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(54) Title: USE OF MATRIX METALLOPROTEINASE-10 (MMP-10) FOR THROMBOLYTIC TREATMENTS

(54) Titulo: USO DE LA METALOPROTEINASA DE MATRIZ-10 (MMP-10) PARA TRATAMIENTOS TROMBOLITICOS

Figura 2
(57) Abstract: The invention relates to the use of matrix metalloproteinase-10 (MMP-10) in the preparation of a pharmaceutical 
composition intended for thrombolytic therapy, which composition can also contain a plasminogen activator. In addition, the inven
tion relates to the aforementioned pharmaceutical composition for the treatment of thrombotic disorders.
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(57) Resumen: La presente invencion se refiere al uso de la metaloproteinasa de matriz MMP-10 en la preparation de una compo
sition farmaceutica irtil para la terapia trombolitica, pudiendo ademas contener dicha composition un activador del plasminogeno. 
Adicionalmente, la presente invention se refiere a dicha composition farmaceutica para el tratamiento de afecciones tromboticas.
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FIELD OF THE INVENTION

This invention relates to pharmaceutical compositions which include 
matrix metalloproteinase-10 (MMP10) and, more specifically, a combination 
of MMP-10 and a plasminogen activator, and the use thereof for thrombolytic 
therapy and treatment.

STATE-OF-THE-ART PRIOR TO THE INVENTION

The haemostatic system is the system in charge of maintaining 
circulatory flow and preventing hemorrhage in response to vascular attack. 
Physiological hemostasis is controlled both by the mechanisms which 
promote coagulation and fibrin formation, as well as those which favor the 
degradation thereof or fibrinolysis. Excessive activation of coagulation or a 
defect in fibrinolysis gives rise to the formation of clots which block the blood 
vessels (intravascular thrombosis), causing ischemia and necrosis. However, 
an overall situation of hyperfibrinolysis will favor the onset of hemorrhages.

Cardiovascular diseases of an atherothrombotic nature are today the 
main cause of morbid-mortality. Within this group of diseases, thrombotic 
processes are the main mechanism giving rise to acute cardiovascular 
events of major clinical importance, such as acute myocardial infarction (Ml) 
or cerebrovascular accident (stroke).

Therefore, all of the strategies for treating cerebrovascular accidents 
and thrombotic events in general must necessarily promote the rapid 
rerouting of the arterial passage blocked by the clot in order to restore blood 
flow to the tissues and thus prevent any greater damage. This is what is 
commonly known as thrombolytic therapy.

Given that fibrinolysis is the underlying biochemical process of
thrombolysis, thrombolytic therapy seeks, first of all, to favor the degradation
of the fibrin network which is holding the clot together.

Given that plasmin is the enzyme which catalyzes the lysis and
degradation of fibrin, the first objective for achieving a rapid dissolving of the
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clot is to maximize the generation of plasmin.
For this purpose, the use of plasminogen activators, capable of

activating the conversion of the plasminogen (inactive proenzyme) into active 
plasmin: tissue plasminogen activator (tPA), urokinase plasminogen activator

5 (uPA) or other similar agents was introduced as of 1980.
Baker [Clin. Appl, Thrombosis/Hemostasls, 2002; 8:291-314] conducts

a review of the state-of-the-art in thrombolytic therapy and of the thrombolytic 
agents in use or in development, the clinical application thereof, as well as 
advantages and drawbacks. In this document, Baker also sets out the

10 characteristics which an ideal thrombolytic agent should have: 1) fast-acting 
thrombolysis, for the rapid restoring of arterial or venous flow; 2) fibrin 
specificity, so that the fibrinolysis will be confined to the areas of acute 
thrombosis with a reduced systemic fibrinolysis; 3) sustained action over 
time; 4) clot specificity so as to prevent effects on the fibrinogen, othfer

15 proteins involved in coagulation and not to alter primary hemostasis; 5) rio 
side-effects; and 6) low cost.

In the case of acute myocardial infarction and of acute 
cerebrovascular ischemia (stroke), the success of the thrombolytic treatment 
leads to an increase in the survival of the patients and a better recovery of

20 the function of the ischemic tissue [White HD et al.; N. Engl. J. Med., 1987; 
317:850-855]; [Suwanwela N and Koroshetz WJ; Annu. Rev. Med., 2007; 
58:89-106]. Unfortunately, fibrinolytic treatment has failures and side-effects·.

Almost 40% of the patients with acute myocardial infarction do not 
respond to fibrinolytic treatment and do not achieve an optimum rerouting of

25 the artery blocked by the thrombus [Armstrong PW and Collen D; Circulation, 
2001;103:2862-2866].

