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Methods are disclosed for determining, in a sample derived
from a human, the functional activity of a component of the
human blood coagulation system, which activity can be
correlated to conversion of a substrate specific for activated
Protein C (APC), by measuring in an assay medium con-
taining the sample and a substrate for APC, the conversion
of the substrate by APC and correlating the conversion to the
functional activity of the component. When the component
is anticoagulant Factor V, at least one of exogenous APC,
Protein S or an inhibitor of Protein S activity is added to the
medium. When the component is Protein C, APC, or Protein
S, exogenous anticoagulant Factor V or an inhibitor of
anticoagulant activity of Factor V is added to the medium.
Methods are also disclosed for diagnosing a blood coagu-
lation/anticoagulation disorder or for determining a predis-
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ASSAYS FOR DETERMINING ANTICOAGULANT
COFACTOR ACTIVITY

RELATED APPLICATIONS

[0001] Priority is claimed to U.S. patent application Ser.
No. 08/500,917, which is a national phase application of
International Application PCT/SE94/00070, filed Jan. 28,
1994, which claims priority to Swedish Application No.
9300300-2, filed Jan. 29, 1993, and Swedish Application
No. 9302457-8, filed Jul. 20, 1993, the disclosures of which
are hereby incorporated by reference in their entireties.

FIELD OF THE INVENTION

[0002] The present invention is related to the diagnosis
and treatment of blood coagulation disorders. In particular,
the present invention is generally related to a novel antico-
agulant cofactor activity involved in the human blood
coagulation system and possibly also involved in the blood
coagulation system of some other mammalian species.

BACKGROUND OF THE INVENTION

[0003] Blood coagulation is a complex system involving a
large number of proteins that function in concert with
platelets to yield hemostasis. The coagulation system is
strictly regulated by a series of anticoagulant proteins
present in plasma and on the surface of endothelial blood
cells (Esmon, J. Biol. Chem. 264 (1989) 4743-4746; Bauer,
Sem. Hematol. 28 (1991)10-18; and Rapaport, Blood 73
(1989) 35965). Under physiological conditions, pro- and
anti-coagulant mechanisms are delicately balanced to pro-
vide hemostasis and coagulation. Disturbances in this bal-
ance result in either bleeding or thromboembolic disorders.

[0004] The present invention is related to a novel activity
involved in a physiologically important anticoagulant sys-
tem associated with Protein C and Protein S that has been
elucidated in recent years and is shown as part of the blood
coagulation interactions illustrated in FIG. 5.

[0005] In the above mentioned anticoagulant system, Pro-
tein C, a vitamin K-dependent plasma protein, is a key
component that, after activation to Activated Protein C
(APC) on endothelial cells by the thrombin/thrombomodulin
complex, selectively degrades the coagulation Factors Va
and VIlla, i.e., the activated forms of the coagulation Factors
V and VIII, respectively. (Esmon, supra; Stenflo, in Protein
C and Related Proteins, ed. Bertina (Churchill Livingstone
Longham Group, UK) (1988) 21-54; Mann et al., Ann. Rev.
Biochem. 57 (1988) 915-956; and Kane et al., Blood 71
(1988) 539-55).

[0006] The activity of APC is influenced by another vita-
min K-dependent plasma protein, designated Protein S,
which functions as a cofactor to APC in the degradation of
Factors Va and VIlla (Esmon, supra; Stenflo, supra; and
Dahlbéck, Thromb. Haemostas. 66 (1991) 49-61).

[0007] The above mentioned Factors Va and VIlla are
phospholipid-bound cofactors involved in the activation of
Factor X and prothrombin, respectively, and are, thus,
indirectly involved in the conversion of fibrinogen to fibrin,
i.e., in clot formation. Accordingly, the rate of the coagula-
tion reaction is dependent on the balance between the
activation of Factors VIII and V and the degradation of their
activated forms, the unactivated Factors VIII and V being
poor substrates for APC.
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[0008] Disturbances in the blood coagulation system are
frequently manifested as serious and often life-threatening
conditions, and knowledge about the underlying causes for
the disturbances is often crucial in order to enable diagnosis
and/or successful therapy of a manifested disease or the
screening of individuals having a predisposition for a blood
coagulation disease. For instance, therapeutic use of purified
Protein C has been developed as a result of the discovery of
Protein C deficiency associated with thrombophilia.

[0009] Thrombophilia can be defined as a tendency
towards early-onset venous thomboembolic disease in adults
in the absence of known risk factors. Although abnormalities
have been determined for some thrombophilic patients, in
the majority of such cases no laboratory test abnormalities
were identified.

[0010] The present invention is related to a new defect in
anticoagulant response to activated Protein C, called APC-
resistance, which has been shown to be inherited and asso-
ciated with familial thrombophilia.

[0011] In a few cases thrombophilia has been associated
with hypothetical factors, such as an anti-Protein C antibody
(Mitchell et al., New England Journal of Medicine, 1987,
Vol. 316, 1638-1642), an anti-cardiolipin antibody (Amer et
al., Thrombosis Research 57 (1990) 247-258) and a defec-
tive Factor VIII molecule (Dahlbéck et al., Thromb. Hae-
most. 65, Abstract 39, 658 (1991)).

[0012] WO 93/10261, in vitro methods for the diagnosis
of'a manifested blood coagulation disorder or for the screen-
ing of individuals predisposed to a blood coagulation dis-
order are disclosed. These methods are based on measure-
ment of the anticoagulant response to exogenous APC added
to a plasma sample from the individual to be tested, a weak
anticoagulant response to APC, i.e., APC-resistance, indi-
cating manifestation of or predisposition to blood coagula-
tion disorders, and especially a thromboembolic disease. No
explanation for APC-resistance is given but the resistance to
APC is suggested to be due to unknown interactions in the
blood coagulation system or to unknown coagulation fac-
tor(s) thereof. However, several possible explanations con-
necting the APC-resistance to functional Protein S defi-
ciency, a Protein C inhibitory antibody, a protease inhibitor
for APC or a mutation giving an APC-resistant Factor Va
molecule or a Factor VIII gene mutation were ruled out.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 illustrates chromatography on Q-Sepharose
(A) and Sephacryl S-300 (B) of Factor V and APC-cofactor
2 activity.

[0014] FIG. 2 illustrates the results from characterization
of isolated APC-cofactor 2 activity/Factor V on SDS-PAGE,
Western blotting, and agarose gel electrophoresis.

[0015] FIG. 3 illustrates co-purification of APC-cofactor 2
activity and Factor V on monoclonal antibody affinity chro-
matography.

[0016] FIG. 4 illustrates correction of APC-resistance by
purified APC-cofactor 2 activity/Factor V.

[0017] FIG. 5 illustrates the elements and interactions of
the human blood coagulation system.

DETAILED DESCRIPTION OF THE
INVENTION

[0018] According to the present invention it has been
found that APC-resistance is due to deficiency of a previ-
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ously unrecognized anticoagulant cofactor activity enhanc-
ing the proteolytic effect of APC directed against Factor Va
and Factor VIIla. The findings that form the basis for the
discovery of the present anti-coagulant cofactor activity
have been reported in Dahlbéck et al., Proc. Natl. Acad. Sci.
USA, 90 (1993) 1004-1008, said reference having a publi-
cation date after the earliest priority date claimed for the
present application.

[0019] More specifically, this anticoagulant activity has
been found to be expressed by Factor V, a finding that is
quite surprising, since Factor V is the precursor to the
procoagulant Factor Va, the latter being degraded by APC in
the above mentioned Protein C anticoagulant system. Thus,
Factor V is the second cofactor that has been found for APC,
the first one being Protein S as mentioned above. Accord-
ingly, the present novel anticoagulant cofactor activity is
designated “APC-cofactor 2 activity” or “Factor V antico-
agulant activity” and, where appropriate, Factor V is also
designated “APC-cofactor 2”. The prior known activity of
Factor V is designated “Factor V procoagulant activity”.
However, the possibility that the said activity is associated
with Factor Va cannot be ruled out entirely.

[0020] The discovery of the novel anticoagulant cofactor
activity according to the present invention is based on the
discovery of one patient with thrombosis and an abnormal
APC-resistance when his plasma was assayed with the
methods disclosed in WO 93/10261 (incorporated herein by
reference) and by Dahlbédck et al. (Thromb. Haemost. 65,
Abstract 39 (1991) 658). When studying a large cohort of
patients with thrombosis, APC resistance was found to be
the underlying cause in 30-40% of idiopathic thromboem-
bolic events (Thromb. Haemost. 69, 999, abstract (1993)).

[0021] Later, it has been found, according to the present
invention, that a crude fraction obtained from normal plasma
contained an activity, which corrected the defect of APC-
resistant plasma, whereas the corresponding fraction from
APC-resistant plasma from a patient with pronounced APC-
resistance was inactive. This proves the existence of a novel
cofactor to APC. In addition, by using preparations purified
in this activity in assays, which have been designed to
measure this activity, conclusive evidence for the existence
of a novel cofactor to APC has been achieved.

[0022] According to the present invention it has, thus,
surprisingly been found that human Factor V has activity as
a cofactor to APC, in addition to its well known function as
a precursor to the procoagulant Factor Va. Possibly, this dual
function of human Factor V is also expressed by Factor V
derived from blood from some other animal species, espe-
cially mammals, but not expressed in other species. For
instance, all results so far obtained indicate that bovine
plasma is lacking the said activity.

