t-PA variant, K2(GIn)P and a 1:4 mixture of t-PA
and K2(GIn)P. The experimental conditions are detailed in Example

4.

Exampile 1

This experiment demonstrates the effect of a low
concentration of t-PA on the in vitro thrombolytic activity of a t-

PA mutant. ,
The t-PA used is obtained from human melanoma cells. The

t-PA variant molecule, denoted "K2(GIn)P*®, is a deletion mutant
which differs from the normal human t-PA molecule as follows.
Residues no. 6-173 are deleted, and Asn177 and Asn184 are
changed to Ser and Gin respectively. This mutant displays an in
vivo plasma half-life of about 50 minutes when tested in rabbits.
The corresponding value for normal t-PA is about 3 minutes. The
construction of expression vectors and the expression of t-PA
mutants such as "K2(Gin)P" in mammalian cells have been
described in patent application EPO 029706¢6.

The Chandler’s loop circulation system was used to
determine the in vitro thrombolytic properties of t-PA, *"K2(Gin)P"
and the combination. For the details of the procedures we refer to
C. Mattsson et al., Thrombosis Research 21, (1981) 535-545.
Briefly, human blood was drawn in sodium citrate, centrifuged,

mixed with 125|-fibrinogen and filled into a Tygon* plastic tubing.
The plasma was recalcified with CaClo and the tubing ends were

connected to form a circle. The circular tube was rotated on a
tilted turntable for 24 hours to allow the clot to form before the
addition of the various plasminogen activators. Samples were
drawn from the tubing and assayed for radioactivity at regular

*Trade-Mark
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time intervals and the radioactivity released from the clot was
expressed as % clot lysis.

The results of such experiments performed with t-PA and
"K2(GIn)P" is shown in Fig.1 and 2 respectively. It can be seen that
t-PA induces thrombolysis immediately after injection whereas in
the case of "K2(GIn)P" the activity displays a marked lag-phase
and essentially no activity is seen before one hour. However, by
combining a low dose dose of t-PA
(50 ng/ml) with 450 ng/mi/mi of K2(GIn)P much of the lag-phase
of the t-PA variant is abolished (Fig.3). The activity obtained for
the mixture (expr. --PA + K2(GIn)P) is significantly higher than
can be calculated from the activity of the two compounds alone as
seen for the curve "calc. t-PA + K2(GIn)P".

This experiment demonstrates that the lag-phase of in vitro
thrombolytic activity seen for the t-PA variant can be abolished if
the blood clot first is subjected to low amounts of t-PA. Thus, the
thrombus may be “primed” by t-PA and subsequently efficiently
lysed by a t-PA variant which has an extended in_vivo haif-life.
The experiment was performed as in experiment 1 with the
following exception. The plasma clots were first incubated for 1
hour in a t-PA containing (50 ng/ml) solution before they were
washed and transferred into a loop containing K2(GIn)P at a
concentration of 500 ng/ml (Fig.3). No clot lysis occurred when
the "primed” and washed clot was incubated for 6 hours without
added t-PA variant.

This experiment demonstrates that a synergistic in_vitro
thrombolytic effect is obtained when streptokinase and the t-PA
variant K2(CIn)P is mixed at proper ratio and also that the lag-
phase in activity for K2(GIn)P is abolished when streptokinase is
included.

Mixtures of K2(Gin)P and streptokinase, 400+100 ng/ml are
compared with 500 ng/ml of the two compounds alone (Fig.4). A
marked synergistic effect is seen in this system since the
400+100 ng/m! mixture of K2(GIn)P and streptokinase .is 40 - 65%
more effective than any of the compounds alone.
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Example 4

This experiment demonstrates the synergistic thrombolytiC
effect of a mixiure of the t-PA variant K2(GIn)P and normal t-PA
in rabbits.

The thrombolytic effect in vivo was evaluated in a rabbit
jugular vein thrombosis model. The jugular vein of a
pentobarbitone anaesthetized rabbit was uncovered and all
tributaries were ligated. A 2 cm long segment of the jugular vein
was ligated and the enclosed blood was removed and exchanged
with the same volume of freshly collected human whole blood,

mixed with trace amounts of 1291-human fibrinogen and thrombin.
A cotton thread, around which the radiolabelled clot will be
formed, was then inserted through the vessel in order to avoid
embolization. After clot formation (about15 minutes) the surgical
clamps were removed and saline was flushed over the clot in order
to restore a certain degree of flow over the clot and to remove

non-clottable 125|-fibrinogen from the clot surroundings.