To solve this problem, instead of pharmacological thrombolysis, 
primary percutaneous angioplasty is currently being used as reperfusiqn 
treatment more effective than thrombolytic treatment in terms of reducing the

30 death rate, reinfarction and hemorrhage. It is not however possible to use 
angioplasty in many cases (no haemodynamics laboratory available or 
geographical distance can not be assumed) and it is then when thrombolytic 
treatment is performed. Therefore, it is desirable that new treatment 
strategies be developed which make it possible to improve the effectiveness

35 of the thrombolytic treatment, for example, prehospital fibrinolytic treatment, 
new thrombolytic agents (tenecteplase), or new pharmacological
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combinations (i.e., reduce the fibrinolytic agents to half the dose and add; a 
GP llb/llla platelet receptor blocker [Brouwer MA et al.. Heart, 2004; 90:581- 
588]. A considerable death rate also exists related to fibrinolytic treatment 
due to hemorrhagic complications; specially hemorrhage of the central

5 nervous system and major hemorrhages, with a 2%-14% incidence.
In the case of acute cerebrovascular ischemia, the thrombolytic

treatment with recombinant tPA within the first three hours following the onset 
of the symptoms is the only scheme which has shown itself to be somewhat 
effective. Unfortunately, in 25%-30% of the cases, the treatment fails, the clot

10 does not lyse, and the blocked artery does not become permeable. 
Additionally, the treatment with tPA has a high percentage of hemorrhagic 
complications (up to 5% entail symptomatic hemorrhage), and many 
physicians fear this complication. For that reason, a large majority of patients 
who could benefit from this treatment does not receive it. Another problem

15 related to administering tPA, potentially more serious than the risk of 
hemorrhaging, is the toxicity on the central nervous system which is many 
times responsible for the therapeutic failure [Cheng T. et al., Nat. Med., 2006; 
12:1278-1285]. Therefore, reducing the risk of hemorrhaging from 
administering tPA could change the perception of the safety of this drug and

20 increase its use. Therefore, it still continues to be necessary to select 
therapeutic agents and combinations which will make it possible to reduce 
the toxicity of the tPA either directly or indirectly, by lowering the dose 
necessary for treating stroke.

Given that there are enzymes different from plasmin which can directly
25 degrade fibrinogen and fibrin, research is also being done on their potential 

use for thrombolytic treatment. These enzymes include proteases 
endogenous of leukocytes (elastase and cathepsin G), snake venom or leech 
proteases or proteases from some bacteria.

In EP1060747, the use of fibrinolytic matrix metalloproteinases is
30 described which show a significant activity for proteolytically cleaving and 

degrading fibrin and fibrinogen. These fibrinolytic metalloproteinases include 
MMP-2 (gelatinase A), MMP-3 (stromelysin 1), MMP-7 (matrilysin), MMP-9 
and very particularly membrane-type matrix metalloproteinase MMP-MT1. 
Months later, Bini et al. compiled and expanded upon these same findings

35 [Biochemistry, 1999; 38: 13928-13936]. However, neither in these nor in 
other later works are data provided concerning the effectiveness of these

AMENDED SHEET
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fibrinolytic are matrix metalloproteinases in the lysis and degradation of the 
fibrin which forms thrombi, either for achieving a more rapid dissolving of the 
clot, or rather for providing a greater selectivity for the degradation of the 
fibrin in the clot respecting the systemic fibrinogen.

5 It would be advantageous to provide alternative therapeutic
compositions and combinations for thrombolytic treatment which will favor the 
lysis of the clots by means of a selective degradation of the fibrin and which 
will aid in minimizing the adverse effects related to other thrombolytic 
treatments (hemorrhage, toxicity, etc.).

10

SUMMARY OF THE INVENTION

The present invention provides the following items 1 to 22:
1. Use of matrix metalloproteinase-10 MMP-10 in the preparation of a

15 medicament for thrombolytic therapy.
2. Use according to item 1, characterized in that said medicament also 

comprises a plasminogen activator.
3. Use according to item 2, characterized in that the medicament is 

suitable for simultaneous, separate or sequential administration of said
20 component.

4. Use according to item 2, characterized in that the plasminogen 
activator is selected from among: the tPA tissue plasminogen activator, the 
uPA urokinase activator, streptokinase, staphylokinase and a derivative or 
fragment of said plasminogen activators which retains its ability to activate

25 the plasminogen.
5. Use according to item 4, characterized in that the plasminogen 

activator is selected from among: tPA and a derivative or fragment of tPA 
which retains its ability to activate the plasminogen.

6. Use according to item 5, characterized in that the plasminogen 
30 activator is tPA.

«313790.1 (GHMatters) P81828.AU
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7. Use according to item 4, characterized in that the plasminogen 
activator is selected from among: uPA and a derivative or fragment of uPA 
which retains its ability to activate the plasminogen.

8. Use according to item 7, characterized in that the plasminogen 
5 activator is uPA.

9. A pharmaceutical combination when used for thrombolytic therapy, 
characterized in that it comprises, separately or in the one same composition, 
a matrix metalloproteinase-10 MMP-10 and a plasminogen activator mixed 
with pharmaceutically-acceptable excipients or vehicles.

10 10. A pharmaceutical combination according to item 9, characterized
in that the plasminogen activator is selected from among: the tPA tissue 
plasminogen activator, uPA urokinase, streptokinase, staphylokinase and a 
derivative or fragment of said plasminogen activators which retain their ability 
to activate the plasminogen.