[0023] The said cofactor activity of Factor V means that
Factor V enhances the proteolytic effect of activated Protein
C, thus promoting the degradation of Factor Va, i.e., the
activated form of Factor V (FVa), as well as the degradation
of Factor VIlIa.

[0024] It is previously well known that the procoagulant
activity of Factor V is due to its activation by thrombin, in
which three peptide bonds are cleaved, resulting in the
formation of the procoagulant Factor Va as a complex
between the N- and C-terminal portions of the native Factor
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V. The function of the two large activation peptides derived
from the central portion of Factor V is, however, unknown.
As will be shown in the experimental part of this disclosure,
the APC-cofactor 2 activity has not been found for Factor Va
in the APC-resistance test used.

[0025] Thus, the APC-cofactor 2 activity is preferentially
expressed by the intact Factor V molecule, probably the
large fragments cleaved off during activation thereof to
Factor Va contributing to a major part of said activity.
However, the possibility that the activity is associated with
a molecular entity which forms a highly stable complex with
Factor V, and which is not split under the purification
procedures used to isolate the Factor V having APC-cofactor
2 activity, cannot be ruled out entirely. Accordingly, in
connection with the present invention, the expressions “Fac-
tor V” and “Factor V having APC-cofactor 2 activity” and
the like are intended also to encompass a Factor V complex
and also fragments of Factor V, preferably other than the
fragments originating from thrombin cleavage of Factor V,
having the said activity. Modified Factor V with retained
APC-cofactor activity may also be obtained through pro-
teolytic cleavage by other enzymes of human or non-human
origin such as snake venom enzymes and other proteases.
Furthermore, the APC-cofactor 2 activity was found to
remain after partial proteolysis by an unknown enzyme
during the purification thereof, indicating a potential exist-
ence of APC-cofactor 2 active Factor V fragments. The
expressions APC-cofactor 2 as well as Factor V having
anticoagulant activity include fragments and subunits of
Factor V/Va expressing the activity or an immunologic
determinant related to a region associated with the said
activity. Although, for the sake of convenience, coagulation
factors and the like are not described by species of origin
throughout this description, such factors are preferably of
human origin unless otherwise specified.

[0026] In the experimental part of this disclosure, the
procedures used for purification and characterization of the
present novel APC-cofactor 2 activity are described, and its
connection with Factor V is verified.

[0027] In summary, the evidence for the presence of the
APC-cofactor 2 activity of Factor V is:

[0028] 1. The procedure designed for the isolation of
APC-cofactor 2 activity and earlier methods for the
isolation of Factor V are very similar. On SDS-PAGE,
three bands appear at approximately 200-220 kDa (C-ter-
minal portion), 140-160 kDa (N-terminal portion) and
330 kDa, which is very similar to what has been previ-
ously reported for Factor V. (Compare the Examples
below and Dahlbéck et al., J. Clin. Invest. 66 (1980)
583-91.) The intensity of the band at 330 kDa is enhanced
for both APC-cofactor 2 activity and Factor V when
higher concentrations of protease inhibitors are used
during the purification procedure. For instance, a benza-
midine hydrochloride concentration of 10 mM gives rise
to a significant band at 330 kDa.

[0029] 2. Specific polyclonal antiserum against human
Factor V (Dakopatt A/S, Denmark) reacts with each of the
three bands associated with APC-cofactor 2 activity in
Western blotting.

[0030] 3. After addition of thrombin to the preparations
comprising APC-cofactor 2 activity, the three bands dis-
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appear and the products obtained become indistinguish-
able from the products formed by thrombin activation of
Factor V.

[0031] 4. Seventeen monoclonal antibodies reacting with
Factor V have been obtained by using a preparation
purified in respect of APC-cofactor 2 activity as immu-
nogen. Two of the monoclonal antibodies partially inhib-
ited APC-cofactor 2 activity without inhibiting Factor V
procoagulant activity.

[0032] 5. Factor V procoagulant activity and APC-cofac-
tor 2 activity are coeluted on every chromatographic
material tested: Heparin Sepharose, Blue-Sepharose,
Wheat Germ Lectin Sepharose, Q-Sepharose and
S-Sepharose (Pharmacia, Sweden).

[0033] 6. Both Factor V procoagulant activity and APC-
cofactor 2 activity are retained on a matrix carrying
polyclonal antibodies against human Factor V (Dakopatts
A/S, Denmark).

[0034] 7. Both Factor V procoagulant activity and APC-
cofactor 2 activity are retained on matrices, such as
Sepharose and Affigel, carrying antisera against different
fragments of bovine Factor V, which cross-react with
human Factor V.

[0035] 8. Both Factor V procoagulant activity and APC-
cofactor 2 activity are retained and coeluted on a chro-
matographic support, such as Affigel, carrying a high
affinity monoclonal antibody, which had been prepared by
using a preparation purified in respect of APC-cofactor 2
activity as immunogen. In itself, this antibody inhibited
neither APC-cofactor 2 activity nor Factor V procoagulant
activity. Elution was performed at a pH of approximately
10.5-11.

[0036] 9. A recent publication disclosing that autoantibod-
ies against Factor V may result in thrombosis (Kapur et
al., A. J. Hematol. 42 (1993) 384-388).

[0037] Preparations enriched in APC-cofactor 2 activity
have been obtained by the same methods as have been used
previously for the isolation of Factor V. It has been found
that divalent metal ions, such as calcium ions, have a
stabilizing effect on the APC-cofactor 2 activity and, hence,
calcium ions were added during the purification.

[0038] Essentially the same purification procedure was
used in an attempt to elucidate the novel activity as was
disclosed in the above mentioned WO 93/10261. According
to the results presented herein, the novel activity has been
identified as a cofactor activity to APC expressed as a novel
property of Factor V, or, possibly, a complex or fragments
thereof as discussed above. Thus, alternative and simpler
preparation methods will become available. Current meth-
ods, such as gel chromatography, affinity chromatography
with e.g., anti-APC-cofactor 2 activity antibody, as affinity
ligand, and ion exchange chromatography, etc., have been
used, suitably after improvement to purify the novel activity
described herein. In addition, methods based on DNA-
recombinant technique may be applicable.

[0039] Accordingly, the present invention is also related to
a preparation derived from blood or blood related products,
such as plasma, said preparation being purified in respect of
a blood coagulation component, which can express antico-
agulant activity as a cofactor to APC thereby enhancing
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APC’s proteolytic activity, directed against Factor V, and
Factor VIII,, said blood coagulation component being com-
prised of Factor V or, optionally, a stable complex of Factor
V and a molecular entity, which can express said activity.

[0040] The normal plasma level of Factor V is approxi-
mately 10-20 pg/ml. By analogy to other blood coagulation/
anticoagulation factors, the APC-cofactor 2 activity in 1 ml
normal plasma is arbitrarily designated 1 unit (U).

[0041] The present invention is also concerned with anti-
bodies and antibody preparations specific for a region of
Factor V that is associated with APC-cofactor 2 activity, i.e.,
a region in which there is a site carrying an epitope either
causing APC-cofactor 2 activity or APC-cofactor 2 inactiv-
ity. Such antibody preparations may be polyclonal, or pref-
erably, monoclonal. Preferably, the antibodies of such prepa-
rations bind specifically to one or more Factor V sites
associated with APCcofactor 2 activity. Alternatively, such a
site could comprise an epitope involved in APC-cofactor 2
inactivity of Factor V and, thus, in APC-resistance. In
connection with this invention the expression “epitope
involved in APC-cofactor 2 inactivity” is meant to include
an epitope related to decrease or loss of APCcofactor 2
activity.

[0042] Polyclonal antibodies can be obtained in accor-
dance with known methods comprising immunization of a
suitable animal, such as a mouse, rat, rabbit, dog, horse,
sheep, goat, bird (e.g., hen, chicken, etc.), with a proper
immunogen and recovery of the present antibodies from an
appropriate fluid derived from said animal, e.g., from blood
or serum in the case of mammals, or from eggs, when birds
are immunized.

[0043] Preferably, the present antibodies are monoclonal
antibodies which may be obtained by conventional methods,
e.g., essentially as disclosed by Kéhler, G. and Milstein, C.,
Nature 256, 495 (1975). Generally, a method to prepare
monoclonal antibodies of the present invention includes
immunizing a mammal, preferably a mouse, with a proper
immunogen, producing hybrid cells by fusion of lympho-
cytes, such as splenic cells, from the immunized mammal
with myeloma cells, selecting fused cells in a suitable
medium, screening antibody-producing cells, cloning anti-
body-producing cells, i.e., hybridoma, and producing mono-
clonal antibodies in ascitic fluid of mice or, optionally, in a
culture medium by propagation of the hybridoma therein.
However, the present monoclonal antibodies, and fragments
thereof binding to antigen, can also be obtained according to
the methods based on recombinant technology, as is well
known in this art. In such methods, suitable host cells of
eucaryotic or procaryotic origin can be used. Such host cells
are well known in this field of the art.

[0044] As immunogen, a purified preparation of Factor V,
or fragments and derivatives thereof comprising the anti-
genic determinants responsible for expression of APC-co-
factor 2 activity, can be used. Such fragments or derivatives
may be conjugated to an immunogenic carrier, usually a
protein, to become antigenic.

