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PROCEDURE FOR THE DETERMINATION OF 
THE ACTIVITY OF THE PROTEASE WHICH 
ACTIVATES FACTOR VII FROM PROTEIN 

SOLUTIONS 

0001. The invention relates to a procedure for the quali 
tative and quantitative determination of the protease which 
activates factor VII in complex protein Solutions Such as 
plasma. 

BACKGROUND OF THE CLAIMED 
INVENTION 

0002 The blood clotting system comprises two different 
cascade-like pathways for activating clotting factors which 
are present in the plasma. The intrinsic or the extrinsic 
pathway is used for initiating clotting, depending on the 
triggering mechanism. 
0003) When tissue is damaged, thromboplastin (tissue 
factor, TF with phospholipids) is exposed by the affected 
cells and initiates the extrinsic clotting pathway. The mem 
brane located thromboplastin can bind both clotting factor 
VII (FVII) and circulating activated FVII (FVIIa). In the 
presence of calcium ions and lipids, this TF-FVIIa complex 
leads to the binding of FX, which is converted into its 
activated form (FXa) by limited proteolysis. FXa in turn 
leads, by activating prothrombin to form thrombin, to the 
formation of fibrin and ultimately to closure of the wound. 
0004 While further activation of the thromboplastin 
bound FVII initially takes place autocatalytically, after the 
clotting cascade has been initiated, by FXa and thrombin, in 
particular, additional activation of the thromboplastin-bound 
FVII occurs, leading to marked reinforcement of the reaction 
cascade. 

0005. The administration of FVIIa or FVIIa-containing 
concentrates is used in certain clinical situations. The So 
called FVIII-bypassing activity of FVIIa is used in patients 
who are Suffering, for example, from hemophilia A and have 
developed antibodies against FVIII as a consequence of the 
administration of FVIII. According to presently available 
findings, FVIIa is well tolerated in this context and, while it 
does not lead to any tendency to thrombosis, it is Suitable for 
ensuring that clotting takes place to a limited but adequate 
extent. Recombinant FVIIa is already being used therapeu 
tically and prophylactically. FVII which has been isolated 
from blood plasma can also be activated and then used. 
ProteaseS Such as thrombin can be used for this activation, 
however, these proteases Strongly activate clotting and lead 
to the risk of a thrombosis. For this reason, Subsequent 
removal or inactivation of thrombin is necessary and leads 
to yield losses. As a result of the risk of thrombosis which 
is associated with it, the use of FXa or FIIa (thrombin) is 
frequently contraindicated and only indicated in emergen 
cies, e.g., in association with extreme loss of blood and 
unstoppable hemorrhages. 

0006 FVIIa is found in very low concentrations in the 
plasma of healthy Subjects. Very little is known about the 
formation and origin of FVIIa which is circulating in the 
blood. Traces of thromboplastin which has been expressed 
or released in association with cell destruction might play a 
role in this context. Although it is known that factor XIIa, for 
example, can lead to FVII activation under certain condi 
tions, the physiological relevance of this reaction has not yet 
been clarified. 
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0007 Surprisingly, a FVII-activating protease, which dif 
fers from all the previously known proteases, has now been 
found in connection with fractionation of human plasma and 
certain prothrombin complex concentrates. Investigations 
into this protease have shown that it exhibits a particularly 
high amidolytic activity toward the peptide substrate S2288 
(HD-isoleucyl-L-prolyl-L-arginine-pNA) from Chromoge 
nix AB, Sweden. A particular feature of this protease is that 
the amidolytic activity is efficiently inhibited by aprotinin. 
Other inhibitors, such as the antithrombin III/heparin com 
plex, are also suitable for the inhibition. On the other hand, 
its activity is increased by heparin and heparin-related 
Substances Such as heparin Sulfate or dextran Sulfate and 
calcium ions. Finally, it has been found that this protease is 
able, in a manner dependent on time and on its concentra 
tion, to convert FVII into FVIIa. This reaction, too, is 
inhibited by aprotinin. 
0008. The novel protease for activating the blood clotting 
factor VII is: 