15 11. A pharmaceutical combination according to item 10, characterized
in that the plasminogen activator is selected from among: tPA and a 
derivative or fragment of tPA which retains its ability to activate the 
plasminogen.

12. A pharmaceutical combination according to item 10, characterized
20 in that the plasminogen activator is selected from among: uPA and a

derivative or fragment of uPA which retains its ability to activate the 
plasminogen.

13. A kit when used for thrombolytic therapy, comprising a matrix 
metalloproteinase-10 MMP-10 and a plasminogen activator as a

25 pharmaceutical combination for their simultaneous, separate or sequential 
administration for thrombolytic treatment.

14. A kit according to item 13, characterized in that the plasminogen 
activator is selected from among: the tPA tissue plasminogen activator, uPA 
urokinase activator, streptokinase, staphylokinase and a derivate or fragment

30 of said plasminogen activators which retains its ability to activate the 
plasminogen.

15. A kit according to item 14, characterized in that the plasminogen 
activator is selected from among: tPA and a derivative or fragment of tPA 
which retains its ability to activate the plasminogen.

4313790.1 (GHMatters) P81826. AU
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16. A kit according to item 14, characterized in that the plasminogen 
activator is selected from among: uPA and a derivative or fragment of uPA 
which retains its ability to activate the plasminogen.

17. Method for thrombolytic treatment and therapy comprising 
5 administering to the patient a therapeutically effective quantity of a matrix

metalloproteinase-10 MMP-10.
18. Method according to item 17, wherein said method also comprises 

administering to the patient a therapeutically effective quantity of 
plasminogen activator.

10 19. Method according to item 18, wherein the matrix
metalloproteinase-10 MMP-10 and the plasminogen activator are suitable for 
simultaneous, separate or sequential administration.

20. Method according to item 18, wherein the plasminogen activator is 
selected from among: the tPA tissue plasminogen activator, the uPA

15 urokinase activator, streptokinase, staphylokinase and a derivative or 
fragment of said plasminogen activators which retains its ability to activate 
the plasminogen.

21. Method according to item 20, wherein the plasminogen activator is 
selected from among: tPA and a derivative or fragment of tPA which retains

20 its ability to activate the plasminogen.
22. Method according to item 20, characterized in that the 

plasminogen activator is selected from among: uPA and a derivative or 
fragment of uPA which retains its ability to activate the plasminogen.

25 BRIEF DESCRIPTION OF THE FIGURES
Figure 1. Recalcified plasma turbidimetry test given as the 

absorbance values at 405 nm compared to the time the experiment lasts in 
minutes. A: the graph shows the differences in clot formation (maximum 
absorbance) of the plasma alone (control) or in the presence of MMP-10 (200

30 nM) or MMP-3 (200 nM). B: The graph depicts the formation and lysis of the 
fibrin clot of the recalcified plasma in the presence of tPA plasminogen 
activators (30 U /ml) and uPA (135 U/ml) alone or combined with MMP-10 
(200 nM) and also in the presence of an equivalent dose of MMP-3 (200 nM) 
combined with tPA (30 U/ml).

4313790.1 (GHMatters) Ρβ1β2β AU
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Figure 2. Polymerized fibrin plate showing the lysis areas caused by 
the tPA (1 U/ ml) and the MMP-10 (200 nM) individually, or added in 
combination with one another.

Figure 3. Turbidimetry test showing the difference in the lysis time of 
5 the fibrin clot at different doses of tPA (20, 25 and 30 U/ml). The combination 

of MMP-10 (200 nM) and tPA (20 U/ml) shortens the lysis time as compared
to the activator by itself.

Figure 4. Test of MMP-10 (100 nM) plasma activity with a fluorescent 
stromelysin substrate. The monoclonal antibody (MAb) concentration which

10 inhibits the MMP-10 plasma activity was determined by means of the 
reduction in the slope of the substrate formation. As a control, an IgG isotype 
control antibody was used.

Figure 5. Turbidimetry test of the plasma recalcified with MMP-10 
(200 nM) in the presence or absence of a monoclonal antibody (MAb) which

15 inhibits the activity of the MMP-10, and of an isotype (IgG) control antibody.
Figure 6. Fibrin plate illustrating the differences in the lysis area

4313790.1 (GHMatters) Ρ8182Θ AU
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caused by the tPA (1 U/ml) and the MMP-10 (200 nM) in the presence or 
absence of a monoclonal antibody which inhibits the activity of the MMP-10 
(MAb) and the isotype control antibody (IgG).

DETAILED DESCRIPTION OF THE INVENTION
This invention relates, firstly, to the use or utilization of matrix 

metalloproteinase-10 (MMP-10) in the preparation of a medicament for 
thrombolytic therapy and treatment.