The rate of thrombolysis was continuously monitored with a
flat surface gamma detector probe, (Alnor Instruments, Studsvik,
Sweden) which was secured about 1 cm above the clot. The
plasminogen activaiors were injected as a bolus dose into the
contralateral marginal ear vein and gamma counts were measured
for 30 seconds every fifth minute during three hours.

The resuits of such an ip_vivo experiment is shown in Fig. 3
where a total amount of 2 mg plasminogen activator was injected
into rabbits weighing 3kg. The thrombolytic agents were: a)
normal t-PA, b) t-PA variant K2(Gin)P and c) a 1:4 mixture of t-PA
and the variant. A dramatic synergistic effect is obtained when
normal t-PA and the t-PA variant is injected as a mixture. The
mean percentage clot lysis after 3 hours is 12, 45 and 83 for
normal t-PA, K2(GIn)P and the mixture respectively.

From the experiments above we conclude that a combined
administration, either as a mixture or consecutively, of t-PA and
t-PA variants with a prolonged plasma half-life to human patients
will induce efficient thrombolysis at doses significantly lower
than normally used for each of the agents used alone.

2
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CLAIMS:
1. A thrombolytically active composition comprising in

combination a modified tissue-type plasminogen activator
(modified t-PA) as a major component and a normal human t-PA,
streptokinase or human urokinase as a minor component in
pharmaceutically acceptable excipient, wherein said major
component 1s t-PA that has been modified to show extended

—

biological half-1life.

2. A thrombolytically active composition according to
claim 1, wherein the minor component constitutes up to about

30% of the combined weight of said two components.

3. A thrombolytically active composition according to
claim 1 or 2, wherein the modified t-PA 18 used 1n compination

with normal human t-PA.

4 A thrombolytically active composition according to
claim 1, 2 or 3, which 1s 1n a fluid form suited for infusion

Oor 1njection.

5. A thrombolytically active composition according to
claim 4, wherein said components are present at a concentration

of about 0.1 to about 10 mg/ml.

6. A method for the preparation of a thrombolytically
active composition, comprising the measure of combining a
modified tissue-type plasminogen activator (modified t-PA) as a
major component and normal human t-PA, streptokilinase or human
urokinase as a minor component in a pharmaceutically acceptable
excipient, wherein said minor component 1s combined with t-PA

that has been modified so as to show extended biological half-

life.

7 . A method according to claim 6, wherein said modified

t-PA 18 combined with normal human t-PA.
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8. Use of a composition according to any one of claims 1

to 5 for the treatment of a thrombotic disorder.

9. Use of normal human t-PA, streptokinase or human
urokinase, followed by modified tissue-type plasminogen
activator that has been modified to show extended biological

half-life, for the treatment of a thrombotic disorder.

10. A medicinal kit or package for use in treating

thrombotic disorders, contalning:

(a) normal human t-PA, streptokinase or human

urokinase in a minor amount in a pharmaceutically acceptable

excipient; and

(b) a modified tissue-type plasminogen
activator (modified t-PA) that has been modified to show
extended biological half-life in a thrombolytically effective

amount in a pharmaceutically acceptable excipient; and

(c) written instructions for simultaneous Or
consecutive administration of the compositions under a) and b)

in said order to a patient suffering from such disorder.

11. A medicinal kit or package according to claim 10,
wherein component (a) contains up to about 10 mg of active

ingredient, and component (b) contains up to about 50 mg of

active ingredient.

12. A medicinal kit or package according to claim 11,
wherein component (a) contains about 1 to about 10 mg of active
ingredient and component (b) contains about 10 to about 50 mg

of active ingredient.



CLOT LYSIS (%)

K

-~

FIG 1. IN VITRO THRORMBOLYSIS

el K2{GIn)P
—gi— +PA

S  Pakent

‘ 'géf£er5fon£a

-

L

<00707

4

Yy e

& Q;ff?, fé

. Y7

] } _"
M. L7 5.0,

1




CLOT LYSIS (%)

i-PA; 30ng/mi

50 of === K2(Gin)P; 450ng/m!

éo =

10

]

. . ra

L Y

e~ CALC. 1-PA+K2{GIN}P

EXPR. t-PA+K2Gin)P

ié.’.,

- ‘ - - Ny v, - . - - v
-
-
’
F
7’
.“
i
v
o
i

.. "
Ry
A
.' -

w-‘e

e~ -

+
A
.
AR
'
.
3
L

.

/

alent .

. geﬂ;emfonéau

NN

y
i

007075

‘.



CLOT LYSIS (%)

FIG. 3 IN VITRO THROMBOLYSIS
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FIG. 4 IN VITRO THROMBOLYSIS
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FIG. 5 IN VIVO THROME
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