0009) 
0010 b) increased in its activity by calcium ions 
and/or heparin or heparin-related Substances, and 

0011 c) in SDS-PAGE, on Subsequent staining in 
the non-reduced State, has one or more bands in the 
molecular weight range from 50 to 75 kDa and in the 
reduced state has a band at 40 to 55 kDa and one or 
more bands in the molecular weight range from 10 to 
35 kDa. 

a) inhibited by the presence of aprotinin, 

0012. In the following text, the activated form of the 
protease is termed “protease' whereas the non-activated 
form is termed “proenzyme'. 
0013 Further investigations with this protease have 
shown that, after enriching or isolation, it Suffers from a 
rapid loss of activity, which was observed in a Solution 
containing 20 mM tris, 0.15 M NaCl at a pH of 7.5. The 
addition of albumin at a concentration of 0.1% was not able 
to prevent the activity of the protease from decreasing by 
50% after one hour at room temperature. On the other hand, 
very good Stabilization of the protease was observed in a 
solution which was buffered to a pH of 6.5 with 50 mM Na 
citrate. If no particular Stabilizers are added to the protease 
Solution, Slight to no losses in activity are observed if the 
solution is adjusted to a pH of between 4 and 7.2, preferably 
to a pH of between 5.0 and 7.0. However, it is expedient to 
add Stabilizers to the Solution, apart from citrate, Such as 
glutamate, amino acids, Such as arginine, glycine or lysine, 
calcium ions and SugarS Such as glucose, arabinose or 
mannose in quantities of 1-200 mmol/l, preferably in quan 
tities of 5-100 mmol/l. Efficient stabilization was also 
achieved by adding glycols Such as ethylene glycol or 
glycerol, with quantities of 5-80% by weight, preferably of 
10-60% by weight, being used. The pH of the stabilized 
Solution should then be between 4 and 9. 

0014 While the novel protease, and also the proenzyme, 
can be obtained by recombinant DNA methods or by pro 
duction in, e.g., the milk of Suitable transgenic animals, they 
can in particular be obtained by fractionation of blood 
plasma or of prothrombin complex (PPSB) concentrates. 
The Starting material is first Subjected to anion exchange 
chromatography, which is followed by an affinity chroma 
tography of the elute. Heparin which is immobilized on a 
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matrix, or a heparin-related Substance Such as heparan 
Sulfate or dextran Sulfate, is particularly Suitable for the 
affinity chromatography. When Such a chromatographic 
method is used, the novel protease and/or the proenzyme can 
be selectively bound and then eluted once again using 
known methods. The use of a Spacer is advisable for 
coupling the ligand to the matrix. A heparin-lysine matrix 
has been found to be particularly Suitable for isolating the 
novel protease. 

0.015. In SDS-PAGE with Subsequent staining, the pro 
tease which has been isolated by this method exhibits, in the 
non-reduced State, one to Several bands which lie closely 
together in the molecular weight range of 55-75 kDa. 
Following reduction, one to Several bands were observed in 
the molecular weight range of 15-35 kDa and one band was 
observed at 40-55 kDa. A further band between 60 and 65 
kDa, which, after Scanning and quantitative evaluation, 
constituted 5-10% of the total protein, showed that non 
activated proenzyme was also present. This result was 
Supported by appropriate investigations using monoclonal 
antibodies against this protease. It was therefore concluded 
that the proenzyme of this protease can also be prepared, 
pasteurized and used by the method according to the inven 
tion. The proportion of the proenzyme to the weight of the 
total protein is indicated by the band between 60 and 65 kDa. 
Corresponding to the amino acid Sequence which constitutes 
the activation region of the proenzyme, thrombin, kallikrein 
or FXIa are, in accordance with their Substrate specificities, 
examples of Suitable physiological activators of the proen 
Zyme. 