MMP-10, or stromelysin-2, is located in chromosome 11 and is 
expressed by different cell types, such as the endothelial cells, monocytes 
and fibroblasts [Madlener M and Werner S; Gene, 1997; 202:75-81]. It is 
known that it can be activated by plasmin, kallikrein, tryptase, elastase and 
cathepsin G and can degrade a wide range of substrates of the extracellular 
matrix, such as aggrecan, elastin, fibronectin, gelatin, laminin, tenascin-C, 
vitronectin and collagens type II, III, IV, IX, X and XI. Additionally, MMP-10 
can activate other matrix metalloproteinases, such as proMMP-1, -3, -7, -8 
and -9 [Nakamura H etal., Eur. J. Biochem., 1998; 253: 67-75].

It is likewise known that MMP-10 is involved in different physiological 
processes, such as bone growth or wound healing. It is also found 
overexpressed in corneas of patients with diabetic retinopathy and has been 
related to some types of carcinoma, as well as lymphoid tumors. Different in 
vitro studies have shown that, in keratinocyte cultures, the expression of 
MMP-10 can be induced both by growth factors (epidermal growth factor of 
keratinocytes or TGF-beta), as well as by proinflammatory cytokines (TNF- 
alfa, IL-1beta) [Rechardt O et al., J. Invest. Dermatol., 2000; 115:778-787]; 
[Li de Q et al.; Invest. Ophthalmol. Vis. Sci. 2003; 44 :2928-2936].

Also in publications prior to this invention, it has been described that 
MMP-10:

- may be an inflammatory biomarker of vascular risk [Montero I et al.; 
J. Am. Coll. Cardiol., 2006; 47:1369-1378] [Orbe J et al.; J. Thromb. 
Haemost.; 2007; 5: 91-97];

- is induced in endothelial cells which are forming capillaries in 3D 
collagen matrixes and is involved in the regression of the formation of 
capillaries by means of the activation of MMP-1 [Saunders WB et al.; J. Cell. 
Sci., 2005; 118: 2325-2340]; and that

- it plays a fundamental role in maintaining the intracellular bonds
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which preserve vascular integrity in angiogenesis and remodeling processes 
[Chang S et al.; Cell, 2006; 126:321-334).

In the present invention, the effect of MMP-10 and of MMP-3 on the 
5 formation and lysis of clots in human plasma, as well as on other in vitro

models of polymerized fibrin degradation has been tested.
The inventors have been able to prove that MMP-10 does not have 

any direct thrombolytic activity and that it is not capable of degrading 
fibrinogen or fibrin by itself. Surprisingly, they have also proven that, in the

10 presence of thrombolysis-activating agents, particularly plasminogen 
activators, ΜΜΡΊ0 favors the dissolving of the fibrin clots and shortens lysis 
time. MMP-10 therefore acts as a facilitator or adjuvant of the thrombolytic 
action of other thrombolysis activators.

On the contrary, a fibrinolytic matrix metalloproteinase such as MMP-
15 3, which has a direct proteolytic activity on fibrin and fibrinogen, does riot

shorten the clot lysis times which is provided by the thrombolysis activators 
by themselves.

Within the context of this invention, "thrombolytic therapy” is 
understood as being that therapy which, in clinical situations of ischemia of

20 thrombotic origins, the reperfusion or restoring of blood flow by means of the 
lysis or rapid dissolving of the clots which are blocking the circulation and 
jeopardizing organ function, is being sought. These clinical situations include, 
in particular, thrombolytic therapy in acute myocardial infarction, in cerebral 
thrombosis (more particularly acute cerebral infarction or stroke), as well as

25 other venous thromboembolisms (i.e. pulmonary embolism or deep-vein 
thrombosis) and peripheral arterial thrombosis.

This invention relates, more particularly, to the use or utilization of 
MMP-10 and a plasminogen activator in the preparation of a medicament or 
pharmaceutical composition for thrombolytic therapy and treatment by means

30 of simultaneous, separate or sequential administration.
Within the context of this invention, a plasminogen activator is a 

compound which activates the conversion of inactive plasminogen into 
plasmin by means of the cleavage of the peptide bond between ArgS60 and 
Val1561 of the plasminogen, In particular, these plasminogen activators

35 include: urokinase (uPA), tissue plasminogen activator (tPA), streptokinase 
and staphylokinase.

AMENDED SHEET
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In one particular embodiment of this invention, the plasminogen 
activator is tPA.

In another particular embodiment, the plasminogen activator is uPA.
In yet another particular embodiment, a derivative or fragment of the

5 aforementioned plasminogen activators can be used as the plasminogen 
activator which retains its ability to cleave and activate the plasminogen for 
which the effect of facilitating the MMP-10 is effective. An expert in the field 
can readily see this effect by himself, for example by means of in vitro clot 
formation and lysis tests such as those described in examples 1 to 4 of this

10 invention. Longstaff and Thelwell [FEBS Letters, 2005; 579: 3303-3309] 
review some of the plasminogen activators currently in use or in 
development, from among which an expert can choose, for using them in 
combination with MMP-10 according to the present invention.