[0045] Using human Factor V deficient in APC-cofactor 2
activity (which can be obtained as described below) as the
immunogen combined with a two-step screening procedure
for selecting hybridomas producing monoclonal antibodies
reactive with the immunogen but not with normal intact
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human Factor V, monoclonal antibodies reacting specifically
with a human APC-cofactor 2 inactivity epitope, i.e., an
epitope related to decrease or loss of APC-cofactor 2 activ-
ity, may potentially be obtained.

[0046] A preferred embodiment of the present invention is
related to monoclonal antibodies that bind to and also inhibit
APC-cofactor 2 activity of Factor V, at least in part. The
present invention is also related to derivatives and fragments
of such monoclonal antibodies, which are able to bind to
antigens.

[0047] According to the present invention, monoclonal
antibodies produced by mouse/mouse hybridoma are pre-
ferred, since these are simple to obtain. Illustrative of such
monoclonal antibodies are those antibodies produced by a
novel hybrid cell line deposited on Dec. 8, 1993 in the PHLS
Centre for Applied Microbiology & Research, European
Collection of Animal Cell Culture, Salisbury, Great Britain
with the provisional accession number XAM-4-5-1
93120846. In connection with the present invention, mono-
clonal antibodies produced by this hybridoma are designated
M4 (Master 4).

[0048] If not otherwise specified, the terms “antibody” or
“antibody preparation” encompass the intact antibody with
its two heavy and two light chains as well as different forms
of derivatized antibodies containing the variable domains
(F,), e.g., fragments such as Fab, Fab', F(ab'),; single chain
antibodies; labelled antibodies, such as radiolabelled, fluo-
rescent or enzyme-coupled antibodies; and antibodies bound
to solid phases, etc.

[0049] A further embodiment of the present invention is
concerned with antibody preparations, which comprise a
definite number of monoclonal antibodies of the above-
mentioned specificity, such as 1, 2, 3, 4, 5 or more different
monoclonal antibodies. Such preparations may also be poly-
clonal. Polyclonal and monoclonal antibody preparations
directed specifically against epitopes uniquely present in a
site associated with APC-cofactor 2 activity are potentially
useful in immunoassays for specifically determining the
presence or absence of APC-cofactor 2 activity in a sample
(quantitatively and qualitatively).

[0050] The present invention is also related to hybridomas
that produce the monoclonal antibodies of the present inven-
tion, and preferably to the above mentioned hybridoma
having the provisional accession number XAM-4-5-1
93120846.

[0051] Although polyclonal and monoclonal antibodies
specific for Factor V, which can be used to purify Factor V,
are previously known, monoclonal antibodies deliberately
raised against a region of Factor V associated with APC-
cofactor 2 activity have not been disclosed before.

[0052] The antibody preparations (monoclonal as well as
polyclonal) of the present invention may, in most cases, be
used in purification procedures based on affinity chroma-
tography in which antibodies of this invention are attached
to a solid carrier and used to selectively bind Factor V
present, e.g., in a plasma preparation. Subsequently, Factor
V bound to the solid carrier is eluted and collected.

[0053] The preferred monoclonal antibodies of this inven-
tion that bind to Factor V and inhibit, at least in part,
APC-cofactor 2 activity of Factor V, can be used to inhibit
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said activity of Factor V. Such monoclonal antibodies may,
like the previously known anti-Factor V antibodies, also be
used to obtain plasma preparations deficient in APC-cofactor
2 activity.

[0054] Important aspects of the present invention are
concerned with therapeutic methods, medicaments and phar-
maceutical preparations, for which the knowledge of the
novel anticoagulant activity of Factor V, i.e., APC-cofactor
2 activity, is used.

[0055] Accordingly, the present invention is also related to
the use of Factor V, subunits or fragments thereof having
anticoagulant activity as cofactor to APC for the manufac-
ture of a medicament or pharmaceutical preparation
intended for enhancing or restoring anticoagulant activity of
APC in vivo. Specifically, such preparations are intended for
treatment of patients suffering from, or predisposed to,
vascular diseases, such as thromboembolic disorders includ-
ing thrombosis and disseminated intravascular coagulation
(DIC).

[0056] Such a medicament or pharmaceutical preparation
may be comprised of a highly purified preparation of Factor
V, which can be stored at low temperatures, such as -70° C.

[0057] The present preparations may also be used in
connection with other conditions or situations in which an
individual would benefit from a corrected or enhanced blood
anticoagulant activity, for instance, in various clinical situ-
ations that are associated with increased risks for arterial and
venous thrombosis.

[0058] Moreover, since the present APC-cofactor 2 activ-
ity is crucial for the effect of APC, this activity may be used
by itself or in combination with Protein C/APC and/or
Protein S. Clinical situations where this may prove to be
important include patients being deficient in APC-cofactor 2
activity, in particular in situations increasing the risks for
thrombosis. In addition, supplemental APC-cofactor 2 activ-
ity may be beneficial in connection with myocardial infarc-
tion, after thrombolytic therapy, in the post-operative period,
in particular in high-risk patients, as an adjuvant to patients
treated for thrombosis, in patients undergoing microsurgery,
etc.

[0059] The administration route for APC-cofactor 2 activ-
ity is that normally applied for therapy with blood coagu-
lation/anticoagulation factors, such as intravenous or intra-
arterial injection or infusion. As has been suggested for other
blood factors, oral administration can not be excluded. The
amount to be administered shall be effective in the sense
that, at least for a period of time, it fully or partially restores
the effect of the patient’s own activated Protein C or the
effect of co-adminstered Protein C/activated Protein C, with
the understanding that even smaller effects may be beneficial
to a patient at risk of thrombosis. An amount in the range of
1-100, possibly 40-70, mg/day, can be assumed to be useful.
Repeated administration is preferred, because Factor V
expressing APC-cofactor 2 activity is metabolized in the
mammalian body.

[0060] The different types of pharmaceutical compositions
applicable are the same as in use for other blood coagulation/
anticoagulation factors, but adapted to the specific stability
requirements that are necessary for Factor V having APC-
cofactor 2 activity. For instance lyophilized or spray dried
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powders, optionally diluted with appropriate vehicles, as
well as sterile or aseptically produced aqueous solutions can
be used.

[0061] A further aspect of the present invention is related
to the use of Protein C/activated Protein C and/or Protein S
for the manufacture of a pharmaceutical composition for the
treatment of disorders related to deficiency in APC-cofactor
2 activity. The same types of compositions as intended for
the prior art therapeutic use of Protein C and Protein S are
applicable.

[0062] Another aspect of the present invention is related to
a Factor V preparation deficient in APC-cofactor 2 activity
and is preferably derived from humans. A potential thera-
peutic use thereof is in cases where an increase in Factor V,
activity over APC-cofactor 2 activity is beneficial to a
patient.

[0063] The above-mentioned therapeutic methods and
preparations are intended for mammals, particularly
humans.

[0064] The novel anticoagulant cofactor activity accord-
ing to the present invention can be used to develop methods
for diagnosing such blood coagulation/anticoagulation dis-
orders that are related to the functional activity of APC, and
also to develop methods for monitoring and/or measuring
functional activities of components involved in the blood
coagulation/anticoagulation system, that directly or indi-
rectly depend on the functional activity of APC.

[0065] Accordingly, a suitable embodiment of the present
invention is related to a method for diagnosing a blood
coagulation/anticoagulation disorder, preferably a throm-
boembolic disorder, or determining predisposition therefor,
in an individual, preferably a mammal, such as a human
being, said method comprising determining in a sample,
preferably a blood or blood derived sample, such as plasma,
derived from said individual, the level of a blood component
expressing anticoagulant activity, said blood component
comprising Factor V, wherein the level of its anticoagulant
activity as a cofactor to APC is determined, an abnormal,
preferably a decreased, level indicating manifestation of or
predisposition to said disorder in particular for a decreased
level said disorder being a thromboembolic disorder.

[0066] Suitable embodiments of the above method are
related to assaying the appropriate sample from an indi-
vidual for Protein C/APC, Protein S or APC cofactor 2
activity, and relating an observed abnormal level, preferably
a lowered level, to a diagnosis that the individual has a blood
coagulation disorder related to the assayed factor (i.e., to
activated protein C/Protein C, Protein S, or Factor V in its
capacity as APC-cofactor 2), which defect may be an
underlying cause for a thromboembolic disorder, or predis-
pose to said disorder.

[0067] Inthe above methods, the level of the anticoagulant
APC-cofactor 2 activity is preferably measured in accor-
dance with methods developed according to the present
invention for assaying functional APC-cofactor 2 activity
that are described below. Immuno-based activity assays and
non-functional assays specific for Factor V carrying struc-
tural elements associated with its APC-cofactor 2 activity
can also be used.

[0068] Thus, further aspects of the present invention are
related to functional assays for activated Protein C/Protein
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C, Protein S, and Factor V expressing APC-cofactor 2
activity and also to immune assays, nucleic hybridization
assays, and DNA and RNA sequencing methods for Factor
V expressing APC-cofactor 2 activity.

[0069] These assays, as such, may have other uses than as
diagnostics. For instance, the disclosed assays may be useful
in monitoring purification procedures of components in the
APC-cofactor system, and standardising control plasmas,
etc.