0016 Some of the properties of the novel protease which 
have been described, namely the fact that it can be isolated 
from plasma or from Prothrombin complex (PPSB) concen 
trates which are derived from plasma, the inhibition of its 
amidolytic activity by aprotinin and the described migration 
behavior in SDS-PAGE, both in the reduced and in the 
non-reduced States, are reminiscent of a protease which was 
isolated by Hunfeld et al. (Ann. Hematol. 1997: 74; A87, 
113, Ann. Hematol. 1998; 76; A101, P294 and Etscheid et al. 
Ann. Hematol. 1999, 78: A42) from a PPSB concentrate 
which was not defined in any more detail. In that case, the 
preparation was essentially achieved using an aprotinin 
matrix. As a result of the amidolytic cleavage of certain 
peptide Substrates, the activity was described as being a 
thrombin-like activity. Hunfeld et al. did not find any influ 
ence on global clotting parameterS Such as prothrombin 
time, Quick or platelet aggregation. 

0.017. The N-terminal sequencing of the protease 
described by Hunfeld et al. shows concordances with a 
protein whose cDNA was described by Choi-Miura et al. (J. 
Biochem. 119: 1157-1165 (1996)). In its primary structure, 
the corresponding protein exhibits homology with an 
enzyme termed hepatocyte growth factor activating enzyme 
(HGFA). 
0.018 When the two bands of the present protease, which 
were isolated from SDS-PAGE under reducing conditions, 
were Subjected to N-terminal Sequencing, the following 
concordances were established: 
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Molecular weight 
range of the band Amino acid sequence Author 

10-35 kDa Ile-Tyr-Gly-Gly-Phe-Lys-Ser-Thr- Protease of the 
Ala-Gly-Lys (SEQ ID No. 1) present invention 

30 kDa Ile-Tyr-Gly-Gly-Phe-Lys-Ser-Thr- Hunfeld et al. 
Ala-Gly (SEQ ID No. 2) 

17 kDa Ile-Tyr-Gly-Gly-Phe-Lys-Ser-Thr- Choi-Miura et al. 
Ala-Gly-Lys-His (SEQ ID No. 3) 

40-55 kDa Leu-Leu-Glu-Ser-Leu-Asp-Pro Protease of the 
(SEQ ID No. 4) present invention 

50 kDa Ser-Leu-Asp-Pro (SEQ ID No. 5) Hunfeld et al. 
50 kDa Ser-Leu-Leu-Glu-Ser-Leu-Asp- Choi-Miura et al. 

Pro-Trp-Thr-Pro-Asp (SEQ ID 
No. 6) 

0019 Concordances are also found in other test results 
Such as Substrate Specificity and the ability of the activity to 
be inhibited. Despite this, the above-mentioned proteins 
investigated by Hunfeld et al. and Choi-Miura et al. have not 
been reported to possess the property of activating FVII or 
activating other factors. 
0020. Because the novel protease can be used diagnosti 
cally and therapeutically, it is desirable to qualitatively and 
quantitatively detect the protease is complex protein Solu 
tions Such as plasma. 

DESCRIPTION OF THE CLAIMED INVENTION 

0021 German Patent Application 19903 693, and its 
corresponding Canadian Patent Application 2,269,109, 
already discloses test Systems and procedures for the quali 
tative and quantitative detection of the protease which 
activates blood clotting factor VII. These include chromoge 
nic test procedures, which are based on the cleavage of 
labeled, low molecular weight peptide Substrates and the 
photometric determination of the extinction occurring in this 
case, and test procedures in which the biological properties 
of the protease mentioned are utilized. In these procedures, 
the protease or its proenzyme can be detected in that it has 

0022 a) an action which inactivates blood clotting 
factors VIII/VIIIa or V/Va; or 

0023 b) an action which reduces the blood clotting 
times in global clotting tests, or 