Advantageously, on not interacting with the circulating fibrinogen/fibrin
15 and being capable of facilitating the action of the plasminogen activators, 

MMP-10 would make it possible to reduce the dose of the thrombolytic by 
maintaining the effectiveness for lysing the clot, but without inducing systemic 
fibrinolysis, which would entail a great incidence of hemorrhaging-related 
complications. Similarly, it would make it possible to reduce the toxicity

20 resulting from the thrombolytic treatment with agents such as tPA.
According to another aspect, the present invention also relates to a

pharmaceutical combination which comprises, separately, or in one same 
composition, MMP-10 and a plasminogen activator, mixed with 
pharmaceutically-acceptable excipients or vehicles. The plasminogen

25 activator in the combination may be any of those mentioned hereinabove.
The aforesaid combination is useful for thrombolytic therapy and

treatment in mammals, particularly in humans, in any of the aforementioned 
clinical conditions stated hereinabove.

The origins of MMP-10 and of the plasminogen activator in the
30 pharmaceutical combination are not a critical aspect of this invention. The 

active ingredients may be obtained by extraction and purification from 
biological fluids or tissues by means of recombinant or genetic engineering 
procedures or any other conventional technique.

Depending on the circumstances, to be determined in each case by
35 means of the customary pharmacological and clinical tests, the active

ingredients of the pharmaceutical combination can be administered
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simultaneously, separately or sequentially.
According to one embodiment of the invention, the active ingredients 

(MMP-10 and plasminogen activator) can be contained in one some 
pharmaceutical composition. In other cases, the active ingredients can be 
contained in separate pharmaceutical compositions, each one thereof in its 
own container mixed with pharmaceutically-acceptable excipients or vehicles.

The pharmaceutical compositions with the active ingredients, whether 
one or more, can be formulated in both solid form (i.e. freeze-dried in vials to 
later be reconstituted in a suitable solution) or also in liquid form.

In one particular embodiment, these compositions with the active 
ingredients constitute a kit for thrombolytic therapy or treatment which may 
optionally include other components, such as; containers with solutions for 
reconstituting the active ingredients, cannulas, drip bags with physiological 
serum for intravenous application and instructions for use, etc.

The pharmaceutical compositions with the active ingredients may be 
administered by any suitable route, for example, orally, parenterally, rectally 
or topically, for which they will include the pharmaceutically-acceptable 
excipients and vehicles necessary for the formulation of the desired form of 
administration.

In one particular embodiment, administration is parenteral, for example 
by intravenous injection, or administered locally by catheterization for in situ 
administration in the near vicinity of the clot.

When the pharmaceutical combination is for administering separately, 
both active ingredients may also be contained in pharmaceutical 
compositions suitable for administering by different routes.

The quantities of MMP-10 and of plasminogen activator which may be 
present in the compositions of the pharmaceutical combination provided by 
this invention may vary within a broad range, but always in therapeutically 
effective quantities.

The dosage for each thrombolytic treatment protocol with the 
compositions of the pharmaceutical combination of this invention will depend 
on numerous factors, including the patient’s age, condition, the severity of the 
clinical condition to be treated, the route and frequency of administration and 
of the plasminogen activator which is going to be administered in each case.

In one typical embodiment, the quantities and doses of the 
plasminogen activator will be smaller than those which would be used for this



9

5

10

15

20

25

30

35

same plasminogen activator when MMP-10 is not included in the therapeutic 
combination. On the other hand, the quantities of MMP-10 will be adjusted in 
terms of the effect one wishes to achieve: greater thrombolytic effectiveness 
by maintaining the plasminogen activator dosage; or a reduction of the 

plasminogen activator dose maintaining the thrombolytic effectiveness.
In another aspect, this invention relates to a pharmaceutical 

combination or a kit of the invention, as have already been described, for 
thrombolytic therapy.

In another additional aspect, the invention also relates to a method for 
thrombolytic treatment and therapy comprising administering to the patient a 
therapeutically effective quantity of MMP-10. In one particular embodiment, 
said method also comprises administering of a plasminogen activator, by 
simultaneous, separate or sequential administration. Any of the 
aforementioned pharmaceutical compositions and combinations could be 
used for this method.

The following examples illustrate this invention and must not be 
considered limiting of the scope thereof.

EXAMPLES OF THE INVENTION
The examples illustrate the effects on the fibrinolytic and thrombolytic 

activity of the MMP-10 and MMP-3 matrix metalloproteinases, either directly 
or in combination with some plasminogen activators: urokinase (uPA) and 
tissue plasminogen activator (tPA).

The following has been employed for the examples:
- Recombinant MMP-10, obtained as 58 kDa enzyme with 20%-30% 

mature 48 kDa enzyme (R&D Systems, 910-MP, Abingdon, UK), 
which was reconstituted with TCNB buffer (50 mM Tris-HCl, pH 
7.5, 10 nM CaCI2, 150mM NaCl, 0.05 % Brij35).

- Recombinant MMP-3, obtained as 52 kDa enzyme (R&D Systems, 
513-MP, Abingdon, UK), supplied in a solution with 12.5 nM Tris, 5 
nM CaCb, 0.025% Brij35 and 50% glycerol.

- Urokinase (uPA) (Vedim Pharma SA; 628602, Barcelona, Spain).
- Recombinant plasminogen tissue activator (tPA) (Boerhinger 

Ingelheim: 985937 Actilyse®, Ingelheim, Germany).