A. Functional Assays of APC Protein C, APC-Cofactor 2
Activity and Protein S.

[0070] These assays utilize similar protocols as described
earlier (Bertina et al., Res. Clin. Lab. 20 (1990) 127-138;
Wolf et al., Thromb. Haemost. 62 (1989) 1144-1145; WO
91/02812; WO 91/01382; WO 93/10261; Dahlbéack et al.,
Thromb. Haemost. 65, Abstract 39, (1991) 658).). The
method disclosed in the US designation of WO 93/10261
(U.S. Ser. No. 199,328, issued on Aug. 25, 1995 as U.S. Pat.
No. 5,443,960), which has been incorporated by reference,
comprises the following steps:

[0071] (i) a plasma sample obtained from the individual is
incubated with

[0072] (a) an exogenous Reagent (I) activating at least
partially the blood coagulation system of the sample,
and with

[0073] (b) activated exogenous Protein C (APC) or
exogenous PC together with exogenous Reagents (II)
that transform PC to APC, and

[0074] (c) further components, such as Ca* salt and
phospholipid or tissue thromboplastin, that are neces-
sary for efficient reaction of the activated factors intro-
duced according to step (i:a), and

[0075] (d) if desired, an exogenous substrate for an
enzyme which activity is influenced by activated Pro-
tein C;

[0076] (ii) a substrate conversion rate is monitored directly
for a blood coagulation enzyme which activity is influ-
enced by activated Protein C,

[0077] (iii) the conversion rate determined in step (ii) is
compared with a standard value being obtained from steps
(1)-(i1) under identical conditions for plasma of normal
individuals.

[0078] As taught in U.S. Pat. No. 5,443,960, in cases
where the substrate conversion rate is not normal compared
to the standard, the individual from which the sample
derives is classified as suffering from the disorder or being
at risk for acquiring the disorder. An increased conversion
rate of the sample indicates a thromboembolic disease or a
risk for such a disease (with fibrinogen as the substrate an
increased conversion rate means a shortened clotting time).
The significance of a lowered conversion rate is at the
present stage not known (with fibrinogen as the substrate a
lowered conversion rate means a prolonged clotting time).
Probably it is not related to any disease. The range of the
normal conversion rate may be quite broad. Hence, it might,
as a complement, be of value to run steps (i)-(ii) on a plasma
sample from the individual with exclusion of the incubation
according to (i:b) and compare the result obtained with that
obtained.
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[0079] In accordance with the present invention, a com-
ponent in the system of APC, Protein S and Factor V, the
latter in its capacity as APC-cofactor 2, is assayed from the
conversion of the appropriate APC substrate by APC. Nor-
mal APC substrates are Factors V, and/or VIII, one or both
of which preferably are added to the assay medium as
enriched, or highly purified preparations, including prepa-
rations by recombinant technology, of unactivated (Factor V,
Factor VIII) or activated proteins. Within a series of samples
that are to be compared, the assay media have essentially the
same levels of:

[0080] (a) at least one of Factor V having APC-cofactor 2
activity or an inhibitor that blocks the same sample derived
activity, and Protein S or an inhibitor that blocks sample
derived Protein S activity, when APC or Protein C is to be
assayed;

[0081] (b) at least one of Protein S or an inhibitor that
blocks sample derived Protein S activity, and APC, when
APC-cofactor 2 activity is to be assayed; and

[0082] (c) at least one of Factor V providing APC-cofactor
2 activity or an inhibitor that blocks the same sample derived
activity, and APC, when Protein S is to be assayed.

[0083] Accordingly, the final assay media for a series of
samples which are to be compared contain sample and
substrate for APC, and optionally one or two, preferably
two, substances that do not derive from the sample and that
are selected from APC, Protein S or an inhibitor to Protein
S, and Factor V having APC-cofactor 2 activity or an
inhibitor to this activity, with the proviso that one of the
remaining substances is the entity to be assayed (i.e., APC,
Protein C, Protein S or APC-cofactor 2 activity ).

[0084] The present method may comprise a) incubating in
one or more steps in an aqueous assay medium, the sample
and a substrate for APC, said substrate being inherently
present in the sample or added to the assay medium, and
optionally further blood coagulation components inherently
present in the sample or added to the assay medium, b)
measuring the conversion of the substrate caused by APC
during the incubation according to a), and c) correlating the
measured value in a known manner to the activity to be
determined. In this method, optionally, one or two, prefer-
ably two, substances selected from APC, Protein S or a
Protein S inhibitor, and Factor V having anticoagulant
activity or an inhibitor to said activity are added to the assay
medium of a), with the proviso that one of the remaining
substances (i.e., APC, Protein S or APC-cofactor 2) is
present in the sample and is the component, the functional
activity of which is to be determined (e.g., for Factor V, the
activity being anticoagulant activity as cofactor to APC).

[0085] Illustrative of other components that may be
present are coagulation enzymes and other blood factors
enabling the measurement of the degradation of Factors V,
and/or VIII,. These other factors may be added separately or
may be present already in the sample. In case the sample
contains Protein C, and APC is to be assayed, an activator
for Protein C must be added. In case the sample contains
varying levels of coagulation factors (other than the one to
be assayed) interfering with the assay reactions, one should
secure excess of them (i.e., essentially constant levels in the
assay media) in order to avoid inter-sample variations in the
test results. For plasma samples, constant levels may be
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accomplished by adding, in excess, normal plasma deficient
in the entity to be assayed. The components to be added may
also be in enriched or highly purified forms. It can be
envisaged that addition of Factor VIII/VIl, and/or forms of
Factor V not expressing the APC-cofactor activity is suit-
able. Examples of forms that lack APC-cofactor activity are
human Factor V deficient of the activity, Factor V from a
species not normally expressing the activity (for instance
bovine Factor V, and Factor V fragments expressing Factor
V activity but not APC-cofactor 2 activity).

[0086] The addition of Protein S in the assay medium is
done in order to avoid variations in the measured level
caused by intersample variations in Protein S, when APC-
cofactor 2 activity or Protein C is to be measured. When
Protein S is to be measured, APC-cofactor 2 activity may be
added for the same purpose. The purpose of this is to keep
the functional activity level of factors other than the one to
be determined essentially constant in the assay media on an
inter-run basis. As previously indicated, this may be accom-
plished by including into the assay media such factors in
excess, for instance by adding normal plasma in excess,
and/or by including functional excess of inhibitors for such
factors, for example antibodies binding to epitopes respon-
sible for the activity of such factors. Thus, a monoclonal
antibody specific to the epitopes responsible for the APC-
cofactor activity of Protein S has been successfully included
(HPS 54, Dahlbéck et al., J. Biol. Chem. 265 (1990) 8127-
8235) in assay media for assaying APC-cofactor 2 activity.
Similarly, functional inhibitors for APC-cofactor 2 activity,
like the above-mentioned monoclonal antibodies, may
potentially be included in assay media when Protein S is to
be assayed.

[0087] According to the present invention the functional
assays are suitably performed in presence of added Factor
VIII/VIIIL,.

[0088] The principles for the order of mixing, components
to be added and the different measuring principles are
well-known in the field. See the above-mentioned citations.
Thus, APC activity may be followed by addition of sub-
strates such as fibrinogen (clotting assays) and chromogenic
substrates for coagulation enzymes, the activity of which are
influenced by APC activity. Suitable chromogenic, fluoro-
genic and luminogenic substrates are thus thrombin and
Factor X, substrates.

[0089] The sample is normally plasma from an individual/
patient, or the sample may be Factor V having APC-cofactor
2 activity, Protein C (APC) or Protein S, all of these derived
from a manufacturing process, or standards to be used in the
assay.

[0090] Native Factor V (abbreviated FV) produced
through recombinant technology (rFV) may be used instead
of FV purified from plasma as an adduct in diagnostic
methods for Protein C/APC or Protein S, as a standard or
control in assays for FV anticoagulant activity, or as a
therapeutic agent for administration to patients partially or
completely deficient in APC-cofactor 2 activity. Alterna-
tively, recombinant variants or fragments of FV with modi-
fied expressions of procoagulant or anticoagulant activity
may be utilized for the same purposes and also as adducts in
methods for FV anticoagulant activity. Such modifications
may be generated through mutations of the thrombin or APC
cleavage sites in FV. In the former case the procoagulant
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activity, and in the latter case the anticoagulant activity of
FV, is partially or completely lost. Furthermore, such spe-
cies, or suitable immunogenic peptide fragments thereof,
may be used for preparation of monoclonal antibodies for
diagnostic or therapeutic use.

[0091] In assays for APC-cofactor 2 activity utilizing
Factors V, and/or VIII, as the APC substrate and factors
from the sample to measure APC substrate conversion, the
sensitivity towards APC activity is considerably increased in
plasmas from patients on treatment with vitamin K antago-
nists, resulting in an enhanced prolongation of clotting time
in certain clotting assays, especially APTT tests. The
increased sensitivity towards APC activity may be explained
by the lowered levels of vitamin K-dependent proteins such
as Factors IX, X and II. Since APC-cofactor 2 activity is not
vitamin K-dependent, it may therefore become possible to
measure this activity in plasmas from such patients by
exogenous addition to the assay medium of certain vitamin
K-dependent protein(s), such as at least one of Factors IX,
IX,, X and II, optionally combined with Protein S. These
proteins may be added in the form of heavy metal salt eluate,
such as a barium citrate eluate (Dahlbédck, Biochem. J. 209
(1983) 837-46) or aluminium hydroxide eluate (Bertina et
al., Thromb. Haemost. 51 (1984) 1-5) or as purified com-
ponents before measuring the APC substrate conversion. If
the plasma contains heparin (standard or of low molecular
weight) it is suitable to neutralize this effect by adding
excess of heparin, or by adding polybrene or Protamine, or
the like, as heparin inhibitors to reduce interference with the
assay results.