0024 c) an action which activates plasminogen acti 
Vators, or 

0.025 d) an action which activates FVII. 
0026. In the test systems previously employed, however, 
the determination of the activity of the protease only leads 
to reliable results if the protease is present in a purified or 
enriched State and no interfering effects of impurities distort 
the measurement result. Very complex protein mixtures Such 
as plasma or tissue fluids contain a large number of proteins 
which can prevent or at least hinder a specific qualitative and 
quantitative determination of the protease. Moreover, 
according to the present level of knowledge, the protease is 
present in the plasma especially as a proenzyme, Such that 
activation to give the active protease is necessary for the 
purpose of the Subsequent activity determination. 
0027. The investigation of the function and of the bio 
logical activity of the protease is of high interest. For 
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example, a lowered antigen content and/or a disruption of 
the biological activity, for example due to a gene mutation, 
could indicate an increased risk of thrombosis. Therefore, 
the object of the present invention is to develop a procedure 
which makes possible the qualitative and quantitative deter 
mination, in a manner which is as Simple and Specific as 
possible, of one or more biological activities of the factor 
VII-activating protease. 

0028. It has now been found that these requirements are 
fulfilled by a procedure for the determination of the activity 
of the protease which activates the blood clotting factor VII 
in protein Solutions, in which 

0029 the protein solution comprising the protease 
and/or its proenzyme is incubated with a Solid phase 
to which an antibody directed against the protease 
and/or its proenzyme has been coupled beforehand, 
and 

0030 after washing the Solid phase, the protease 
and/or its proenzyme fixed thereto, are incubated 
with reagents which allow for the determination of 
their activity. 

0.031) Surprisingly, this determination procedure can be 
used not only on the protease in its activated form but also 
with its non-activated proenzyme. Although previous inves 
tigation results indicated that the protease circulates in 
plasma mainly as a proenzyme and, therefore, in order then 
to be able to display its biological activities, the proenzyme 
must be activated to the protease after being bound to the 
Solid phase, it has now Surprisingly been found that Such an 
activation is not necessary. The proenzyme bound to the 
Solid phase displays its biological activity in immobilized 
form in the same manner as the protease. A Separate acti 
Vation Step is therefore unnecessary, allowing for more rapid 
and interference-free determination. 

0032) Activation of the proenzyme, however, can be done 
in order to ensure that the proenzyme bound to the Solid 
phase has been completely activated. 
0.033 Suitable solid phases are matrices known to the 
perSon Skilled in the art, Such as activated Sepharose(E) or 
Fraktogel(R). Microtiter plates are preferably coated with 
antibodies directed against the protease or its proenzyme, 
which can be of polyclonal or monoclonal origin. Antibody 
fragments Such as F(ab) or F(ab) can also be used. Unlike 
the antigen test, in which a labeled Second antibody is used 
for detection and quantification, the present invention can 
utilize chromogenic Substrates which allow for the determi 
nation of the activity of the protease. Aparticularly preferred 
chromogenic Substrate is S2288 from Chromogenix AB 
(H-D isoleucyl-L-prolyl-L-arginine-pNAx2 HCl), which, 
like Similar compounds, shows significant concentration and 
time dependent increase in the absorption due to amidolysis 
of the Substrate. Surprisingly, the protease retains its bio 
logical activities and properties even after binding to the 
antibody, namely the capability to activate FVII and plas 
minogen activators. The Specific determination of the func 
tionality of the protease from a complex protein Solution is 
thereby possible. 