For the evaluation of the thrombolytic activity, a turbidimetric method
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was used for monitoring the formation and lysis of the fibrin clot on plasma 
samples according to the protocol previously described by von dern Borneo et 
al., [Blood, 1995; 86:3035-3042].

On the other hand, for evaluating the activity on the fibrin lysis, tests 
5 were conducted on fibrin plates following the procedure described by Edward

[J. Clin. Path., 1972; 25: 335-337].

Example 1; Effect of MMP-10 and MMP-3 on clot formation and lysis j
As previously mentioned hereinabove, by means of the procedure 

10 described by von dam Borne et al., an evaluation was conducted of the effect 
of MMP-10 and MMP-3 on the haemostatic system. In this method, the 
changes in turbidity/absorbancy during the formation and lysis of clots are 
assessed as an indicator of the length of both of these processes. The 
turbidity is measured by reading the absorbance at 405 nm during the clot

15 formation and lysis phases using a photometric reader, which, in our case, 
was an ELISA reader (Fluostar Optima, BMG Labtech). The increase in 
turbidity/absorbancy indicates the formation of the fibrin clot, whilst the 
lessening of this parameter indicates the lysis of the clot.

For the formation of the clot, 75 pi citrated plasma, 75 μΙ HEPES buffer
20 (25 mM HEPES, 137 mM NaCl, 3.5 mM KCI, 6 mM CaCI2, 1.2 mM Mg Cl2,

and 0.1 % BSA, pH=7.5) and 10 μΙ CaCI2 150 mM were mixed in a micro- 
plate well. The plate was incubated to 37DC and the absorbance at 405 nM 
measured for 2 hours every 30 seconds.

To study the effect of the MMP-10 on clot formation, activated MMP-
25 10 (50, 100 and 200 nM) was added to the initial plasma and HEPES buffer

mixture. Prior to its use In the experiments, the MMP-10 was activated by 
means of heat treatment at 37°C for 1 hour.

In parallel tests, the effect on clot formation was also analyzed with the 
MMP-3 (200 nM). In this case, the MMP-3 was previously activated with 1

30 mM p-aminophenylmercury acetate (ΑΡΜΑ, 164610, EMO Biosciences, La 
Jolla, USA) at 37°C for 24 h.

As is shown in Fig. 1A, the MMP-10 did not induce any changes in 
either the speed of the clot formation or in the maximum degree of turbidity 
reached with any of the doses employed (Table 1). However, the MMP-3

35 induced a 50% drop in the maximum absorbancy/turbidity of the clot formed, 
probably due to it direct proteolytic action on the fibrinogen. ,

AMENDED SHEET
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These results show that the MMP-10, unlike what was described for 
the MM P-3, does not alter the clot-formation rate on not displaying any 
fibrinolytic activity regarding the fibrinogen.

Afterwards, a study was conducted of the fibrin clot lysis rate and, to 
5 this end, as in the immediately preceding section hereinabove, recalcified 

plasma in HEPES buffer was used, to which, simultaneously with the MMP- 
10 (or MMP-3, as the case may be), a plasminogen activator was added in 
order to select either 30 U/ml of tissue plasminogen activator (tPA) or 135
U/ml urokinase (uPA) at the beginning of the turbidimetry.

10 The concentrations of tPA and uPA to be used were determined in
prior dose-response studies, where the dose of choice was that which 
completely lyses the fibrin clot within a two-hour (2h) time period.

As is shown in Fig. 1B and Table 1, the MMP-10 in absence of tPA 
and uPA did not cause the lysis of the fibrin clot, whilst in the presence of the

15 tPA or uPA activators, it induced a significant increase in the fibrin clot lysis 
rate. With the maximum dose of MMP-10 tested (200 nM), the shortening of 
the lysis time (time at which half of the clot lyses) was 15 min (52.9 min vs.
68.3 min, p<0.01) in the presence of tPA and 5 min in the presence of uPA 
(42 min vs. 47.5 min, p<0.05). This reduction in the lysis time means a 20%

20 shortening in the presence of tPA and a 10% shortening with the uPA.
To the contrary, the MMP-3 did not change the clot lysis rate in the

presence of tPA.
These findings indicate that MMP-10, unlike MMP-3, is not capable of 

digesting the fibrin but does heighten the fibrinolytic effect of the plasminogen
25 activators and of the fibrinolysis (tPA or uPA). On not having the ability to act 

on the endogenous fibrinolysis, the MMP-10 would prevent or attenuate the 
onset of hemorrhages, which makes it a good candidate for being used as a 
coadjuvant of thrombolytic therapy.
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Table 1. Fibrin clot lysis time (given in minutes), in the presence of 
plasminogen activators (tPA or uPA).

