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THROMBOPLASTIN REAGENTS

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[01] The subject matter of this application may in part have been
funded by NIH (NHLBI) SCOR grant P50 HL45402. The government may
have certain rights in this invention.

BACKGROUND

[02] The Prothrombin Time (PT) test is widely used to monitor oral
anticoagulation therapy by coumarins, as a general screening test for the
blood clotting system, and as the basis for specific Factor assays. Clotting
times obtained with the PT are primarily dependent on the plasma levels of
the vitamin K-dependent coagulation Factors Il (prothrombin), VI, and X, and
on the levels of two non-vitamin K-dependent proteins, Factor V and
fibrinogen. Coumarin treatment antagonizes the vitamin K
carboxylase/reductase cycle, thus inhibiting the post-translational conversion
of glutamate residues to gamma-carboxyglutamate. Vitamin K-dependent
clotting factors contain essential gamma-carboxyglutamate residues in their
Gla domains. Patients receiving coumarin therapy will therefore produce
undercarboxylated’vitamin K-dependent clotting factors with reduced
procoagulant activity. This prolongs the PT, chiefly due to depression in the
levels of Factors II, VIl and X. Successful oral anticoagulant therapy with
coumarins requires careful monitoring of the patient’s PT in order to achieve
an effective level of anticoagulation while minimizing bleeding complications
(reviewed by Hirsh et al. [1]).

[03] The PT test is accomplished by mixing citrated plasma samples
with a thromboplastin reagent and measuring the time to clot formation. An
active ingredient in thromboplastin reagents is tissue factor, the protein
responsible for triggering the blood clotting cascade through the extrinsic
pathway [2]. Originally, thromboplastin reagents were prepared from
relatively crude extracts of tissues (usually brain or placenta) of human or
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animal origin. More recently, however, newer generation thromboplastin
reagents have been developed that are based on purified, recombinant
human tissue factor that has been reconstituted into phospholipid vesicles
[3,4]. Because thromboplastin reagents vary widely in composition and
manner of preparation, their sensitivities in monitoring oral anticoagulant
therapy also vary widely. More sensitive thromboplastin reagents exhibit a
more marked prolongation in the patient’s PT as a consequence of oral
anticoagulant therapy than do less sensitive thromboplastin reagents. Left
uncorrected, this can result in markedly different dosing of oral anticoagulants
[1].

[04] Several years ago, a system was introduced to correct for
differences in the sensitivities of thromboplastin reagents to coumarin therapy.
Termed the International Sensitivity Index (1S1), this scheme has gained wide
acceptance for measuring the responsiveness of a particular thromboplastin
reagent to the decrease in coagulation proteins induced by administration of
coumarin drugs [1]. The process for assigning an IS| value to a given lot of
thromboplastin reagent is begun by measuring the clotting times of a
collection of plasma samples consisting of a relatively large group of normal
donors and patients who are stably anticoagulated with coumarins [5]. The
clotting times of these same plasmas are also measured using an
international reference thromboplastin of known ISI value. The ISI value of
the new thromboplastin reagent is then derived from the slope of the
regression line fitted to the clotting times obtained with the two reagents,
plotted on log-log graphs. These ISI values are ultimately traceable to an
original international thromboplastin standard, which was assigned an ISI
value of 1.00 [5]. The more sensitive a thromboplastin reagent is to the
changes induced by coumarin therapy, the lower its ISI value. In general,
thromboplastin reagents with 1SI values near 1.0 have been the most
desirable. Indeed, newer generation reagents (including those based on
recombinant thromboplastin) have typically been manufactured to have S|

values near 1.0 [1].
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[05] The ISI value of a thromboplastin reagent is used to calculate
the International Normalized Ratio (INR) for patient plasma samples. The INR
is calculated by first dividing the patient’s PT value by the mean PT value for
20 or more normal plasmas. This PT ratio is then raised to the ISI power,
yielding the INR value, which in turn, is used by the treating physician to
adjust the drug dose. The introduction of the INR reporting system has vastly
improved the standardization of monitoring of oral anticoagulant therapy, and
can be credited with decreasing bleeding complications for oral anticoagulant
therapy [1].

[06] Although the ISI/INR scheme has revolutionized the way in
which oral anticoagulant therapy is monitored, it has been criticized on a
number of grounds. For example, experience with this system has
demonstrated that a single ISl value for each new lot of thromboplastin
reagent is not sufficient. Instead, ISI values are determined for each
combination of thromboplastin lot and the type of coagulometer used to
measure clotting times [6]. For careful monitoring of patient INR values, some
have recommended that clinical coagulation laboratories perform local
calibrations using plasma calibrants for particular combinations of
thromboplastin reagent and instrumentation used to measure patient PT
values [6]. In addition, the determination of ISI depends upon a linear
relationship (on log-log plots) between clotting times determined with the test
and reference thromboplastin reagents, but a number of instances of
deviation from linearity have been reported, especially for patients with high
INR values [7-9]. Recombinant thromboplastin reagents have also been
criticized as being overly sensitive to changes in Factor Vil levels, relative to

tissue-derived thromboplastin reagents [8, 10].

BRIEF SUMMARY

[07] In a first aspect, the present invention is a thromboplastin
reagent, comprising (a) TF, (b) FVII, and (c) a net negatively charged
phospholipid. The thromboplastin reagent is a synthetic thromboplastin

reagent, and is in dried form.
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[08] In a second aspect, the present invention is a thromboplastin
reagent, comprising (a) TF, (b) FVII, and (c) a net negatively charged
phospholipid. The thromboplastin reagent is a synthetic thromboplastin
reagent, and does not comprise Factor Il or Factor X.

[09] In a third aspect, the present invention is a thromboplastin
reagent, comprising (a) TF, (b) 1-1000 pM Factor Vlla equivalents of FVII, and
(c) a net negatively charged phospholipid. The thromboplastin reagent is a
synthetic thromboplastin reagent.

[010] In a fourth aspect, the present invention is a thromboplastin
reagent, comprising (a) rTF, (b) at least 150 pM Factor Vlia, (c) PC, (d) PS,
and (e) Ca**. The thromboplastin reagent has an ISI of at most 1.5, a PTR for
1% Factor VIl of at most 1.5, and a PTR for 1% Factor Il of at least 2.

[011] In a fifth aspect, the present invention is a method of making a
thromboplastin reagent, comprising adding FVII to a synthetic thromboplastin
reagent; and drying the thromboplastin reagent.

[012] In a sixth aspect, the present invention is a method of changing
the 18I of a thromboplastin reagent, comprising adding FVIi to a
thromboplastin reagent.

Definitions

[013] FVII means any protein that exhibits Factor VII clotting activity of
human Factor VII. The Factor VI clotting activity of a protein is determined by
comparing the amount of the protein necessary to give the same clotting time
as human Factor VII in the following assay: 50 pL of citrated Factor VI
deficient plasma, together with human Factor VIl or the protein, is incubated in
a cuvette for 2 min at 37°C, after which clotting is initiated by adding 100 pL
pre-warmed thromboplastin reagent, and the time to clot formation is
measured with a coagulometer, such as an ST4 coagulometer (Diagnostica
Stago, Parsippany, NJ). The amount of human Factor VIl and the type of
thromboplastin reagent are preferably selected to give a clotting time of 10-15
seconds. The molar amount of human Factor Vil that achieves a given

clotting time is divided by the molar amount of the protein that gives the same
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clotting time, which gives the relative Factor VIl clotting activity of the protein.
Preferably, FVII has at least 1% of the clotting activity of human Factor VII.
FVIl includes, for example, natural human Factor VI, natural human Factor
Vlla, recombinant human Factor VII [17] and Vlla, and other mammalian
Factor VIl and Vlla (such as natural rabbit Factor VIl and natural rabbit Factor
Vila).