[0092] As stated above, the present methods for determin-
ing functional activities of PC/APC, Protein S, or Factor V
anticoagulant activity are similar to methods described ear-
lier, e.g., in the cited references, the disclosure of which is
included herein by reference. Thus, a detailed description of
these methods should not be required. In principle, however,
such methods are based on measurement of conversion of a
substrate, the rate of which can be directly or indirectly
determined and related to the substance to be assayed, e.g.,
based on coagulation or chromogenic assays, suitably in
presence of further components necessary to detect the
conversion rate, which are inherently present in, or added to,
the sample.

[0093] Such components may comprise a reagent that
serves to introduce an activated coagulation factor that can
be used for determination of the substrate conversion rate.
This reagent leads to the presence of at least Factor IX, and
may comprise a certain coagulation factor or a reagent that
activates the system via the intrinsic or extrinsic pathway.
Accordingly, this reagent may be Factor IX, or Factor X1,
(intrinsic pathway), Factor XII, (intrinsic pathway), kal-
likrein (intrinsic pathway), a contact activator (intrinsic
pathway) such as kaolin, celite or ellagic acid (intrinsic
pathway), an APTT reagent (Activated Partial Thromboplas-
tin Time; i.e., a reagent containing a phospholipid and a
contact activator (intrinsic pathway)), tissue thromboplastin
(PT-reagent, PT=Prothrombin time (extrinsic pathway)), tis-
sue factor, Factor VII, and Factor X .

[0094] Other components that can be added, depend on the
mode employed and may necessitate the inclusion of plasma
protease inhibitors for enzymes other than the monitored one
or the inclusion of a fibrin polymerization inhibitor. Ca®*
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may be in the form of a plasma soluble salt that provides the
Ca** ion in free uncomplexed form, i.e., strong Ca®* ion in
free uncomplexed form. Such additional components suit-
ably also include Factor VIII/VIII, and Factor V/V,.

[0095] The substrate for which the conversion rate is
determined may comprise a synthetic substrate for an
enzyme, the activity of which is influenced by activated
Protein C, for example thrombin (Factor II,) and Factor X, .
Suitable synthetic substrates are water soluble and prefer-
ably have an oligopeptide structure with three, four or five
amino acid residues and an amino terminus that is protected
from being attacked by amino peptidases. The protection is
accomplished either by a protecting group or by having a
D-amino acid at the amino terminus. In order to give a
detectable response, the carboxy terminus of a synthetic
substrate is amidated with a group that specifically can be
released and detected upon action of the relevant blood
coagulation protease. The group to be released is selected
among chromogenic, fluorogenic or chemiluminogenic
groups and other analytically detectable groups. See further
H. C. Hemker, “Handbook of Synthetic Substrates for the
Coagulation and Fibrinolytic System”, Martinus Nijhoff
Publishers, 1983, and J. Fareed et al., “Synthetic Peptide
Substrates in Hemostatic Testing” in CRC Critical Reviews
in Clinical Laboratory Sciencies Vol 19, Issue 2, 71-134
(1983). In the case of samples other than plasma samples,
exogenous fibrinogen may be added as substrate.

[0096] Inorderto accomplish a specific result with respect
to the substance to be determined, in some cases one should
try to keep the plasma sample content of the final assay
medium as high as possible. Accordingly, a plasma sample
content in tests having good specificity could be >10%, in
particular >20% or >35% (v/v). In other cases, however, an
essentially lower content, that is, below 10% (v/v), can be
used.

B. Immune Assays for APC-Cofactor 2 Activity.

[0097] The antibody preparation of the invention will
enable immune assays of APC-cofactor 2 activity, wherein
anti-APC-cofactor 2 antibody is allowed to form an immune
complex with Factor V having APC-cofactor 2 activity in the
sample in an amount that is a qualitative or quantitative
measure of the APC-cofactor 2 activity level in the sample.
The samples may be the same as for functional assays. The
present invention is also concerned with reagents for use in
assays described herein.

[0098] Purified preparations comprising Factor V express-
ing the APC-cofactor 2 activity, which has been purified
from plasma or prepared by recombinant technology, Pro-
tein C preparations, optionally in an activated form or
combined with a Protein C activator, and Protein S prepa-
rations, which contain defined amounts of their respective
factor may be used as a reagent, a standard or a control in
the above-mentioned assays. The Protein C preparation may
be combined with at least one vitamin K dependent coagu-
lation factor selected from Factors IX, X and II, and option-
ally combined with Protein S. Products and preparations for
therapeutic use may also be obtained by recombinant tech-
nology. Furthermore, the present monoclonal antibodies
may be obtained by recombinant technology, and essentially
PCR-technology, which is well known, may be used to
obtain such antibodies having desired specifity.

[0099] There are indications that information may be
obtained about various Factor V mutations based on inter-
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actions between Factor V anticoagulant activity and Protein
S. Methods may be designed to obtain such information in
the presence or absence of a suitable antibody. Such methods
in the presence of antibody may be used as a quantitative
method for an analyte, such as Factor V anticoagulation
activity and Protein S.

C. Hybridization Assays.

[0100] Recent results have shown in a conventional DNA-
linkage study of a large family with inherited APC resistance
that there is a strong linkage between a neutral polymor-
phism in the Factor V gene and expression of APC-resis-
tance. This strongly suggests that a mutation in the Factor V
gene is the cause for APC-resistance. This is conclusive
evidence that nucleic acid hybridisation assays, as well as
nucleic acid sequencing can be used in conventional ways in
order to detect individuals at risk for thrombotic events due
to a low level of APC-cofactor 2 activity. Thus, these types
of assays may be used for checking, in an individual, the
abnormal presence or absence of one or more nucleic acid
fragment(s) and/or sequence(s) unique for the presence or
absence of expression of a Factor V molecule either carrying
APC-cofactor 2 activity or being deficient in this activity.
The protocols and conditions are the same as normally
applied for other genes, except for now using reagents
specific for the Factor V gene and, optionally, mutation(s)
associated with APC-resistance or specific for a normal
Factor V gene. Any cell sample from the individual may be
appropriate.

[0101] Furthermore, the present invention is concerned
with Factor V, suitably human Factor V, capable of becom-
ing activated to exert Factor V_ procoagulant activity but not
capable of exerting anticoagulant activity, preferentially not
anticoagulant activity as a cofactor to APC, said factor being
in a substantially pure form.

[0102] Another aspect of the invention is related to Factor
V, suitably human Factor V, capable of exerting anticoagu-
lant activity, preferentially as a cofactor to APC, but not
capable of expressing procoagulant activity of Factor V.

[0103] Such Factors can be purified from plasma with
methods similar to normal Factor V, or prepared by recom-
binant technology. Possible applications are in standards and
as supplementing reagents, and for therapeutic use.

EXAMPLES

Assay for APC-Cofactor 2 Activity:

[0104] A modification of the recently described APC-
APTT method (PCT/SE/9200781; and Dahlbéck et al., Proc.
Natl. Acad. Sci. USA, 90 (1993) 1004-1008) was developed
to measure APC-cofactor 2 activity during its purification.
The method used plasma from an individual which had an
inherited poor response to APC and fractions obtained from
normal plasma which were tested for their ability to nor-
malize the poor APC response. The assay which will be
referred to as APC-cofactor 2 activity assay was performed
as follows: 50 pl plasma demonstrating a poor response to
APC (referred to as APC-resistant plasma) was incubated
with 50 pl of the test fraction and 50 pl of an activated
thromboplastin time (APTT) reagent (APTT-automated
Organon Technica (USA)) for 5 minutes at 37° C. before
coagulation was initiated by the addition of 5 pl of an
APC-CaCl, mixture (if not indicated otherwise, 20 nM
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human APC in 10 mM Tris-HCI, 0.05 M NaCl, 30 mM
CaCl,, pH 7.5, containing 0.1% bovine serum albumin
(BSA)), and the coagulation time was measured. The pres-
ence of APC-cofactor 2 activity in a test sample is associated
with an increase in clotting time.

[0105] Each example was also analyzed in parallel without
the addition of APC to the CaCl, solution and the APC-
dependent prolongation of clotting time was calculated. To
construct a dose-response curve for APC-cofactor 2 activity,
the plasma deficient in APC-cofactor 2 activity was mixed
with control plasma and used as test-plasma in the APC-
APTT method. The anti-coagulant response of APC was
related to the percentage of control plasma and the curve had
an exponential shape. As it was unknown whether the
plasma deficient in APC-cofactor 2 activity was completely
devoid of Factor V expressing APC-cofactor 2 activity, the
assay only provided a semi-quantitation of the cofactor in
different fractions. However, the assay served the purpose of
providing a means to follow the APC-cofactor 2 activity
during its purification.

[0106] A Factor V clotting assay was performed using
Factor V-deficient plasma as described previously (J. Clin.
Invest. 66, 583-591 (1980)). The presence of Factor V
activity resulted in a shortening of clotting time of the
deficient plasma. In both the APC-cofactor 2 activity assay
and Factor V clotting assay the original clotting data have
been shown rather than the results converted into units.