0034. In addition to the chromogenic substrates, the other 
Substrates mentioned in Canadian Patent Application 2,269, 
109, such as S2765 (N-a-Cbo-D-Arg-Gly-Arg-pNA), also 
offer themselves for the activity determination, i.e., the 
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inactivation of the blood clotting factors VIII/VIIIa or V/Va 
and also the activation of the FVII and the plasminogen 
activators. In this determination, for example, the proportion 
of activated factor VII can be determined by direct amidoly 
sis of a chromogenic Substrate which is specific for the FVII 
or by a coupled reaction such as the so-called FVIIa-rTF 
test. The activation of Single-chain plasminogen activators 
(ScuPA, Single chain urokinase plasminogen activator or 
SctPA, Single chain tissue plasminogen activator) can be 
Simply monitored by Substrate reaction of, for example, 
S2444 (pyroGlu-Gly-Arg-pNAxHCl). As described in 
Canadian Patent Application 2,269,109, Substances can also 
be added for detection which stimulate the activity of the 
protease, for example, Soluble calcium Salts and/or heparin 
or Substances related to heparin Such as dextran Sulfate. 
0035) Further investigations of the described process 
demonstrated its Suitability for the detection or quantifica 
tion of the FVII-activating protease in solutions, body fluids 
and cell or tissue extracts. Among these are the Solutions 
containing this protease, Such as intermediates of the prepa 
ration of the protease and cell culture Supernatants, which 
are also obtained in the fermentation of appropriate cells for 
recombinant expression. Among these are also Solutions, 
Such as milk, which are obtained in the transgenic prepara 
tion of the protease or of the proenzyme. 

0036) The process is moreover suitable for the determi 
nation of the activity of the FVII activating protease in 
extracts of tissueS or cells. Such a determination gives an 
indication about the presence of the protease activity or 
about potential pathological conditions in the case of over or 
underexpression of this protein. 

0037. A particular interest applies to the detection of the 
protease activities in body fluids, Such as blood and plasma, 
Seminal plasma, urine, cerebroSpinal fluid, bronchioalveolar 
lavage, amniotic fluid, Saliva or lacrimal fluid. A valuable 
Supplement to present invention is the antigen determination 
System (e.g. ELISA) mentioned in Canadian Patent Appli 
cation 2,269,109. With the aid of both determination sys 
tems, a more comprehensive picture can be obtained, for 
example, in the case of a disorder. 

0038. In the investigation of healthy blood donors, it was 
conspicuous that about 5-10% of the plasmas investigated 
had a markedly lower protease activity (approximately 
30-50% of the average value), compared with a standard 
(pool plasmas), as displayed in greater detail in FIG. 1. This 
information was Supplemented by the fact that almost of all 
these donors had antigen contents in the normal range. This 
could indicate, for example, (heterozygotic) mutation(s) 
which would correspondingly influence the activity, but not 
the antigen content of a plasma Sample. As a consequence, 
these donors could be a risk group for certain diseases and, 
if necessary, prophylactic measures could be taken early. 
This applies either to people who have increased or lowered 
activity levels. We found significantly increased activities of 
this protease (with in Some cases a normal or slightly 
increased antigen content) in plasmas of patients with car 
diac infarcts (See also FIG. 2) and stable and unstable angina 
pectoris compared with a group of healthy donors. AS yet, it 
is still not clear whether an increase in the protease activity 
can be assessed as a cause of this condition or whether this 
more likely corresponds to a counterreaction of the body, in 
the Sense of increased thrombolysis. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 shows protease activities (pPEU/ml) of 
healthy men (A) and women (B). 

0040 FIG. 2 shows protease activities (pPEU/ml) from 
patients with acute myocardial infarction (AMI) (A) and 
from healthy donors (B). 

0041 Apart from the physiological relevance of 
increased protease activities, this parameter can lead to early 
detection and can be used as a criterion of a change in the 
Syndrome. This includes the diagnosis of further cardiovas 
cular-associated complications. 

0.042 Beyond these indications, the determination sys 
tem described (also in combination with an antigen deter 
mination System) can also be used for diagnosis and thera 
peutic monitoring in the case of malignant diseases, 
inflammation, autoimmune diseases, Vasculitis, respiratory 
defects or for the diagnosis of hemostasis (clotting and 
fibrinolysis), and also in the case of Sepsis and associated 
reactions, Such as disseminated intravasal clotting. Further 
application areas include the diagnosis of organ defects, 
Such as cerebral, respiratory and kidney diseases. In patients 
with cirrhosis of the liver, we found Significantly decreased 
activities of the protease, which in most cases were accom 
panied by decreased antigen levels. 