[014] “Factor Vlla equivalents” means that the amount of FVII present
has the same clotting activity as the specified amount of natural human Factor
Vlla. For example, “10 ng Factor Vlla equivalents of FVII" means that the
amount of FVII present has the same clotting activity as 10 ng of natural
human Factor Vlla.

[015] I'TF means any recombinant tissue factor which is not identical
to natural mammalian tissue factor. This includes recombinant tissue factor
produced in bacteria (which differs from natural mammalian tissue factor in
molecular weight since it does not have attached carbohydrate), and
recombinant tissue factor produced in insect cells (baculovirus) (which differs
from natural mammalian tissue factor in molecular weight, since certain
problematic domains have been removed).

[016] TF means any tissue factor protein, such as rTF and natural
mammalian tissue factors.

[017] Thromboplastin reagent is any reagent which contains TF and
that when 100 pL of the reagent pre-warmed to 37°C is mixed with 50 L
plasma pooled from normal individuals will result in clotting within 1 minute;
and when neat and warmed to 37°C does not clot within 2 minutes.

[018] Synthetic thromboplastin reagent is any thromboplastin reagent
that contains rTF. Alternatively, synthetic thromboplastin reagent contains TF
and does not contain any actin, hexokinase, and alkaline phosphatase.

[019] “'Prothrombin time ratio” (PTR) for a “1% Factor” of a
thromboplastin reagent is determined by dividing the PT for a plasma
containing 1% of the normal level of the specified factor by the PT for pooled
normal plasma (100% factor) obtained with the thromboplastin reagent. For

example, the “prothrombin time ratio for 1% Factor VII” of a thromboplastin

-5-
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reagent is determined by dividing the PT for a plasma containing 1% of the
normal level of Factor VII by the PT for pooled normal plasma (100% factor)
obtained with the thromboplastin reagent.

BRIEF DESCRIPTION OF THE DRAWINGS

[020] Figure 1 is a graph of the relationship between thromboplastin
sensitivity as measured by 1Sl and phospholipid composition.

[021] Figure 2 is a graph of the relationship between thromboplastin
sensitivity as measured by IS and ionic strength.

[022] Figures 3 (A), (B) and (C) are graphs of the relationship between
thromboplastin sensitivity as measured by ISI and response to individual
factor deficiencies: (A) variable PS with 40% PE; (B) variable PS with no PE;
(C) variable NaCl concentration with 20% PS (individual factor response as
compared to ISI at 1% normal factor levels).

[023] Figures 4 (A), (B) and (C) are graphs of the relationship between
response to individual factor deficiency and Factor Viia added to the reagent:
(A) 12.5 mM NacCl; (B) 50 mM NaCl; (C) 125 mM NaCl.

[024] Figures 5 (A), (B) and (C) are graphs of the response of
reagents containing 20 mol% PS and 50 mM NaCl to deficiencies of Factors
VIl, X, and prothrombin when Factor Vlla is added to the reagent: (A) Factor
VIl response; (B) Factor X response; and (C) prothrombin response.

[025] Figures 6 (A) and (B) are graphs of the change in the response
to factors with the addition of Factor Vlla in reagents containing 20 mol% PS
with 50 mM final reagent NaCl: (A) Change in the negative slope of the
response curve (a measure of the relative response to worsening factor
deficiency); and (B) Change in PTR at 1% factor (a clinically relatable number
indicating degree of prolongation of the PT).

[026] Figures 7 (A) and (B) are graphs of the change in the response
to factors with the addition of Factor Vlla in reagents containing 20 mol% PS
with 12.5 mM final reagent NaCl: (A) Change in the negative slope of the

response curve; and (B) Change in PTR at 1% factor.
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[027] Figures 8 (A) and (B) are graphs of the change in the response
to factors with the addition of Factor Vlla in reagents containing 20 mol% PS
with 125 mM final reagent NaCl: (A) Change in the negative slope of the
response curve; and (B) Change in PTR at 1% factor.

[028] Figures 9 (A), (B) and (C) are graphs of the response (as
measured by PTR at 1% factor) of reagents with various salt concentrations
plotted for each factor individually: (A) Factor VIl response; (B) Factor X
response; and (C) Factor Il response.

[029] Figures 10 (A), (B), (C), (D), (E) and (F) are graphs of the
response to factor deficiency with variable phospholipid content: (A) and (B)
Factor VII deficiency; (C) and (D) Factor X deficiency; and (E) and (F)
prothrombin deficiency.

[030] Figures 11 (A), (B), and (C) are graphs of the response to factor
deficiency with variable NaCl concentration: (A) Factor VII deficiency; (B)
Factor X deficiency; and (C) prothrombin deficiency.

DETAILED DESCRIPTION

[031] We hypothesized that a major difference between
thromboplastin reagents made from tissue extracts and thromboplastin
reagents made using recombinant human tissue factor is that the tissue-
derived thromboplastins may be contaminated with Factor VII (the plasma
protein that serves as the ligand for tissue factor), while recombinant reagents
would be devoid of Factor VII. We felt that this is likely to explain why
recombinant reagents are so much more sensitive to changes in plasma
Factor VIl levels than are tissue-derived reagents. We found that adding
small amounts of Factor Vlla to thromboplastin reagents made from purified
ingredients (recombinant human tissue factor and purified phospholipids)
greatly decreased their sensitivity to changes in Factor VI levels in plasma.
Very surprising, however, was that adding even tiny amounts of Factor Vila to
such thromboplastin reagents dramatically altered their sensitivities to other
clotting factors as well (chiefly, Factor X and prothrombin). Furthermore, we
found strongly synergistic interactions between added Factor Vlla and

-7 -
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changes in the levels of negatively charged phospholipids and changes in the
ionic strength of recombinant thromboplastins. This was reflected in
surprisingly profound changes in the sensitivities of such reagents to Factor
VII, Factor X and prothrombin. Taken together, these alterations to the
formulation of thromboplastin reagents has given us almost complete control
over the sensitivities of such reagents to Factor VII, Factor X, and
prothrombin, and to a very large extent, these sensitivities can be individually
manipulated.

[032] Regression models have been developed describing the
relationship of ISI to reagent composition that allow for design of reagents of
any desired specific level of response. Specifically, reagents containing low
amounts of negatively charged phospholipid (such as phosphatidylserine)
and/or high NaCl content are more responsive to the clotting factor deficits
induced by oral anticoagulation (as measured by ISI). Additionally, further
experiments have elucidated the relationships between reagent response to
individual coagulation factors and the composition of the reagent. Response
to prothrombin (Factor Il) is particularly sensitive to changes in
phosphatidylserine and salt content. Since a number of studies suggest that
the levels of this factor are most directly associated with risk for thrombosis,
increasing the sensitivity of the thromboplastin reagent to changes in Factor i
has the potential to improve the efficacy and safety of oral anticoagulant
therapy. Addition of minute amounts of Factor Vlla to the thromboplastin
reagent can be used to minimize sensitivity to Factor VIl and to further
manipulate responses to other factors. Since Factor VIl has the shortest
biological half-life, and the least impact on risk for thrombosis, eliminating a
reagent's response to this factor may also significantly improve reagent
performance. Reagents of any specific desired factor sensitivity can now be
designed. Specific reagents will be produced for Simplified clotting tests that
respond primarily to deficiencies of the coagulation factors of interest in the
particular disease process.

[033] Thromboplastin reagents of the present invention contain added

FVII. Any FVII may be used including any mammalian Factor Vi or Vlla

-8-
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(such as human, rabbit, rat, cow, etc.). Preferably the thromboplastin
reagents contain added Factor Vila, more preferably human Factor Vlla. The
FVII may be prepared recombinantly [17].