TPA 30

U/ml

tPA 20

U/ml

tPA15

U/ml

UPA135

U/ml

Control 68.3 102.0 125.3 47.5

MMP-10 50 nM 65.5 - - -

MMP-10 100 nM 61.2 - - -

MMP-10 200 nM 52.9 84.7 108.7 42.0

MMP-3 200 nM 76.3 - - -

Anti-MMP-10

(MAb)

No lysis - - No lysis

(IgG) Isotype

control

74.3 - - 48.3

Example 2: Effect of MMP-10 on fibrin degradation
5 According to the aforementioned Edward procedures, a study was

made of the effect on fibrin lysis by measuring the halo or lysis area which is 
caused on a polymerized fibrin plate.

The fibrin plates are prepared from a 6 mg/ml human fibrinogen 
solution (Sigma, F3879, Saint Louis, MO, USA) in veronal buffer

10 (BioWhittaker, 12-624E, Cambrex, MD, USA) at 37°C, which is filtered and to 
which an equal volume of CaC^ (50 mM) is added. This solution (6 ml) is 
mixed with 1 international unit (NIH units) thrombin (Enzyme Research Lab; 
HT1200a, Swansea, UK) and is left to polymerize for 6 h.

To assess the fibrinolytic capacity, tPA (1 U/ml), MMP-10 (200 nM) or
15 a combination of the two were added to different fibrin plates.

As is shown in Fig. 2, the MMP-10 alone did not cause lysis on the
polymerized fibrin, whilst the tPA caused a marked halo. However, the 
combination of tPA and MMP-10 significantly increased the polymerized fibrin 
lysis area (188.6%), this being a fact which confirms the fibrinolysis-

20 facilitating effect that MMP-10 has in combination with plasminogen 
activators as fibrinolytic agents.
Example 3: Effect of coadministration of MMP-10 and a thrombolytic
agent (tPA or uPA) on clot lysis

Given the effect of the MMP-10 on the tPA-included lysis, the question
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was posed of ascertaining whether it is possible to reduce the dose of tPA 
(which entails hemorrhage and neurological toxicity-related problems) and 
use MMP-10 as a coadjuvant for achieving the same thrombolytic effect.

In the turbidimetry test conducted following the procedure described in 
Example 1 hereinabove, we found that the presence of MMP-10 (200 nM) in 
combination with the tPA makes it possible to reduce the dose of tPA by 33% 
(from 30 to 20 U/ml), achieving the same clot lysis time (Fig. 3, table 1).

This result indicates that in a subject who needs thrombolytic therapy, 
MMP-10 provides the way to increase the fibrinolysis and clot lysis by 
simultaneously lowering the dose of tPA and therefore, minimizing the 
hemorrhagic and toxicity-related problems caused by this drug.
Example 4: Inhibition of clot fibrinolysis and lysis induced by tPA with
anti-MMP-10 antibodies

According to the results of Examples 1 and 2, an analysis was made 
of the specificity of the effect of the MMP-10 on fibrin lysis in the clot induced 
by tPA by simultaneously adding different doses of active MMP-10 in the 
presence (1:2 ratio) and absence of a monoclonal antibody which blocks its 
activity (R&D systems, MAB9101, Abingdon, UK), or of lgG2B murine isotype 
control antibody (eBioscience, 16-4732, San Diego, CA, USA) at the same 
concentration as the antibody.

The enzyme:antibody ratio which blocks the activity of the enzyme 
was previously analyzed in an activity test for the MMP-10 on a microdish 
covered with an anti-MMP-10 antibody (R&D Systems, Clonl 10343) and 
using the fluorogenic stromelysin substrate (MCA-Arg-Pro-Lys-Pro-Val-Glu- 
Nval-Trp-Arg-Lys-[DNP]-NH2) (R&D Systems; ES002, Abingdon, UK) 
[Lombard et al.; Biochimie, 2005; 87:265-272). The fluorescence (320 nm 
excitation and 405 nM emission) was measured on a spectrofluorimeter 
(SpectraMAX GeminiXS, Molecular Devices, CA, USA) for 1 h, it having been 
found that the 1:2 ratio completely inhibits the concentration of active enzyme 
(Fig. 4).

The results show the coadjuvant effect on the fibrinolysis to be MMP- 
10 specific, given that it reverses in the presence of the anti-MMP-10 
antibody. This effect is quite remarkable when said antibody is added to 
block the endogenous activity of the plasma MMP-10 (Fig. 5). The results 
reveal that the absence of MMP-10 in the plasma prevents the lysis of the 
fibrin clot even in the presence of tPA or uPA (Table 1).
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excitation and 405 nM emission) was measured on a spectrofluorimeter 
(SpectraMAX GeminiXS, Molecular Devices, CA, USA) for 1 h, it having been 
found that the 1:2 ratio completely inhibits the concentration of active enzyme 

(Fig. 4).
5 The results show the coadjuvant effect on the fibrinolysis to be MMP-

10 specific, given that it reverses in the presence of the anti-MMP-10 
antibody. This effect is quite remarkable when said antibody is added to 
block the endogenous activity of the plasma MMP-10 (Fig. 5). The results 
reveal that the absence of MMP-10 in the plasma prevents the lysis of the

10 fibrin clot even in the presence of tPA or uPA (Table 1).
These results were corroborated in the polymerized fibrin plate tests.