0.043 Further investigations showed that in addition to a 
moderate increase in the antigen level in the plasma of 
healthy pregnant women, a marked increase in the protease 
activity is observed during the course of pregnancies, with 
the highest values in the third trimester. An absence of Such 
an increase in the protease can be associated with a risk for 
the mother and child during the pregnancy, Such as throm 
boembolic complications etc. up to and including premature 
birth and miscarriage or malformation of the fetus. 

0044) The invention is illustrated by the following 
examples: 

EXAMPLE 1. 

0045. Determination of Prourokinase 

0046 Microtiter plates (96 wells) were coated with a 
monoclonal antibody against the protease by pipetting 150 
All of a Solution comprising 10 ug/ml of the monoclonal 
antibody into each hollow. After incubation at room tem 
perature for 16 hours, the plates were washed Several times. 
100 ul of increasing concentrations of purified protease or 
various dilutions of a standard human plasma (SHPL) were 
in each case pipetted into the hollows. After incubation at 
37 C., the solutions were removed by washing several times 
and the activities were determined. 

0047 50 ul of a prourokinase solution (10 ug/ml, Ameri 
can Diagnostica, US) were pipetted into each hollow, as 
were 50 ul of buffer, which contained 30 mM CaCl and 
100/ml of heparin. Two minutes later, a further 100 ul of 
buffer and 25ul of the substrate S2444 (3 mM) were added. 
The increase in the absorption at 405 nm per minute was 
determined. 
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Protease, purified 
(g/ml) A mo)/min SHPL (dilution) A moD/min 

O 0.4 buffer 0.4 
O.1 7 1:2OO 0.4 
O.2 12 1:100 O.9 
0.4 18 1:50 7.5 
O.6 22 1:33.3 8.4 
O.8 24 1:25 15.2 
1.O 27 1:2O 24.8 
2.0 34 1:10 31.2 

EXAMPLE 2 

0048) Determination of the Activation of Factor VII 
0049. The coating of the microtiter plates and the incu 
bation with the Sample Solutions was carried out as 
described in Example 1. Instead of the activation of the 
prourokinase, the activation of the factor VII was deter 
mined. To this end, in each case 50 u1 of buffer, comprising 
30 mM CaCl and 100 IU/ml of heparin, were added to the 
hollows of the plate and incubated for 2 minutes at room 
temperature. After addition of a further 100 ul of buffer and 
25ul of Spectrozym(R) VIIa (3 mM, American Diagnostica/ 
US), the AmOD/min was determined. 

Protease, purified 
(ug/ml) A mo)/min SHPL (dilution) A moD/min 

O O.3 buffer O.3 
O.2 18 1:100 O.3 
0.4 2.8 1:50 O.3 
O.6 3.0 1:33.3 O.8 
O.8 3.6 1:25 3.2 
1.O 4.7 1:2O 7.2 
1.5 7.1 1:13.3 8.4 
2.0 7.9 1:10 11.5 

0050. With the aid of these dilution series, it is possible 
to compare individual plasmas and to determine the func 
tionality of the protease. By comparison with a Standard 
human plasma which represents a pool of hundreds of 
individual plasmas, Significant deviations from the norm can 
be detected. The activity thus found should ideally be set in 
the ratio to the antigen content which can be determined, for 
example, by means of ELISA. 
0051) If the amount of protease is known, then the 
Specific activity of the protease and its proenzyme contained 
in the protein Solution can be determined. 