[034] Preferably, the amount of FVII present is less than the amount
of Factor VIl or Factor Vlla found in the plasma of normal individuals,
including the amount of Factor VIl or Vila found in Factor li- and Factor X-
deficient plasmas. The amount of FVIi present is preferably 0.1 to 10
nanograms/milliliter (ng/ml) Factor Vlla equivalents, 1 to 6 ng/ml Factor Vlla
equivalents, or 2.5 to 5 ng/ml Factor Vlla equivalents, and more preferably at
least 1 ng/ml or at least 2.5 ng/ml Factor Vlla equivalents. Alternatively, the
amount of FVII may be expressed in picomolar (pM) amounts; such as 1-1000
pM Factor Vlla equivalents, 50-400 pM Factor Vlla equivalents, preferably at
least 150 pM Factor Vlla equivalents or at least 200 pM Factor Vlia
equivalents.

[035] Preferably, the thromboplastin reagent contains Ca?*, or the
Ca?" may be added just prior to use of the reagent. The Ca?* may be
provided with the thromboplastin reagent in a kit, with each part separately
packed, optional with each reagent is dry form. Ca?* is preferably added as
CaCl,. The amount of Ca®" is preferably 1-100 mM, more preferably 5-75
mM, more preferably 15-50 mM, including 20 mM, 25 mM, 30 mM, 35 mM,
40 mM and 45 mM.

[036] lonic strength may be adjusted by adding salts, such as alkali
metal and alkaline earth metal salts, including halides, sulfates, nitrates and
acetates, such as NaCl and KCI. Preferably, the salts are present in an
amount of 0-200 mM, 10-150 mM, 15-125 mM, or more preferably 25-100
mM.

[037] Preferably, the thromboplastin reagent does not contain one or
more of Factor Il, Factor X, actin, hexokinase, and alkaline phosphatase. The
absence of actin, hexokinase and alkaline phosphatase indicates that the
thromboplastin reagent does not contain tissue extracts (although the tissue

factor itself may have been isolated and purified from tissue). The absence of
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Factor Il and Factor X indicates that neither Factor Il nor Factor X deficient
plasmas have been added to the reagent.

[038] The thromboplastin reagents contain TF relipidated into
phospholipids, such as phosphatidylcholine (PC), phosphatidylserine (PS)
and phosphatidylethanolamine (PE). At least a portion of the phospholipids
are net negatively charged phospholipids, such as PS, phosphotidylglycerol
(PG), phosphatidic acid (PA), and phosphotidylinositol (PI). Preferably, the
amount of PS is from 5-50%, more preferably from 10-40%, including 15%,
20%, 25%, 30%, and 35%, of the total phospholipids content. The amount of
PE is preferably 0-50%, more preferably 5-40%, including 10%, 15%, 20%,
25%, 30%, and 35%, of the total phospholipids content. Preferably, the
remainder of the phospholipids content is composed of neutral phospholipids,
such as PC, for example 0-95%, more preferably 40-90%, including 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, and 85%, of the total phospholipid
content. '

[039] The 18I of the thromboplastin reagent is preferably 0.6 to 2,
more preferably 0.8 to 1.5, even more preferably 0.8 to 1.2, and most
preferably 0.9 to 1.1. Alternatively, preferably the 1SI of the thromboplastin
reagent is at most 1.5 or at most 1.2.

[040] Preferably, the PTR for 1% Factor VIl is 1-10, more preferably
1-5, even more preferably 1-2, and most preferably at most 1.5, including at
most 1.4, 1.3, 1.2 and 1.1.

[041] Preferably, the PTR for 1% Factor Il (prothrombin) is 1-10, more
preferably 1.5-7, even more preferably 2-7, and most preferably at least 2,
including at least 3, 4, 5 and 6.

[042] Preferably, the PTR for 1% Factor X is 1-10, including 1.1, 1.2,
1.3,14,15,16,17,1.8,1.9,2,3,4,5,6and 7.

[043] Preferably, the PTR for 1% Factor VIl is at most 2 and the PTR
for 1% Factor Il is at least 4; more preferably the PTR for 1% Factor Vli is at
most 1.5 and the PTR for 1% Factor |l is at least 5; and most preferably the
PTR for 1% Factor VIl is at most 1.2 and the PTR for 1% Factor Il is at least
6.

-10 -
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[044j The thromboplastin reagents may be provided in dried form, by
freeze-drying, spray-drying, or other suitable protein drying methods. The
reagents may be dried onto strips or other solid supports, and may be
provided as kits with the components provided separately packaged, or
groups of the components packaged into 2 or more packages. Some or all of
the components may be provided in dried forms, and other components
provided in saline or a physiological buffer.

[045] Thromboplastin reagents may be used to monitor any

anticoagulant drug therapy. Table 1 below lists a variety of these drugs.

Table 1
[046] Anticoagulant drugs that may be monitored with thromboplastin

reagents

Coumarin Derivatives (block Warfarin (COUMADIN®)'
production of functional Nicoumalone (ACENOCOUMAROL™)’
factors 11,VII, and X): Dicoumarol (BISHYDROXYCOUMARIN™)
Phenprocoumon

Thrombin (Flla)Inhibitors Argatroban (NOVASTAN®)'
Ximelgatran (EXANTA®)?
BIBR 10482
BIBR 953
Desirudin (REVASC®)’
Lepirudin (REFLUDAN® or
PHARMION®)Bivalirudin (ANGIOMAX®,
previously HIRULOG®)'

FXa Inhibitors DX-9065a“
DPC 9062
Antistasin®

TF/FVlla Inhibitors Anti-TF antibodies
Recombinant Nematode Anticoagulant Protein
(rNAPc2)?

Recombinat Tissue Factor Pathway Inhibitor
(TIFACOGIN™)?
FVllai®

ART-123™ (recombinant soluble thrombomodulin)®

1: FDA approved for use in humans
2: Evaluated in clinical trials but not yet approved
3: Still in development (animal studies only)

-11 -
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EXAMPLES

[047] Varying the ratio of phospholipid to rTF does not affect ISI

[048] The purpose of this study was to identify which properties of
synthetic thromboplastin reagents determine their ISI values. To do so, the
composition of such reagents was systematically varied and the impact on
relative 1S| was measured. One of the variables that can be controlled during
relipidation of rTF is the ratio of phospholipid to tissue factor. This was
achieved during relipidation by holding the total phospholipid concentration
constant while varying the rTF concentration. In this series of experiments,
the phospholipid composition was 20 mol% PS and 80 mol% PC, and the
molar ratios of total phospholipid to rTF varied over a wide range, from 1000:1
to 300,000:1. Varying the ratio of phospholipid to rTF in synthetic
thromboplastin reagents had little or no effect on ISl.

[049] Phospholipid composition

[050] Another variable that can be controlled in synthetic
thromboplastin preparations is the phospholipid composition. Negatively
charged phospholipids -- most especially PS -- promote optimum tissue factor
activity [16]. Accordingly, we varied the phospholipid composition during rTF
relipidation from 5 to 30 mol% PS, with the balance being PC. The
phospholipid composition of synthetic thromboplastins had a profound effect
on relative ISI, which varied essentially linearly from 0.67 to 1.55 over this
range of PS content (Figure 1).

[051] Previously it had been shown that PE could synergize with PS in
enhancing the procoagulant activity of tissue factor, dramatically decreasing
the amount of PS needed to achieve maximal procoagulant activity [11]. The
ability of PE to influence ISI values was investigated by relipidating rTF into
phospholipid vesicles containing a constant 40 mol% PE, and varying the PS
content from 1 to 15 mol% (the balance of the phospholipids was PC). As can
be seen from Figure 1, incorporating PE into relipidated rTF preparations

dramatically shifted the relationship between relative ISI and mol% PS (i.e.,
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the curve is shifted to the left). So, the same ISI value can be obtained at
much lower PS levels in the presence of 40% PE than in the absence of PE.
The slope of the relationship between IS| and mol% PS was also steeper,
indicating that 1SI values were even more sensitive to PS content in the
presence of PE than in its absence. In Figure 1 the remainder of the
phospholipid in the reagents was either PC (e); or 40 mol% PE plus sufficient
PC to make 100% (A ). Data points represent mean (+ standard error) of
relative I1SI determinations from three separate synthetic thromboplastin
preparations, each of which were prepared from three separate relipidations
of rTF.