[0107] Electrophoretic Immunological and Other Meth-
ods: Gradient (5-15%) polyacrylamide slab gel electro-
phoresis in the presence of sodium dodecyl sulfate (SDS-
PAGE) and Western blotting were performed using
techniques previously described (J. Biol. Chem. 261, 9495-
9501 (1986)). A specific rabbit polyclonal antiserum against
Factor V was the kind gift of Dakopatts A/S. Data demon-
strating the specificity of the antiserum have been reported
previously (Blood 68, 244-249 (1986)). Rabbit polyclonal
antibodies were raised against the isolated heavy and light
chain fragments of bovine Factor V (J. Biol. Chem. 261,
9495-9501 (1986)). Monoclonal antibodies were raised
using standard methods, as previously described in detail (J.
Biol. Chem. 265, 8127-8135 (1990)). The purified protein in
the S-300 pool was used as antigen in the immunization of
Balb/c mice. Seventeen different antibodies were obtained
and their reactivities tested with Western blotting. Approxi-
mately 20 mg of an antibody designated Master 30 was
coupled to 4 ml Affigel 10 (Biorad) in accordance with the
manufacturer’s instructions. IgG-fractions of the polyclonal
antisera against human Factor V and the bovine Factor V
fragments were also coupled to Affigel (approximately 5
mg/ml).

Purification of APC-Cofactor 2 Activity:

[0108] All manipulations of samples were performed on
an ice bath; chromatographies and centrifugations were run
in the cold room, suitably at 4° C. Blood-collection: Human
freshly frozen (-70° C.) citrated plasma was obtained from
the local blood bank. The frozen plasma (2.3 L) was thawed
at 37° C. and the following protease inhibitors were added:
phenylmethanesulfonyl fluoride (PMSF) (1 mM), diisopro-
pylfluorophosphate (DFP) (1 mM), soy bean trypsin inhibi-
tor (50 mg/L), Trasylol (aprotinin) (1.5 mg/L. which is equal
to 10 units/ml), and benzamidine (10 mM). The plasma (kept
on an ice-bath) was subjected to barium-citrate adsorption as
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previously described (Dahlbédck, Biochem. J. 209 (1983)
837-846) and the barium-adsorbed plasma was subjected to
fractionated polyethylene glycol precipitation (PEG 6000)
(8% w/v) by the addition of solid PEG. The APC-cofactor
activity was recovered in the 8% PEG supernatant. The 8%
PEG supernatant was diluted with an equal volume of 10
mM benzamidine and then mixed with Q-Sepharose (Phar-
macia LKB Biotechnology, Uppsala, Sweden) and equili-
brated in 20 mM Tris-HCI, 0.1 M NaCl, 1 mM CaCl,, pH
7.5, comprising 10 mM benzamidine. After 1 hr of gentle
mixing, the gel was collected in a Buichner funnel and
washed with A, 3 L equilibration buffer, B, 1 L equilibration
buffer with 0.1% Tween 20 and C, 2 L equilibration buffer
containing 0.15 M NaCl instead of 0.1 M NaCl. The gel was
then packed in a column (5 cm diameter) and the adsorbed
proteins were eluted with a linear gradient of NaCl (0.15-0.5
M NaCl in 20 mM Tris-HCI, 1 mM CaCl,, 10 mM benza-
midine, pH 7.5, 1.5 L in each gradient vessel). The flow rate
was 330 ml/h and 11 ml fractions were collected. Fractions
were analyzed for APC-cofactor 2 activity and Factor V
activity in Yio dilutions (FIG. 1).

[0109] Fractions were pooled as indicated by the horizon-
tal bar and subjected to (NH,),SO, precipitation (70%
saturation). The precipitate was collected by centrifugation,
dissolved in a minimal volume of 20 mM Tris-HCI, 0.15 M
NaCl, 1 mM CaCl,, pH 7.5, containing 10 mM benzamidine,
1 mM DFP, and 1 mM PMSF and applied to a column (2.5
cmx93 cm) with Sepharcryl S-300 (Pharmacia, Uppsala,
Sweden) equilibrated in the same buffer but without DFP
and PMSF. The column was run at 10 ml/h and 1.2 ml
fractions were collected. The fractions were analyzed with
APC-cofactor 2 activity assay and Factor V assay at Vio
dilutions (FIG. 1). Fractions were pooled as indicated by the
horizontal bar and stored at —70° C.

Affinity Chromatography Using Monoclonal Antibodies

[0110] The protein obtained as described above from an
S-300 chromatography (in the illustrated run approximately
6 mg in 20 mM Tris-HCI, 0.1 M NaCl, 2 mM CaCl,, pH 7.5)
was applied to a column (0.75 cmx7.5 cm) of Affigel with
immobilized monoclonal antibody designated Master 30, the
column and protein being equilibrated in 20 mM Tris-HCl,
0.1 M NaCl, 2 mM CaCl,, pH 7.5. After washing the column
until absorbance of the eluate reached zero, bound proteins
were eluted with 50 mM diethanolamine, 2 mM CaCl,, pH
10.6. The pH of the eluate was immediately neutralized with
3 M Tris-HC], ph 7.5 (50 pl per 1 ml fraction). The fractions
were analyzed (at ¥5 dilution) with APC-cofactor 2 activity
assay and Factor V clotting assay. Active fractions were
pooled, concentrated by ultrafiltration (YM10 membranes)
and stored at —=70° C. The purified APC-cofactor 2/Factor V
was activated with thrombin as described previously (J.
Clin. Invest. 66, 583-591 (1980)).

Preparation of Monoclonal Antibodies

[0111] The purified protein, i.e., Factor V (APC-cofactor
2), was used as an immunogen for the immunization of
Balb/c mice in accordance with a standard protocol. Splenic
cells from said mouse were fused with cells of the Sp 2/0
Agl4 mouse myeloma cell line and selected in hypoxan-
thine-aminopterin-thymidin DMEM medium as disclosed
by Kohler and Milstein (supra).

[0112] A solid phase enzyme-linked immunosorbent assay
(ELISA) was used to detect antibodies produced against
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Factor V in antisera from the mice as well as to detect
antibody-producing hybrid cells. In those assays, Factor V
(10 pg/ml in standard coating buffer) was coated in wells on
microtiter plates. Antisera from immunized mice and super-
natants of the hybrid cell cultures were added in dilution to
the wells and individual wells were assayed for the presence
of antibodies bound to Factor V with the aid of an enzyme-
labelled secondary antibody by standard methods.

[0113] Hybrid cells from positive wells, i.e., antibody-
producing cells, were cloned by limiting dilution, subcloned
and expanded. After implantation in the abdominal cavity of
pristane pretreated mice, monoclonal antibodies were pro-
duced in ascitic fluid in large amounts.

[0114] Seventeen masters were obtained, all of which
reacted with antigenic determinants on Factor V as shown in
accordance with the Western blot method, the majority of
these monoclonal antibodies (abbreviated Mab’s) being
directed to the same region of Factor V, namely, the activa-
tion fragment comprising the central 150 kDa region of
Factor V.

[0115] One of these Mab’s, designated Master 30, was
used for the affinity purification of Factor V as described
above. The Mab’s described above were tested to determine
their influence on coagulation activity and APC-cofactor 2
activity in plasma.

[0116] Increasing amounts of purified Mab up to 400
ng/ml were added to normal plasma and after incubation
(15-30 minutes), the activity of Factor V was measured with
a conventional Factor V assay based on coagulation analy-
sis, and the response to exogenous APC was determined
according to the following.

[0117] Normal plasma samples comprising varying con-
centrations of Mab (10-400 pg/ml) were incubated with a
commercial APTT reagent. (In the present tests Automated
APTT from Organon was used. Similar results were
obtained with the APTT reagent from COATEST APC
Resistance, Chromogenix AB, Modlndal, Sweden.) After
incubation for 5 minutes at 37° C. either 30 mM CaCl, (in
20 mM Tris-HCl, 50 mM NaCl, pH 7.5 comprising 0.1%
bovine serum albumin (BSA)) or activated Protein C (APC)
(about 2 pg/ml in 30 mM CaCl, dissolved in 20 mM
Tris-HCI, 50 mM NaCl, pH 7.5 comprising 0.1% BSA) was
added and the clotting times were recorded. The APTT assay
was performed essentially as disclosed by Dahlbéck et al.,
PNAS 90 (1993) 1004-1008.

[0118] The presence of these Mab’s either had no effect on
the conventional APTT time, i.e., the clotting time, obtained
for samples comprising added CaCl,, or had only a moderate
effect, with clotting times of 40-45 seconds being observed.
Two of the Mab’s, designated Master 1 and Master 4, were,
however, found to shorten the clotting time for samples, to
which APC in a CaCl, solution had been added, (APC time).

[0119] The following clotting times were obtained:
[0120] APC time in the absence of Mab’s 110-120 seconds

[0121] APC time in the presence of Master 4 80-90
seconds.

[0122] These results indicate an inhibition in part of the
APC-cofactor 2 activity in plasma in the presence of Master
4. This partial inhibition activity of Master 4 was found to
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be dependent on the added amount, maximal inhibition
being obtained when 50-100 pg of Master 4 per ml plasma
were added. Master 4 has been deposited as stated above.

[0123] The results from the above tests are discussed
below with reference to the Figures.

[0124] FIG. 1 illustrates chromatography on Q-Sepharose
(A) and Sephacryl S-300 (B) of factor V and APC-cofactor
2 activity. On both columns, the elution profile of APC-
cofactor 2 activity (upper sections) coincided with that of
Factor V (middle sections). Factor V activity was demon-
strated as a shortening of clotting time of Factor V-deficient
plasma, whereas APC-cofactor activity was associated with
an APC-dependent prolongation of clotting time of APC-
resistant plasma. The fractions were pooled as shown by the
horizontal bars.