EXAMPLE 3 

0052) Determination of the Protease Activity in 190 Plas 
mas of Healthy Donors 
0053) 190 citrate plasmas of healthy people (140 were 
men and 50 women), were investigated with the aid of the 
determination test described. In order to determine whether 
activities potentially differing from the average value of all 
investigated plasmas accompanied a corresponding change 
in the protease antigen level, an ELISA was used as 
described in Canadian Patent Application 2,269,109. Such 
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an ELISA for the detection of the protease as an antigen is 
feasible with the aid of monoclonal or polyclonal Specific 
antibodies against this protease. 
0054 FIG. (1) shows the protease activities of the inves 
tigated healthy men (A) and women (B). It is clear that 
5-10%, both men and women, show a markedly decreased 
activity compared with the average. 
0055 The protease activities (y-axis) and the antigen 
levels of the corresponding people (X-axis) belonging to 
them are shown in the figure. The arbitrary normal ranges 
of the antigen and activity levels are in each case shown by 
horizontal and vertical lines as upper and lower limits of the 
parameters. The rectangles resulting therefrom (in each case 
in the center of the figure) accordingly represent the normal 
ranges of healthy donors. It is again particularly clear here 
that the majority of the Samples having decreased activity 
were not accompanied by a corresponding reduction of the 
antigen levels. This could indicate a heterozygotic mutation 
(or several), i.e., for example about 50% of the protease 
molecules could be modified by one or more mutations Such 
that a reaction with biological Substrates is no longer guar 
anteed. In the case of a fibrinolytic importance of the 
protease, this could be associated with a risk of thrombosis 
(or of other diseases etc.) of this presently still healthy 
population, although in the minority of the Samples inves 
tigated the values of the reduced protease activity, which go 
along very well with a reduced antigen content, are to be 
assessed as no leSS interesting, as obviously a dysregulation 
of the plasma availability of the protease is present, which 
can be associated with a comparable risk as described. 
0056 Accordingly, the detection of the protease activity, 
also in association with antigen determination, can be seen 
as a parameter for early recognition and prophylaxis/thera 
peutic control. 

EXAMPLE 4 

0057 Determination of the Protease Activity in Plasma of 
Pregnant Women 
0.058 Citrate plasma of pregnant women was tested as 
described in Example 3. Samples were obtained at various 
times during pregnancy and then investigated. 
0059. The courses of two unproblematic pregnancies are 
shown in Table 1. A clear increase in the protease activity 
with duration of the pregnancy is detected, compared with 
the antigen contents of the protease Show no increase to a 
moderate increase. An absence of this increased activity 
could be associated with problems for the mother and fetus. 
0060 Healthy (nonpregnant) women, on the other hand, 
show a continuous course of the protease activities (neither 
increased nor decreased, in the context of the test variations) 
during a corresponding observation period (not shown). 

TABLE 1. 

Trimester of Antigen (%) Activity (%) 
pregnancy Pregnant women Pregnant women 

1. 2 1. 2 
I 103 105 110 115 
II 118 123 158 176 
III 126 143 215 28O 
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0061 The percentage data related average values of 
healthy (nonpregnant) women (not shown). 

EXAMPLE 5 

0062) Determination of the Protease Activity in Cardiac 
Infarct Plasma 

0063 Plasma from 54 patients with acute myocardial 
infarct was obtained on admission (before intensive treat 
ment) to the emergency ward and used for routine analysis. 
Later, plasma residues (unthawed aliquots) were used for the 
quantification of the protease activities (and antigen con 
tents). 
0064 FIG. (2) summarizes the results of the investiga 
tion. Compared with a group of healthy donors (B), signifi 
cantly higher protease activities (and also the antigen con 
tents) can be measured in the plasma of patients with acute 
myocardial infarct (A). 
0065 Accordingly, these parameters can be used for the 
early detection of an infarct, i.e., even in the case of Stable 
and unstable angina pectoris. In patients with these coronary 
heart disorder we also found Significantly increased activi 
ties on average. The height of the measured values can make 
possible evaluation of the degree of Severity of the disease 
or give valuable indications about the condition of the 
patient in the course of infarct and angina pectoris prophy 
laxis and therapy. Moreover, these parameters can be used 
for the assessment of other complications associated with 
the cardiovascular System. 
We claim: 

1. A method for determining the activity of the protease 
that activates blood clotting factor VII in a protein Solution, 
comprising: 

1) coupling an antibody that binds the protease and its 
proenzyme to a Solid phase; 

2) binding the protease and its proenzyme to the antibody 
by incubating a protein Solution containing the protease 
and its proenzyme with the Solid phase, 

3) removing unbound protease and proenzyme by wash 
ing the Solid phase; 

4) incubating the Solid phase with a reagent to produce a 
Signal; 

5) detecting the Signal produced by the reagent; and 
6) comparing the level of the Signal with a reference 

Standard to determine the amount of activity of the 
protease and its proenzyme. 