[052] Next, the phospholipid composition during rTF relipidation was
varied from 10 to 40 mol% PS in the absence of PE, and from 5 to 20 mol%
PS in the presence of 40 mol% PE (with the balance of the phospholipid being
PC). Decreasing the PS content steepened the response curve for Factor VIl
and Factor X, but had no effect on the slope of the response curve for Factor
Il (see Figure 10). Note that in the absence of PE, limiting PS had greater
impact on the slope of the response curve for Factor VIl at PS levels <20%,
while the impact was greater on the response curve for Factor X when the PS
level was>20%. In the presence of PE, decreasing PS steepened the slopes
of the response curves for both Factor VIl and Factor X over the entire range
of PS evaluated. Although the slope of the response curve for Factor II
deficiency was unchanged, the position of the curve was shifted upward by
decreasing PS. As shown in Figure 10, in these reagents the remainder of
the phospholipid was either PC (gray circles, (A), (C) and (E)); or 40 mol% PE
plus sufficient PC to make 100% (black triangles, (B), (D) and (F)). Mol% PS
contents are 5% (long dash); 10% (short dash); 15% (dash dot, dot); 20%
(dot); 30% (dash dot); 40% (solid line). Similar data was collected from three
separate synthetic thromboplastin preparations, each of which was prepared
from three separate relipidations of rTF. For simplicity, curves from a single
experiment are shown.

[053] Sensitivity to Factor VII Deficiency (Figure 10, (A) and (B))
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[054] Changes in the amount of PS included in the relipidation had a
small effect on the position and slopes of the response to decreased amounts
of Factor VII. Decreasing the relative mol% of PS, both in the absence and
the presence of PE, shifted the response curve upward, and indicated a more
significant prolongation of the PT by Factor Vil deficiency. The slope of the
response of the reagents to Factor VIl deficiency was also steeper as PS
content was decreased, indicating that lower amounts of PS can result in a
reagent with greater ability to distinguish between minor shifts in activity of
Factor VII. In the presence of PE the response curves were less steep than in
the absence of PE. When PE was absent, alteration of the PS content had a
more profound effect on the slope of the response curve than when PS
content was <20 mol%. When PE was absent, PS contents above 20 mol%
failed to impact the slope of the response curve to any significant degree.

[055] Sensitivity to Factor X Deficiency (Figure 10, (C) and (D))

[056] Changes in the amount of PS included in the relipidation also
had a small impact on the position and slopes of the response to decreased
amounts of Factor X. Decreasing the relative mol% of PS, both in the
absence and the presence of PE, also shifted the Factor X response curve
upward. This change in curve position was similar to the effect on Factor VII
response curves in the presence of 40 mol% PE, but the response to Factor X
deficiency was less profound in the absence of PE than was the response to
Factor VIl deficiency. As was noted for Factor VII, the slope of the response
to Factor X deficiency was steeper as PS content was decreased. In the
absence of PE the response curves were generally steeper than in the
presence of PE. In the absence of PE, PS contents below 20 mol% failed to
impact the slope of the response curve to any significant degree.

[057] Sensitivity to Prothrombin Deficiency (Figure 10, (E) and (F))

[058] Changes in PS content most significantly impacted response to
prothrombin deficiency. Decreasing the amount of PS shifted the position of
the response curve describing PT prolongation upward, but the slope of the
curve was unchanged. The relationship between PS content and position of

the response curve was similar in the presence of 40 mol% PE, but the shift in
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curve position was more profound relative to the change in PS content. The
lack of impact on the slope of the response curve to changes in PS content
results in a similar relative sensitivity to any specific degree of prothrombin
deficiency for all of the reagents, regardless of the PS content. However, the
minimal level of prothrombin deficiency required to prolong the PT (PTR
greater than 1) is markedly shifted by changes in PS content. Lower levels of
PS cause the PT to be prolonged at higher percent of normal factor level.

[059] lonic strength

[060] Yet another variable that can be readily controlled in
thromboplastin reagents is ionic strength, which we investigated by varying
the NaCl concentration. As can be seen in Figure 2, relative 1S| values of
synthetic thromboplastin preparations varied nearly linearly according to NaCl
concentration over a range of 15 to 100 mM NaCl. The effect of ionic strength
on IS] was evaluated for three different synthetic thromboplastin reagents,
containing 10, 20 or 30 mol% PS. Increasing the NaCl concentration
decreased the relative S| value for each type of thromboplastin. As can be
seen from the inset to Figure 2, the slopes of the lines describing these
relationships varied according to the level of PS in the reagent, showing that
the ISI values of synthetic thromboplastin reagents became more sensitive to
NaCl concentration as PS content increased. Overall, however, the impact of
NaCl concentration on 1S| was smaller than the much more dramatic impact of
phospholipid composition on 1SI. As shown in Figure 2 I1SI values were
determined for synthetic thromboplastins made with rTF that had been
relipidated into vesicles containing 10 mol% PS (A), 20 mol% PS (m), or 30
mol% PS (e); the remainder of the phospholipid being PC (shown are the final
NaCl concentrations in the reagents after mixing with the CaCl; solution).
Inset: The slopes of the lines varied according to the level of PS in the
reagent, showing that the ISl values of synthetic thromboplastin reagents
became more sensitive to NaCl concentration as PS content increased. Data

points represent mean (+ standard error) of relative ISI determinations from
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three separate synthetic thromboplastin preparations, each of which were
prepared from three separate relipidations of rTF.

[061] To evaluate the impact of ionic strength on individual factor
sensitivity, we varied the NaCl concentration in the thromboplastin reagents
from 10 to 150 mM. These experiments were performed by diluting rTF
relipidated into vesicles containing PC: PS at a molar ratio of 80:20. As
shown in Figure 11, in these reagents the phdspholipid composition was 20
mol% PS and 80 mol% PC, while NaCl in the final reagent (after addition of
the CaCl,) was 10 mM (dot); 25 mM (dash dot, dot); 50 mM (short dash); 75
mM (long dash); 100 mM (dash dot); and 150 mM (solid line). Similar data
was collected from three separate synthetic thromboplastin preparations,
each of which was prepared from three separate relipidations of rTF. For
simplicity, curves from a single experiment are shown.

[062] Sensitivity to Factor VII Deficiency (Figure 11A)

- [063] Varying the NaCl concentration in the prepared thromboplastin
reagent had no apparent effect on the reagent's response to Factor VII
deficiency.

[064] Sensitivity to Factor X Deficiency (Figure 11B)

[065] Varying the NaCl concentration in the prepared thromboplastin
reagent had a minor effect on the position and slope of the response curves
describing response of the reagents to Factor X deficiency. Increasing NaCl
content shifted the position of the response curve upward (indicating greater
prolongation of PT at any given level of Factor X) and steepened the slope of
the response curve (indicating greater relative sensitivity to any change in
Factor X activity). However, the effect of changes in NaCl concentration on
Factor X response curves was minor.

[066] Sensitivity to Factor Il Deficiency (Figure 11C)

[067] Varying the NaCl concentration in the prepared thromboplastin
reagent had the most profound effect on the response curves describing
response of the reagents to Factor Il deficiency. Increasing NaCl content

markedly steepened the slope of the response curve. Higher NaCl
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concentration resulted in reagents with greater relative sensitivity to any
change in level of Factor Il.

[068] Factor Response and Relationship to ISI and INR
[069] Because ISl is currently the accepted overall measure of a
- thromboplastin reagent’s response to deficits in the coagulation factors of the

extrinsic pathway, we wanted to relate the response curves described above
to the ISI's measured for each reagent. The response curves represent
variable responses of 2 types: relative importance of the individual factor at
any given percent of normal level, and slope of the response. Because the
slopes are variable, in some cases there would be a more profound difference
between the response to comparable depletion of the three vitamin K
dependent factors when factor levels were lower rather than when factor
levels were higher. We chose to compare the reagents at a specific level of
factor activity, by comparing the PTR at 10% of each individual factor and the
PTR at 1% of each individual factor determined from the regression line.