[0125] FIG. 2 illustrates the results from characterization
of isolated APC-cofactor 2/Factor V on SDS-PAGE, West-
ern blotting, and agarose gel electrophoresis. The pool from
the S-300 column was analyzed by SDS-PAGE, before and
after incubation with thrombin. The gels were either stained
with Coomassie blue (A) or subjected to Western blotting
using monoclonal antibody (Master 30) (B) or polyclonal
(C) antibodies. Samples applied to the SDS-PAGE were
reduced; approximately 20 pg protein was applied to each
lane in the protein-stained gel, whereas approximately 1 pug
was applied to each of the lanes used for Western blotting.
Lanes with thrombin-cleaved protein are marked T. Posi-
tions of molecular weight markers are given to the left.
Factor V-related polypeptides are marked with arrows,
whereas fragments formed by thrombin (J. Biol. Chem. 257,
6556-6564) are indicated by arrowheads. The 150 kDa
fragment stains poorly with Coomassie, but is readily
observed on Western blotting. Intermittently observed bands
are denoted by asterisks. The S-300 pool was also analyzed
by agarose gel electrophoresis (bottom section). The posi-
tions of albumin (alb), a;, o, B, and 3, bands of a plasma
control are indicated by vertical lines.

[0126] FIG. 3 illustrates copurification of APC-cofactor 2
activity and Factor V on monoclonal antibody affinity chro-
matography. The S-300 pool was applied to monoclonal
antibody (Master 30) affinity chromatography. As the bind-
ing capacity of the column was exceeded, most of the
protein passed through the column. After washing the col-
umn, the bound protein was eluted with high pH (start of
elution indicated by arrow). Fractions were analyzed with
both APC-cofactor 2 activity and Factor V assay. Factor V
activity was associated with a shortening of clotting time of
Factor V-deficient plasma, whereas APC-cofactor activity
gave an APC-dependent prolongation of clotting time of
APC-resistant plasma. The two dashed lines represent clot-
ting times of buffer controls.

[0127] FIG. 4. A-B illustrates correction of APC-resis-
tance by purified APC-cofactor 2/Factor V. Affinity purified
APC-cofactor 2/Factor V (at indicated concentrations in a
volume of 50 ul) was mixed with APC-resistant plasma (50
ml). The mixtures were then tested in the APC-cofactor 2
activity assay (A) with (@) and without (o) APC in the
CaCl,-solution, and in the Factor V assay (B). Each point
represents the mean of duplicate measurements.

RESULTS

[0128] APC-cofactor 2 activity was analyzed with a bio-
logical assay using plasma from an individual (designated

Sep. 13,2007

AS-plasma) with APC-resistance as test plasma, and a
procedure was devised for purification of APC-cofactor 2
from normal plasma. The first step in the procedure was
barium-citrate adsorption, which removed the vitamin K-de-
pendent proteins including Protein C and Protein S. The
barium-citrate eluate had no APC-cofactor 2 activity. On
fractionation of the supernatant plasma with PEG 6000
precipitation, the APC-cofactor 2 activity was present in the
8% PEG supernatant, whereas the dissolved 0-8% PEG
6000 precipitate had no APC-cofactor 2 activity. The APC-
cofactor 2 activity in the 8% PEG supernatant was purified
first by anion exchange chromatography on a column with
Q-Sepharose and then by gel filtration on Sephacryl S-300
(FIG. 1). This purification protocol was very similar to a
procedure for purification of coagulation Factor V (J. Clin.
Invest. 66 583-591 (1980)), and Factor V was found in the
same fractions of APC-cofactor 2 activity. The purification
was performed at least 10 times with different modifications,
and the elution profiles for Factor V and APC-cofactor 2
activity were consistently very similar. The protein in the
S-300 pool expressed both Factor V and APC-cofactor 2
activities, and manifested characteristics previously reported
for Factor V (J. Clin. Invest. 66 583-591(1980)). Additional
efforts to separate the two activities using several other
chromatographic principles, such as Heparin Sepharose,
Blue Sepharose and Wheat germ agglutinin Sepharose were
unsuccessful (not shown), and APC-cofactor 2 activity was
in fact found to purify together with Factor V on every
chromatographic support that was tried.

[0129] SDS-polyacrylamide gel electrophoresis of the
protein in the S-300 pool yielded a 330 kDA band (corre-
sponding to single chain Factor V) in addition to bands with
molecular weights of approximately 220,000 and 130-150,
000 (FIG. 2). These bands represented cleaved Factor V and,
like the 330 kDa species, they reacted with a polyclonal
antiserum against Factor V on Western blotting (FIG. 2). The
220 kDa band represented the C-terminal part of Factor V,
including the 74 kDa light chain of Factor V, and the larger
(150 kDa) of the two activation fragments, and was recog-
nized by an antiserum against the light chain of bovine
Factor V, (results not shown). The 130-150 kDa bands
comprised the N-terminal part of Factor V (105 kDa heavy
chain plus the smaller of the two activation fragments), and
accordingly reacted with an antiserum against the bovine
Factor V_ heavy chain (results not shown). Additional bands
of lower molecular weights, which did not react with poly-
clonal Factor V antiserum on Western blotting were some-
times seen, but when present, their elution profiles (as
judged by SDS-PAGE) on the S-300 chromatography did
not correlate with the activity of Factor V or with APC-
cofactor 2 activity. Incubation of the purified protein with
thrombin yielded fragments characteristic for thrombin-
cleaved Factor V, and concomitantly the activity in the
APC-cofactor 2 assay was lost, suggesting APC-cofactor 2
activity only to be expressed by Factor V and not by Factor
V,. On Agarose gel electrophoresis, the purified protein
migrated as a single species to an inter-alpha position (FIG.
2), and both Factor V and APC-cofactor 2 activities could be
eluted from this position of the gel (not shown).

[0130] As Factor V is extremely sensitive to proteolysis,
an abundance of protease inhibitors was included in the final
protocol. When performed in the absence of protease inhibi-
tors, the purification procedure resulted in a more degraded
product lacking the 330 kDa species, but containing the 220
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kDa and 130-150 kDa bands. This purified product
expressed both Factor V and APC-cofactor 2 activities.
Factor V requires calcium for its stability; and when calcium
was not included in the purification, both Factor V and
APC-cofactor 2 activities were gradually lost.

[0131] The protein in the S-300 pool was used as antigen,
as described above, for the production of monoclonal anti-
bodies. Seventeen antibodies were obtained, and they were
all found to react with the 330 kDa single chain Factor V as
well as with the 220 kDa species, as judged by Western
blotting (FIG. 2). After thrombin cleavage of Factor V, all
antibodies reacted with the 150 kDa activation fragment (the
larger of the two activation fragments).

[0132] One of the antibodies (Master 30) was immobilized
on Affigel and used for affinity chromatography (FIG. 3).
The S-300 pool was applied to the column. The protein that
bound to the column was eluted and found to have both
Factor V and APC-cofactor 2 activities. The elution profiles
of both activities coincided, but manifested considerable
trailing. Other elution conditions such as using higher or
lower pH, or denaturing agents were tried but were unsuc-
cessful as they resulted in loss of both activities. The S-300
pool was also applied to columns with immobilized poly-
clonal antibodies against human Factor V or against bovine
Factor V, fragments. Both Factor V and APC-cofactor 2
activities were retained on the columns, but the denaturing
conditions required to elute the bound protein resulted in
loss of both biological activities (results not shown).

[0133] Increasing concentrations of affinity purified APC-
cofactor 2/Factor V were added to AS plasma and the
anticoagulant response to APC tested. A dose-dependent
increase in anticoagulant response to APC was observed
(FIG. 4A). Approximately 25 mg/L, which is of the same
order of magnitude as the normal plasma concentration of
Factor V, was required to yield an APC-response of AS
plasma comparable to that of normal plasma (clotting times
in the presence of APC of 90-110 seconds). The affinity
purified protein was also active in Factor V assay, as
demonstrated by a shortening of the clotting time (FIG. 4B).

[0134] Assays for Components in the APC-Cofactor Sys-
tem

[0135] The following examples show that by keeping the
levels constant of two of the components in the APC-
cofactor system comprised of APC, Factor V having APC-
cofactor 2 activity and Protein S, and varying the remaining
one, different substrate conversion rates will be achieved.
This implies that assays as outlined above for each of the
components can be constructed. An assay employing plasma
deficient in APC-cofactor 2 activity has been disclosed
above.

Effect of APC-Cofactor 2 in a Chromogenic Assay.

[0136] The assay principle is based upon the monitoring of
the degradation of FVIII, by APC through the FIX,-depen-
dent activation of FX, in which system FVIII, serves as an
important cofactor to FIX,. Thus, a decreased level of FVIII,
will result in a decreased generation of FX_, determined
through the hydrolysis of a FX,-sensitive chromogenic
peptide substrate.

[0137] 1. 50 uL of a normal plasma dilution 1:20 in 50
mmol/L. Tris-HCI buffer, pH 7.3, I=0.15 and 1% bovine
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serum albumin (BSA) containing highly purified FVIII
concentrate (Octonativ M®, Kabi Pharmacia AB, Stock-
holm Sweden), 2 IU/mL, was mixed with 50 pLL bovine
thrombin, 0.06 nkat/mL (activity vs. the substrate S-2238,
(Chromogenix AB, Mdlndal, Sweden)) for 30 s at 37° C.