2. A method for determining the activity of the protease 
that activates blood clotting factor VII in a protein Solution, 
comprising 

1) coupling an antibody that binds the protease or its 
proenzyme to a Solid phase; 

2) binding the protease or its proenzyme to the antibody 
by incubating a protein Solution containing the protease 
or its proenzyme with the Solid phase; 

3) removing unbound protease or proenzyme by washing 
the Solid phase; 

4) incubating the Solid phase with a reagent to produce a 
Signal; 
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5) detecting the Signal produced by the reagent; and 
6) comparing the level of the signal with a reference 

Standard to determine the amount of activity of the 
protease or its proenzyme. 

3. The method as claimed in claim 1 or 2, wherein the 
reagent comprises a chromogenic Substrate, and wherein the 
activity is measured through photometric extinction of the 
Signal produced by the chromogenic Substrate. 

4. The method as claimed in claim 1 or 2, wherein the 
activity of the protease is measured by determining: 

1) inactivation of blood clotting factors VIII/VIIIa or 
V/Va; 

2) reduction of the time of blood clotting as measured in 
a global clotting test; 

3) activation of plasminogen activators; or 
4) activation of FVII. 
5. The method as claimed in claim 1 or 2, wherein the 

antibody directed against the protease and its proenzyme is 
a polyclonal antibody, a monoclonal antibody, or an F(ab) or 
F(ab) antibody fragment. 

6. A kit for determining the activity of the protease that 
activates factor VII comprising a Solid phase, an antibody 
that binds the protease and its proenzyme, and a reagent that 
allows determination of the activity of the protease and its 
proenzyme, wherein the kit provides components for deter 
mining the amount of protease activating blood clotting 
factor VII. 

7. A kit for determining the activity of the protease that 
activates factor VII comprising a Solid phase, an antibody 
that binds the protease or its proenzyme, and a reagent that 
allows determination of the activity of the protease or its 
proenzyme, wherein the kit provides components for deter 
mining the amount of protease activating blood clotting 
factor VII. 
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8. The method of claim 1 or 2, wherein early detection of 
an infarct, or stable or unstable angina pectoris can be made 
by comparing the level of protease activity in the protein 
Solution to the level of protease activity in protein Solutions 
taken from patients Suffering from an infarct or Stable or 
unstable angina pectoris. 

9. The method of claim 1 or 2, wherein an assessment of 
the effect of administering a prophylactic to a patient Suf 
fering from angina pectoris can be made can be made by 
comparing the level of protease activity in the protein 
Solution to the level of protease activity in protein Solutions 
taken from patients Suffering from angina pectoris who have 
not been administered a prophylactic. 

10. The method of claim 1 or 2, wherein an assessment of 
the effect of administering therapy to a patient Suffering from 
angina pectoris can be made by comparing the level of 
protease activity in the protein Solution to the level of 
protease activity in protein Solutions taken from patients 
Suffering from angina pectoris who have not been adminis 
tered therapy. 

11. The method of claim 1 or 2, wherein diagnosis of the 
Severity of an infarct can be made by comparing the level of 
protease activity in the protein Solution to the level of 
protease activity in protein Solutions taken from patients 
who have Suffered an infarct. 

12. The method of claim 1 or 2, wherein the method 
enables monitoring of the level of protease activity in 
protein Solutions taken from pregnant women, and wherein 
an increasing level of protease activity indicates a reduced 
risk of thromboembolic complications. 

13. The method of claim 1 or 2, wherein early detection 
of the risk of thrombosis can be made by comparing the level 
of protease activity in the protein Solution to the level of 
protease activity in protein Solutions taken from patients 
with thrombosis. 