[070] As would be expected, lower. IS] reagents responded more
significantly at 10% normal factor level for all 3 factors than did higher ISI
reagents, regardless of the composition of the reagent. However, the relative
sensitivity between Factor VI, Factor X, and Factor Il to 10% normal factor
level was markedly different depending on the reagent composition. When
the reagent ISI is adjusted to IS| about 1.0 by decreasing the amount of net
negatively charged phospholipids, at 10% factor levels the relative emphasis
on response to factor depletion is similar for all 3 factors (slightly greater for
Factor X). However, adjustment of the ISI to about 1.0 by changing the NaCl
content in the reagent results in a reagent with greatest sensitivity to Factor X,
followed by Factor Il, and lastly by Factor VII.

[071] The differences in response to the various factors is further
magnified at 1% of normal factor level. In reagents made with variable PS
content in the absence of PE (Fig 3B), decreasing the ISI resulted in greater
response to all 3 factors. However, the lowest ISI reagents emphasized

response to Factor VIl over that to Factor X, whereas response to Factor X
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was emphasized in reagents of higher relative 1S|. Reagents of relative 1SI of
about 1.0 responded most significantly to Factor X, followed closely by Factor
VII, and then responded to a much lesser degree to Factor Il.

[072] In reagents made with variable PS content in the presence of 40
mol% of PE (Fig 3A), decreasing the ISI (by decreasing the PS content)
resulted in additional emphasis on response to Factor Il and to a lesser extent
on Factor VII. The measured PTR at 1% Factor Il with a reagent of IS1 1.0
would be more than double that measured with a reagent of relative ISI 1.8.
Furthermore, as was seen for reagents made without PE, the lowest ISI
reagents actually responded more significantly to 1% normal level of Factor
VIl than to an identical level of Factor X, whereas response to Factor X was
relatively more 'important in reagents of higher relative ISI. However, reagents
of relative ISI of about 1.0 responded similarly to all 3 factors, with order of
level of response of Factor VII>Factor X>Factor Il.

[073] In reagents made with variable NaCl content (Fig 3C), a lower
IS| was associated with a higher response Factor X and Factor Il, but
essentially no change in response to Factor VII. The change in Factor II
response was quite profound over the range of salt content evaluated. The
low 1S (from high salt) of these reagents is due to a drastic increase in
response to Factor Il deficiency. Reagents of relative ISI of about 1.0
responded most significantly to Factor X, followed closely by Factor II, and
then Factor VII.

[074] In Figure 3, panel B describes reagents made by varying PS
content in the absence of PE and diluted in buffer containing 100 mM NaCl;
panel A describes reagents in the same buffer, but made by varying PS
content in the presence of 40% PE; and panel C describes reagents made
with 20 mol% PS but variable NaCl content in the suspension buffer.
Measured PTR in response to depletion of Factor VIl (gray circles), Factor X
(black circles) and Factor I (white circles) is reported. Data points represent
mean (z standard error) from three separate synthetic thromboplastin
preparations, each of which were prepared from three separate relipidations
of ITF.
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[075] Effect of addition of Factor Vlla to thromboplastins

[076] Initial experiments employed TF relipidated into vesicles
containing 20 mol% PS; 80 mol% PC suspended in TBSA containing 100 mM
NaCl (50 mM final NaCl after the addition of 25 mM CacCl, to the reagent).
Factor Vlla was added to the reagents at levels of 4-1000 pM. Response
curves for the three vitamin K dependent factors are reported in Figure 5.

[077] As expected, Factor Vlla spiking decreased response of the
reagents to deficiency of Factor VII (Figure 5a). The negative élope of the
response curve gradually decreased as Factor Vlla levels were increased,
until the negative slope was essentially 0, indicating no prolongation of the PT
despite worsening Factor VIl deficiency in the plasma samples evaluated
(Figure 6a). At Factor Vila levels greater than 200 pM in the reagent,
response to worsening Factor VIl deficiency was essentially completely
eliminated. This indicates that even for samples with profound Factor VII
deficiency, the PT would not be significéntly prolonged to a PTR above 1.0
(Figure 6b).

[078] Interestingly, addition of Factor Vlla to the reagent also had an
impact on response to Factor X. Addition of Factor Vlla decreased response
to Factor X, but to a less profound degree than for the response to Factor Vil
(Figure 5b). Any addition of Factor Vlla lessened the responsiveness of the
reagent to Factor X deficiency, but small amounts (<40 pM) markedly
decreased the negative slope of the response curve and higher amounts
(>100 pM Factor Vlla) had a less profound effect on the curve (Figure 6a).

[079] Addition of Factor Vlla to the reagent had the opposite effect on
response to prothrombin deficiency, with increasing amounts of Factor Vila
resulting in a mildly increased responsiveness to prothrombin deficiency
(Figures 5¢c and 6a).

[080] Additional experiments using TF relipidated into vesicles
containing 10 mol% PS; 40 mol% PE; 50 mol% PC suspended in TBSA
containing 100 mM NaCl (50 mM final NaCl after the addition of 25 mM CaCl,
to the reagent) resulted in factor response curves similar to those obtained
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with reagent containing 20 mol% PS. The impact of various levels of Factor
Vlla added to the reagent was similar (data not shown).

[081] When the thromboplastin reagent was made with 20 mol% PS
but the NaCl concentration in the suspension buffer was changed to either 25
mM or 250 mM (12.5 mM or 125 mM after the addition of 25mM CaCl, to the
reagent), the impact of spiking the reagent with Factor Vila was different than
for a reagent containing a more physiologic salt concentration. As compared
to reagents made with 100 mM NaCl (50 mM after the addition of 25 mM
CaCl, to the reagent), spiking reagents containing the low salt concentration
with Factor Vlla had a less profound impact on response to Factor Vil and
minimized the effects of Factor Vlla addition on response to Factor X and
prothrombin (Figures 7 and 8). As compared to reagents made with 100 mM
NaCl, spiking reagents containing the high salt concentration with Factor Vila
had a less profound impact on response to Factor Vi, a reversed impact on
response to Factor X (adding Factor Vlla increased rather than decreased
responsiveness) and no impact on response to prothrombin (Figures 4 and 9).

EXPERIMENTAL DETAILS

[082] Purified egg phosphatidylcholine (PC), bovine brain
phosphatidylserine (PS), and bovine liver phosphatidylethanolamine (PE)
from Avanti Polar Lipids (Alabaster, AL) were stored in chloroform under
nitrogen at -200C. Octaethylene glycol monododecyl ether (C12E8) was from
Fluka (Sigma-Aldrich, St. Louis, MO); HEPES and bovine serum albumin
were from Calbiochem (La Jolla, CA); and Bio-Beads® SM-2 were from Bio-
Rad (Hercules, CA). Citrated normal human plasma pooled from 31
individuals (16 men and 15 women, aged 18-56 years) and individual plasmas
from patients treated with COUMADIN® (spanning a range of INR values)
were obtained from George King Biomedical (Overland Park, KS). Plasma
immunodepleted of individual coagulation Factors Il, VIl, and X was obtained
from Biopool International (Ventura, CA). Hemoliance RecombiPlasTin was
from Instrumentation Laboratory (Lexington, MA). Recombinant human

Factor Vlla was obtained from American Diagnostica (Stamford, CT).
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[083] The commercially-available, recombinant human thromboplastin
reagent used in this study was Hemoliance RecombiPiasTin (Instrumentation
Laboratory, Lexington, MA), lot number N092867, which was reconstituted
and used according to the manufacturer’s instructions. According to the
manufacturer, the 1SI for this lot of thromboplastin was 0.94 for the type of
coagulometer used in this study.