As is shown in Fig. 6, in the presence of the anti-MMP-10 antibody, the lysis 

area caused by the tPA: MMP-10 combination is reduced (91.2% vs. 

188:6%), whilst the control antibody has no effect (184.6%). This data

15 confirm that employing an MMP-10 inhibitor antibody blocks the 

pharmacological dissolving of fibrin clots.

In the claims which follow and in the preceding description of the 

invention, except where the context requires otherwise due to express 

language or necessary implication, the word “comprise” or variations such as

20 “comprises” or “comprising” is used in an inclusive sense, i.e. to specify the 

presence of the stated features but not to preclude the presence or addition 

of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to 

herein, such reference does not constitute an admission that the publication

25 forms a part of the common general knowledge in the art, in Australia or any 

other country.

4313790.1 (GHMatters) P81826.AU

P81826.AU


20
08

22
07

33
 

05
 Ju

l 2
01

3

15

The claims defining the invention are as follows:

1. Use of matrix metalloproteinase-10 MMP-10 in the preparation of a 
5 medicament for thrombolytic therapy.

2. Use according to claim 1, characterized in that said medicament 
also comprises a plasminogen activator.

10 3. Use according to claim 2, characterized in that the medicament is
suitable for simultaneous, separate or sequential administration of said 
component.

4. Use according to claim 2, characterized in that the plasminogen
15 activator is selected from among: the tPA tissue plasminogen activator, the 

uPA urokinase activator, streptokinase, staphylokinase and a derivative or 
fragment of said plasminogen activators which retains its ability to activate 
the plasminogen.

20 5. Use according to claim 4, characterized in that the plasminogen
activator is selected from among: tPA and a derivative or fragment of tPA 
which retains its ability to activate the plasminogen.

6. Use according to claim 5, characterized in that the plasminogen
25 activator is tPA.

7. Use according to claim 4, characterized in that the plasminogen 
activator is selected from among: uPA and a derivative or fragment of uPA 
which retains its ability to activate the plasminogen.

30

8. Use according to claim 7, characterized in that the plasminogen 
activator is uPA.

9. A pharmaceutical combination when used for thrombolytic therapy,

4313790.1 (GHMalters) PS1826.AU
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characterized in that it comprises, separately or in the one same composition, 
a matrix metalloproteinase-10 MMP-10 and a plasminogen activator mixed 
with pharmaceutically-acceptable excipients or vehicles.

5 10. A pharmaceutical combination according to claim 9, characterized
in that the plasminogen activator is selected from among: the tPA tissue 
plasminogen activator, uPA urokinase, streptokinase, staphylokinase and a 
derivative or fragment of said plasminogen activators which retain their ability 
to activate the plasminogen.

10

11. A pharmaceutical combination according to claim 10, 
characterized in that the plasminogen activator is selected from among: tPA 
and a derivative or fragment of tPA which retains its ability to activate the 
plasminogen.

15

12. A pharmaceutical combination according to claim 10, 
characterized in that the plasminogen activator is selected from among: uPA 
and a derivative or fragment of uPA which retains its ability to activate the 
plasminogen.

20

13. A kit when used for thrombolytic therapy, comprising a matrix 
metalloproteinase-10 MMP-10 and a plasminogen activator as a 
pharmaceutical combination for their simultaneous, separate or sequential 
administration for thrombolytic treatment.

25

14. A kit according to claim 13, characterized in that the plasminogen 
activator is selected from among: the tPA tissue plasminogen activator, uPA 
urokinase activator, streptokinase, staphylokinase and a derivate or fragment 
of said plasminogen activators which retains its ability to activate the

30 plasminogen.

15. A kit according to claim 14, characterized in that the plasminogen 
activator is selected from among: tPA and a derivative or fragment of tPA 
which retains its ability to activate the plasminogen.

43137©O_1 (GHMatters) P81828.AU
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16. A kit according to claim 14, characterized in that the plasminogen 
activator is selected from among: uPA and a derivative or fragment of uPA 
which retains its ability to activate the plasminogen.

5
17. Method for thrombolytic treatment and therapy comprising 

administering to the patient a therapeutically effective quantity of a matrix 
metalloproteinase-10 MMP-10.

10 18. Method according to claim 17, wherein said method also
comprises administering to the patient a therapeutically effective quantity of 
plasminogen activator.

19. Method according to claim 18, wherein the matrix
15 metalloproteinase-10 MMP-10 and the plasminogen activator are suitable for

simultaneous, separate or sequential administration.

20. Method according to claim 18, wherein the plasminogen activator 
is selected from among: the tPA tissue plasminogen activator, the uPA

20 urokinase activator, streptokinase, staphylokinase and a derivative or 
fragment of said plasminogen activators which retains its ability to activate 
the plasminogen.

21. Method according to claim 20, wherein the plasminogen activator
25 is selected from among: tPA and a derivative or fragment of tPA which

retains its ability to activate the plasminogen.

22. Method according to claim 20, characterized in that the 
plasminogen activator is selected from among: uPA and a derivative or

30 fragment of uPA which retains its ability to activate the plasminogen.
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