[0138] II. Thereafter 100 pL. of a reagent (R) mixture
containing 40 mmol/L Tris-HCI, pH 7.3 and 0.15% BSA,
CaCl,, 12 mmol/L, and phospholipids, 30 pmol/L, as well
as other components defined below, was added to the
above mixture, followed by an incubation for 2 min at 37°
C.

[0139] III 25 pL was then subsampled from this mixture
and diluted with 1000 pLL 50 mmol/L Tris-HCI buffer, pH
7.3,1=0.15 with 0.2% BSA, followed by analysis of FVIII
activity according to the COATEST® FVIII assay prin-
ciple (Chromogenix AB, Mdlndal, Sweden).

[0140] TV.200 pL of a reagent containing bovine FIX, and
bovine FX (COATEST FVIII, Chromogenix AB, Mdln-
dal, Sweden) and phospholipids, 30 pmol/L, was mixed
with 100 pL of the diluted subsample and with 100 pl
CaCl,, 25 mmol/L. After 5 minutes incubation at 37° C.,
200 pL of the chromogenic FX, substrate S-2765 (Chro-
mogenix AB, Mélndal, Sweden), 0.9 mmol/L. was added.
After further 3 min incubation at 37° C., the substrate
hydrolysis was stopped by addition of 100 uL acetic acid,
20%, and the absorbance of the released Chromophore
pNA (p-nitroaniline) was read at 405 nm in a photometer.

[0141] In this assay system, the concentration of active
FVIII in the sample is directly proportional to the absor-
bance. The content of supplementary components in the
different R-mixtures are:

[0142] A. None

[0143] B. APC, 0.4 pg/mL

[0144] C. APC, 0.4 pg/mL+APC-cofactor 2 activity, 0.3
U/mL

[0145] D. APC, 0.4 pg/mL+human Protein S, 1 pg/mL

[0146] E. APC, 0.4 ug/mL+human Protein S, 1 pg/mL+
APC-cofactor 2 activity, 0.3 U/mL

[0147] Normal plasma contains approximately 10 pg/ml.
of free Protein S, hence the sample dilutions contributes with
0.05x0.05x10=0.025 pg in stage II, corresponding to one
fourth of the added amount of purified human Protein S. The
content of APC-cofactor 2 activity should be considered as
an approximate estimation since no quantitative method yet
exists.

Effect of
APC-Cofactor 2 activity

Protein S, conc. on APC activity

R-Mixture  in stage II, pg/mL A 405 expressed as A405
A 0.125 0.678
B 0.125 0.623
C 0.125 0.509 -0.114 (C - B)
D 0.625 0.559
E 0.625 0.389 -0.170 (E - D)
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[0148] Thus, the results show that addition of APC-cofac-
tor 2 activity enhances the activity of APC at both levels of
Protein S, illustrated as a decrease in the FX,-generation,
i.e., an increased rate of inactivation of FVIII, in stage II.

Effect of APC-Cofactor 2 Activity in Clotting Assay.

[0149] Cofactors FV, and FVIIL, are involved in the gen-
eration of thrombin, the enzyme responsible for fibrin for-
mation. These cofactors are degraded by APC and hence the
activity of APC is illustrated in a clotting assay as a
prolongation of the time needed for generation of the fibrin
clot. Since Protein C (PC) circulates as a proenzyme,
activation of PC in the sample is accomplished by addition
of the snake venom enzyme Protac C® (Pentapharm, Basel,
Switzerland). The following experiment was performed:

[0150] 1. 10 pL FVII concentrate (Octonativ M®, Kabi
Pharmacia AB, Stockholm, Sweden), 10 IU/mL, was
mixed with 100 pul. PC-deficient plasma, 100 ul, APTT
reagent, 25 pl. Protac C®, 1.5 U/mL, and 25 pl. of a
reagent (R) mixture containing 50 mmol/L Tris-HCI, pH
7.5, 1=0.15, 0.2% BSA and further components defined
below, was added to the above mixture. The complete
mixture was incubated for 4 min at 37° C.

[0151] TII. 100 pL CaCl,, 22 mmol/L, was then added to the
above mixture and the time needed for clot formation at
37° C. was recorded.

[0152] Supplementation in R-mixtures:

[0153] A. None

[0154] B.PC, 2 pg/mL

[0155] C. PC, 2 pg/mL, +APC-cofactor 2 activity, 2.6
U/mL

[0156] D.PC, 4 pg/mL

[0157] E. PC, 4 pg/mL, +APC-cofactor 2 activity, 2.6
U/mL

[0158] F. APC-cofactor 2, 2.6 U/mL

[0159] The Protein C deficient plasma contributes the
other plasma proteins involved in the clotting process as
well as Protein S, a cofactor for APC. The final concentra-
tion of APC-cofactor 2 activity in stage I is approximately
0.2-0.3 U/mL (see above).

Concentration Prolongation of APC
of PC in activity due to

R-Mixture stage I, pg/mL Clotting time, s APC-Cofactor 2, s A

A 0 42307 @m=15)

B 0.2 62.7+12 @m=5)

C 0.2 714 £1.6 (n=3) 8.7

D 0.4 793 £29 (n=73)

E 0.4 104.5 £ 8.6 (n = 3) 25.2

F 0 45.9

[0160] Thus, the experiments clearly show that addition of
APC-cofactor 2 activity enhances the APC activity,
expressed as an increased prolongation of the clotting time.
The effect of the addition of the APC-cofactor 2 preparation
in the absence of PC is only minor.
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1-43. (canceled)

44. A method for diagnosing a blood coagulation/antico-
agulation disorder or for determining a predisposition
thereto in a human, said method comprising:

determining anticoagulant Factor V activity in an assay
medium containing a sample derived from said human,

wherein an abnormal level of the anticoagulant Factor V
activity indicates manifestation of, or predisposition to,
said blood coagulation/anticoagulation disorder.

45. The method of claim 44, wherein the assay medium
further comprises a substrate for Activated Protein C (APC)
and wherein determining anticoagulant Factor V activity
comprises measuring conversion of said substrate by APC
and correlating said conversion to said anticoagulant Factor
V activity.

46. The method of claim 44, wherein said disorder is a
thromboembolic disorder.

47. The method of claim 46, wherein said abnormal level
is a decreased level.

48. The method of claim 44, wherein said anticoagulant
Factor V activity can be correlated to conversion of a
substrate specific for activated Protein C (APC), said
method further comprising:

measuring in said assay medium, containing said sample
and a substrate for APC, conversion of said substrate by
APC and correlating said conversion to said anticoagu-
lant Factor V activity;

wherein at least one exogenous substance selected from
the group consisting of Protein S and an inhibitor of
Protein S activity is added to said assay medium.

49. The method of claim 44, wherein the method further
comprises adding to the assay medium a blood coagulation
factor or a reagent that activates the blood coagulation
system via a pathway selected from the intrinsic and extrin-
sic pathways.

50. The method of claim 44, said method further com-
prising adding blood coagulation components selected from
the group consisting of Factor VII/VIIa, Factor IX, Factor
IXa, Factor X/Xa, Factor 11, Factor Xla, Factor XIla and a
reagent that serves to introduce an activated coagulation
factor.

51. The method of claim 50, wherein said reagent that
serves to introduce an activated coagulation factor is
selected from the group consisting of a contact activator and
a tissue factor.

52. A method for determining, in a sample derived from
a human, a functional activity of anticoagulant Factor V of
the human blood coagulation system, which activity can be
correlated to conversion of a substrate specific for activated
Protein C (APC), said method comprising:

measuring in an assay medium containing said sample
and a substrate for APC, conversion of said substrate by
APC and correlating said conversion to said functional
activity of said anticoagulant Factor V;

wherein exogenous APC is added to said assay medium.

53. The method of claim 52, wherein said substrate for
APC is selected from the group consisting of Factor Va and
Factor VlIlla.

54. The method of claim 53, wherein the sample is
derived from an individual on therapy with vitamin K
antagonists or otherwise deficient in vitamin K-dependent
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coagulation factors, and wherein at least one vitamin K
dependent coagulation factor in activated or inactivated
form is added to the assay medium.

55. The method of claim 52, wherein said method further
comprises adding to the assay medium a blood coagulation
factor or a reagent that activates the blood coagulation
system via a pathway selected from the group consisting of
the intrinsic and extrinsic pathways.

56. The method of claim 52, wherein said method further
comprises adding blood coagulation components selected
from the group consisting of Factor VII/VIla, Factor IX,
Factor IXa, Factor X/Xa, Factor II, Factor XIa, Factor XIla
and a reagent that serves to introduce an activated coagu-
lation factor.

57. The method of claim 56, wherein said reagent that
serves to introduce an activated coagulation factor is
selected from the group consisting of a contact activator and
a tissue factor.

58. The method of claim 52, further comprising a com-
parison of multiple samples and wherein the functional
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activity of said exogenous APC added to each sample is
essentially constant between said samples.

59. The method of claim 58, wherein a functional excess
of said exogenous APC is added to each sample to achieve
said essentially constant functional activity.

60. The method of claim 58, wherein an antibody which
specifically binds to an epitope associated with anticoagu-
lant activity of Protein S is added to each sample to achieve
said essentially constant functional activity.

61. The method of claim 52, further comprising adding to
said assay medium a substance selected from the group
consisting of Factor VIII and VIlIa.

62. The method of claim 52, wherein said sample is a
blood or blood derived sample.

63. The method of claim 52, wherein said determination
of said functional activity is used to diagnose a blood
coagulation disorder in an individual from which said
sample is derived.
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