[084] Recombinant, membrane-anchored human tissue factor (rTF)
was expressed in E. coli and purified essentially as previously described [11].
This version of rTF consists of amino acids 1-244 [12], which includes the
entire extracellular and tfransmembrane domains, and the first two amino
acids of the cytoplasmic domain. It also has a short peptide epitope
(AEDQVDPRLIDGKS) on its amino terminus for affinity purification using
immobilized HPC4 antibody. Numerous experiments have shown that the
presence of this short peptide on the amino terminus has no effect on rTF
function [13].

[085] Determination of relative IS/

[086] The method recommended by the WHO for determining ISI
values of thromboplastins involves the comparison of clotting times
(measured by the manual tilt-tube method) obtained with a WHO reference
thromboplastin and clotting times obtained with the test thromboplastin, for a
collection of freshly isolated plasmas from sixty patients stably anticoagulated
on COUMADIN® and twenty normal individuals [5]. A log-log plot of clotting
times is then prepared for each thromboplastin and the IS value is derived
from the slope of the orthogonal regression line from this plot, multiplied by
the 1SI value of the reference thromboplastin [5]. Due to the complexity of this
procedure, some investigators have successfully used a simplified approach,
using a smaller number of lyophilized plasmas, for determining 1SI values of
thromboplastin reagents [15]. Since our investigations have necessitated the
determination of many hundreds of ISl values for our synthetic thromboplastin
reagents, neither the full WHO method nor the more simplified method were

practical. We therefore developed a further simplified method for determining
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what we have termed “relative ISI” values. In this method, we have used a
commercial thromboplastin of known ISI (RecombiPlasTin) as the reference
thromboplastin, and have used frozen plasma samples consisting of pooled
normal plasma and plasmas from five patients who are anticoagulated with
COUMADIN® and who have a distribution of INR values. Orthogonal linear
regression of log-log plots of the clotting times obtained with the two
thromboplastins are then multiplied by the ISI value of the reference
thromboplastin, yielding the “relative 1SI” value. While these relative ISI
values may not be precisely the same as IS values obtained using the WHO
method, we have found that they are sufficient to indicate how IS values vary
in synthetic thromboplastin reagents. It should be noted that “relative I1SI” as
determined by this method is not identical to ISI determined by the WHO
method and should not be used for management of patients receiving
anticoagulant medication. The absolute ISI value of the thromboplastin
reagent should be determined by the WHO approved method.

[087] Reconstitution of rTF into vesicles

[088] Reconstitution of rTF into phospholipid vesicles was by the rapid
Bio-Bead method as previously described [14]. Reconstitution was by the
“Standard Method” described therein, using 10 mM C2Es to initially dissolve
the phospholipids, with the following variations: Some relipidations employed
variable proportions of PC, PE and PS, although the total phospholipid
concentration was held constant at 2.6 mM; and some relipidations employed
variable concentrations of rTF. Unless otherwise stated, relipidated rTF
preparations contained these final concentrations: 300 nM rTF, 2.6 mM total
phospholipids, 20 mM HEPES-NaOH pH 7.5, 25-250 mM NaCl, 0.02% NaNs.
The typical molar ratio of phospholipid to rTF in the final product was therefore
approximately 8700:1. Relipidated rTF preparations were stored at 4° C.

[089] Synthetic thromboplastin reagents were prepared by first diluting
relipidated rTF with TBSA, yielding r'TF concentrations that ranged from
2.7 nM to 103 nM. (TBSA =50 mM Tris-HCI pH 7.4, 25-250 mM NaCl, 0.1%
bovine serum albumin, 0.02% NaN3.) Diluted rTF preparations were then
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mixed with equal volumes of 25 mM CaCl; and used in the clotting assay. For
each synthetic thromboplastin, the concentration of relipidated rTF was
chosen to yield a 12-15 s clotting time with pooled normal plasma. When this
was not possible, the dilution yielding the shortest achievable clotting time
with pooled plasma was chosen. In some experiments reagents were spiked
with variable concentrations of purified recombinant Factor Vila.

[090] Clotting assay

[091] Prothrombin Time (PT) clotting assays were typically performed
using an ST4 coagulometer (Diagnostica Stago, Parsippany, NJ). A 50 pL
plasma sample was incubated in a cuvette for 2 min at 37° C, after which
clotting was initiated by adding 100 pL pre-warmed (37° C) thromboplastin
reagent, and the time to clot formation was measured. PT assays were

typically performed in duplicate for each sample.

[092] Determination of relative ISI

[093] For each thromboplastin preparation to be tested, clotting times
were determined by PT assay for pooled normal plasma and for plasma
samples from five different patients who were anticoagulated with
COUMADIN®. The reference thromboplastin was RecombiPlasTin, while the
test thromboplastins were various formulations of synthetic thromboplastins
described above. A log-log plot was prepared of clotting times obtained with
reference thromboplastin (y-axis) versus clotting times obtained with test
thromboplastin (x-axis), and a line was fitted to the data points by orthogonal
regression using SigmaPlot (SPSS, Chicago, IL). The relative ISI of the test
thromboplastin was defined as the slope of the orthogonal regression line
multiplied by 0.94, which was the ISI of this lot of RecombiPlasTin.

[094] Patient plasmas

[095] INR values for the plasmas of patients who were anticoagulated
with COUMADIN® were determined using RecombiPlasTin, by dividing the
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clot time of the patient sample by the mean clot time of 20 normal plasmas,
and raising the ratio to a power of 0.94. (Table 2)

[096] Patient samples were further evaluated by measuring their
levels of individual clotting factors. To produce standards, pooled normal
plasma was diluted into imidazole buffer (50 mM imidazole, 100 mM NacCl,
pH 7.4) to 0.5 to 20% of normal. Patient samples were diluted 5-, 10-, and
20-fold in imidazole buffer. A 50 uL diluted plasma sample or standard was
added to 50 pL factor deficient plasma (Factors VII, X, V, and Il) and
incubated in a cuvette for 2 min at 37° C, after which clotting was initiated by
adding 100 pL pre-warmed RecombiPlasTin reagent, and the time to clot
formation was measured. Assays were performed in duplicate for each
sample. A log-log plot was prepared of clotting times (y-axis) versus % factor
(x-axis), and a line was fitted to the data points by linear regression using
SigmaPlot. Factor levels as a percent of normal were determined in reference
to the standard curve. Fibrinogen levels were determined using Fibrotek Fib
(r diagnostics, South Bend, IN).

[097] Table 2
[098] Properties of the plasma samples from patients on
COUMADIN® that were used to determine relative 1SI.

Individual clotting factor levels*

Factor  Factor Factor Fibrinogen
Patient  INR VI x  Prothrombin (mg/dL)
1 3.03 481 26.7 36.6 114.5 537
2 3.17 20.4 21.1 17.4 74.5 1160
3 4.44 9.4 5.7 5.7 107.7 308
4 4.87 9.8 4.2 4.1 82.0 269
5 5.56 141 4.0 6.5 114.5 592
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*The levels of individual clotting factors (except for fibrinogen) are
reported as percent of the level in pooled normal plasma.

[099] Clotting assay for evaluation of response to factor deficits

[0100] Pooled normal plasma was diluted into factor deficient plasma to
result in samples containing 10%, 3%, 1%, and 0.3% normal factor levels. PT
clotting assays were performed using an ST4 coagulometer (Diagnostica
Stago, Parsippany, NJ). A 50 pL plasma sample was incubated in a cuvette
for 2 min at 37°C, after which clotting was initiated by adding 100 pL of pre-
warmed thromboplastin reagent, and the time to clot formation was measured.
PT assays were performed in duplicate for each sample.

[0101] A prothrombin time ratio (PTR) was determined by dividing the
PT for the factor deficient sample by the PT for pooled normal piasma (100%
factor) obtained with the same thromboplastin reagent. A log-log plot was
then prepared of PTR (y-axis) versus the percent normal factor level (x-axis).
A line was fitted to the data points by linear regression using Sigma Plot
(SPSS, Chicago, IL). The response of each thromboplastin to a given factor
deficiency (a representation of the position of the regression line) was
evaluated by comparing the PTR at 1% factor determined from the regression

line.
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Claims

1. A thromboplastin reagent, comprising:
(@) TF,
(b) FVII, and

(c) a net negatively charged phospholipid,
wherein the thromboplastin reagent is a synthetic thromboplastin
reagent, and

the thromboplastin reagent is in dried form.

2, The thromboplastin reagent of any of the preceding claims,
further comprising Ca?*.

3. The thromboplastin reagent of any of the preceding claims,
further comprising PS.

4. The thromboplastin reagent of any of the preceding claims,
further comprising at least one alkali metal salt.

5. The thromboplastin reagent of any of the preceding claims,
having an ISI of at most 1.5.

6. The thromboplastin reagent of any of the preceding claims,
having an ISI of 0.8 to 1.5.

7. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.5.

8. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.2.

9. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor Il of at least 2.

10.  The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor Il of at [east 5.
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11.  The thromboplastin reagent of any of the preceding claims,
wherein the TF is rTF.

12.  The thromboplastin reagent of any of the preceding claims,
wherein the FVII is human Factor Viia.

13.  The thromboplastin reagent of any of the preceding claims,
wherein the FVII is present in an amount of at least 150 pM Factor Vila
equivalents.

14.  The thromboplastin reagent of any of the preceding claims,
wherein the FVII is present in an amount of at least 200 pM Factor Vlla

equivalents.

15. A thromboplastin reagent, comprising:

(a) TF,

(b) FVII, and

(c) a net negatively charged phospholipid,

wherein the thromboplastin reagent is a synthetic thromboplastin
reagent, and

the thromboplastin reagent does not comprise Factor Il nor
Factor X.

16.  The thromboplastin reagent of any of the preceding claims,
further comprising Ca?".

17.  The thromboplastin reagent of any of the preceding claims,
further comprising PS.

18.  The thromboplastin reagent of any of the preceding claims,
further comprising at least one alkali metal salt.

19.  The thromboplastin reagent of any of the preceding claims,
having an IS| of at most 1.5.
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20.  The thromboplastin reagent of any of the preceding claims,
having an 1SI of 0.8 to 1.5.

21.  The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.5.

22.  The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.2.

23.  The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor Il of at least 2.

24.  The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor Il of at least 5.

25.  The thromboplastin reagent of any of the preceding claims,
wherein the TF is rTF.

26.  The thromboplastin reagent of any of the preceding claims,
wherein the FVII is human Factor Vlla.

27. The thromboplastin reagent of any of the preceding claims,
wherein the FVIIi is present in an amount of at least 150 pM Factor Vlla

equivalents.

28.  The thromboplastin reagent of any of the preceding claims,
wherein the FVII is present in an amount of at least 200 pM Factor Vlla

equivalents.

29. A thromboplastin reagent, comprising:
(a) TF,
(b) 1-1000 pM Factor Vlla equivalents of FVII, and
(c) a net negatively charged phospholipid,
wherein the thromboplastin reagent is a synthetic thromboplastin
reagent.
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30. The thromboplastin reagent of any of the preceding claims,
further comprising Ca?*.

31.  The thromboplastin reagent of any of the preceding claims,
further comprising PS.

32. The thromboplastin reagent of any of the preceding claims,

further comprising at least one alkali metal salt.

33.  The thromboplastin reagent of any of the preceding claims,
having an 1SI of at most 1.5.

34. The thromboplastin reagent of any of the preceding claims,
having an ISI of 0.8 to 1.5.

35. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.5.

36. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.2.

37. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor Il of at least 2.

38. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor Il of at least 5.

39. The thromboplastin reagent of any of the preceding claims,
wherein the TF is rTF.

40. The thromboplastin reagent of any of the preceding claims,

wherein the FVII is human Factor Vlla.

41. The thromboplastin reagent of any of the preceding claims,
wherein the FVII is present in an amount of at least 150 pM Factor Vila

equivalents.
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42.  The thromboplastin reagent of any of the preceding claims,
wherein the FVII is present in an amount of at least 200 pM Factor Vlla

equivalents.

43. A thromboplastin reagent, comprising:
(a) rTF,
(b) atleast 150 pM Factor Vlla,
(c) PC,
(d) PS, and
(e) Ca*,
wherein the thromboplastin reagent has an IS of at most 1.5,
a PTR for 1% Factor VIl of at most 1.5, and
a PTR for 1% Factor |l of at least 2.

44. The thromboplastin reagent of any of the preceding claims,

further comprising at least one alkali metal salt.

45.  The thromboplastin reagent of any of the preceding claims,
having an IS| of at most 1.2.

46. The thromboplastin reagent of any of the preceding claims,
having an ISl of 0.8 to 1.5.

47. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.2.

48. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor 1l of at least 5.

49. The thromboplastin reagent of any of the preceding claims,
wherein the Factor Vlla is human Factor Vila.

50. The thromboplastin reagent of any of the preceding claims,
wherein the Factor Vlla is present in an amount of at least 200 pM.
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51.  The thromboplastin reagent of any of the preceding claims,
wherein the thromboplastin reagent is in dried form.

52. The thromboplastin reagent of any of the preceding claims,
having a PTR for 1% Factor VIl of at most 1.2, and a PTR for 1% Factor Il of
at least 5,

wherein the Factor Vlla is human Factor Vlla, and

the Factor Vlla is present in an amount of at least 200 pM.

53. A method of administering an anticoagulant drug, comprising:
administering an anticoagulant drug to a patient in need thereof;
and
measuring the time to clot formation of the patient’s plasma

mixed with the thromboplastin reagent of any of the preceding claims.

54. A method of administering an anticoagulant drug, comprising:
administering an anticoagulant drug to a patient in need thereof;
and
measuring the time to clot formation of the patient’s plasma

mixed with the thromboplastin reagent of any of the preceding claims.

55. A method of making a thromboplastin reagent, comprising:
adding FVII to a synthetic thromboplastin reagent; and
drying the thromboplastin reagent.

56. The method of any of the preceding claims, wherein the dried

thromboplastin reagent has an ISI of at most 1.5.

57. The method of any of the preceding claims, wherein the dried
thromboplastin reagent has an IS! of 0.8 to 1.5.

58. The method of any of the preceding claims, wherein the dried
thromboplastin reagent has a PTR for 1% Factor VIl of at most 1.5.
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59.  The method of any of the preceding claims, wherein the dried
thromboplastin reagent has a PTR for 1% Factor VI of at most 1.2.

60. The method of any of the preceding claims, wherein the dried
thromboplastin reagent has a PTR for 1% Factor Il of at least 2.

61.  The method of any of the preceding claims, wherein the dried
thromboplastin reagent has a PTR for 1% Factor |l of at least 5.

62. The method of any of the preceding claims, wherein TF present
in the thromboplastin reagent is rTF.

63. The method of any of the preceding claims, wherein the FVIl is

human Factor Vlla.

64. The method of any of the preceding claims, wherein the FVIl is

added in an amount of at least 150 pM Factor Vila equivalents.

65. The method of any of the preceding claims, wherein the FVII is
added in an amount of at least 200 pM Factor Vlla equivalents.

66. A method of changing the ISI of a thromboplastin reagent,

comprising adding FVII to a thromboplastin reagent.

67. The method of any of the preceding claims, further comprising

changing the ionic strength of the thromboplastin reagent.

-34.-



WO 2006/031387

PCT/US2005/029873

1.8

1.6 1

1.4

Relative ISI
o

1.0 1
0.8
0.6 -
0 5 10 15 20 25 30
Mol% PS
Fig.1
2%
1.8 130% Ps & N

— 1.6 - go 3'0
Q Mol% PS
-->- i~—
E o
% 1.2 i“j“‘
o 4 i“*i--»

1.0 110% Ps

....... t!
N R e o
0.01 0.04 0.07 0.10
NaCl (M)

Fig.2



WO 2006/031387

PTR at 1% Factor PTR at 1% Factor

PTR at 1% Factor

219

PCT/US2005/029873

Variable PS 40% PE

=

O FI
@ FVII
® FX

Varlable PS no PE

1
L} T T Ll

%rabe NaCl with 20% PS

0.8 1.0 1.2 1.4 16 1.8
Relative ISI

Fig.3



WO 2006/031387

PTR at 1%Factor PTR at 1%Factor

PTR at 1%Factor

319

PCT/US2005/029873

12.5 mM NaCl

a Fll
a FVII
A FX

R A D e ———— — ]
o 1 2 3 4 ; 6
[Vila] ng/ml
50 mM NaCl
0
¥ w n ]
—{—
0 1 2 3 4 6
[Vlla] ng/ml
125 mM NaCl
-0-—-0 -0~
\‘\\.
""\\;§‘§ ~~~~~~~~~~
. _—
b\\
O
————o

3 4
[Vlla] ng/ml

Fig.4



WO 2006/031387 PCT/US2005/029873

419

——&—— 0 pM FVlla
....... Oreseeee 4 pM FVlla
—=-¥-—= 10 pM FVlia
—crekBoamee 20) pM FVila
~ ~i& ~— - 40 pM FVlla
~—+==-= 100 pM FVlia
— —&——- 200 pM FVlla
——— 400 pM FVlla
....... Aeeceees 1 nM FVlla

W U1 O NCW0O

PTR

N

PTR

PTR

0.3 1 FlI% 3 10



WO 2006/031387

5/9

PCT/US2005/029873

)
e Al |—e— e
8 WO VI
—y— FX
)
y— 0N
o c — e
o S
2 a
S a
20
(R4
>
Ege
50
o= P,
Z 0 ———"——
O —"—'“—
|
e
3]
®
LL T Y 0—
600 800 1000
FVlla (pM) Added to Reagent
= B —e— Fll
L 5 weiOee FVI
= —v~ FX
o @
[elN ]
© £
© 4
LL
- £
e
— 4= ]
et 'o h
SRR P
v v T«
=E 9 N\
[ T \\
9 2-6 \
O i N IR, 4
o |o AN ———
o....o N
------ O ervrnnnenn.,
1 L ."? L} Ld ?

800

FVlla (pM) Added to Reagent

Fig.6



WO 2006/031387 PCT/US2005/029873

6/9

e
&

o
NN
L

@
w
]

Negative Slope of
Factor Deficiency Response Curve

PTR at 1% Factor
Determined from Linear Fit

60 80 100

FVlla (pM) Added to Reagent

Fig.7




WO 2006/031387 PCT/US2005/029873

719

Negative Slope of
Factor Deficiency Response Curve

PTR at 1% Factor
Determined from Linear Fit

0 v L) L} T
0 20 40 60 80 100

FVlla (pM) Added to Reagent

Fig.8



WO 2006/031387

PTR at 1% FVII

PTR at 1% FX

PTR at 1% Fli

8/9

PCT/US2005/029873

—_—
_—
—_——.

12.5 mM NaCl
50 mM NaCl
125 mM NaCl

B
e —
______________________ .g____..
2 4
1 T y T T T
0 10 20 30 40 50
FVila pM
¢
4 (m ]
ju)
\\‘A.
3 1 S~
L A————]
24
1 T T T T T
0 10 20 30 40 50
FVila pM

Fig.9



WO 2006/031387 PCT/US2005/029873

9/9

o
o

o W

10 20 30 404
Mol% PS 1

p=)
S

484000

Negative Slope
o J
S

4
B0 0]
R4
4 /
4
Negative Slope

. .
.
] g
2
[Z]

N 20,
Sa £
‘e g
- £

o
.
.

0 10 20 30 40}
Mol% PS

0.2
0 1 20 30 40
Mol% PS

PTR
N who o

\"-\O
'\Q.\\\
1 A N C SO N
\\
81 A A
5 -; .:k\\ N \* \
o . \\‘ SOS N\ N
—4 AN \i\ A\ N
*3r LN i* A'"\\(\ '
, ‘\\ "B AR N

FVII % FX % FIl %

2 a 1 g
10 ém éo.«s JD_Q_D—D—’D" %0.4
2™ Pgooo0—o ) g N £
3 N ¢ N
5t zoz \ 02 . NN 02
4} 005 040 015 N 005 010 015 005 010 045
II NaCl {M) T NaCl (M) T ‘:;R\ “\ NaCl (M)
e 3t 4 RN
o \ 1N
2 5
1A B C

03 1 3 10 03 1 3 10 03 1 3 10
% FVII % FX % FIl

Fig.11



INTERNATIONAL SEARCH REPORT

Intarnational application No

T/US2005/029873

A. CLASSIFICATION OF SUBJECT MATTER
GO1N33/86 ‘CO7K14/745

According to International Patent Classification (IPG) or to both national classification and IPC

B. FIELDS SEARCHED

Mintmum documeniation searched (classification system followed by classificalion symbols)

GOIN CQ7K

Documentation searched other than minimum documentation to the exient that such documents are included n the fields searched

EPO-Internal, WPI Data, PAJ, EMBASE, BIOSIS

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Cration of document, with indication, where appropniate, of the relevant passages Refevant to claim No.

A EP 0 942 284 A (DADE BEHRING MARBURG GMBH) 1-52,
15 September 1999 (1999-09-15) 55-67
the whole document

A US 2002/182225 A1 (WANG JIANFANG ET AL) 1-52,
5 December 2002 (2002-12-05) 55-67
the whole document

A WO 98/44352 A (IMMUNO AKTIENGESELLSCHAFT; 1-52,
MORITZ, BERTA; VARADI, KATALIN; LANG, 55-67
HARTM) 8 October 1998 (1998-10-08)
the whole document

A EP 0 727 434 A (IMMUNO AKTIENGESELLSCHAFT; 1-52,
BAXTER AKTIENGESELLSCHAFT) 55-67
21 August 1996 (1996-08-21)
the whole document

- /__

Further documents are hsted in the continuation of Box C.

See patent family annex.

* Special categories of cited documents

*A* document defining the general state of the an which is not
considered to be of particular relevance

*E* earlier documeni but published on or after the international
filing date

‘L* document which may throw doubts on priority clam(s) or

which 1s cited to establish the publication date of another
citation or other special reason (as specified)

*O* document referring 1o an oral disclosure, use, exhibition or
other means

"P* document published prior to the international filing date but
later than the prionty date claimed

*T* later document published afer the mlernational filing date
or prionty date and not in conflict with the application but
caited 1o understand the principfe or theory underlying the
invention

*X* document of particular relevance, the claimed invention
cannot be considered hove! or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance, the claimed mvention
cannot be considered to involve an mnventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious 1o a person skilled
mthe art.

*&' document member of the same patent tamily

Date of the actual completion of the international search

16 February 2006

Date of mailing of the intemational search report

01/03/2006

Name and mailing address of the ISA/
European Patent Office, P B. 5818 Palentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax (+31-70) 340~3016

Authorized officer

Vanhalst, K

Form PCT/1SA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

/US2005/029873

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant 1o claim No

A

WO 93/07492 A (BAXTER DIAGNOSTICS INC)
15 April 1993 (1993-04-15)

the whole document

US 6 733 985 B1 (LEE TED C. K)

11 May 2004 (2004-05-11)

the whole document

US 4 416 812 A (BECKER ET AL)

22 November 1983 (1983-11-22)

the whole document

US 2002/012958 Al (WISSEL THOMAS ET AL)
31 January 2002 (2002-01-31)

the whole document

US 5 741 658 A (MORRISSEY ET AL)

21 April 1998 (1998-04-21)

the whole document

BARROWCLIFFE T W ET AL: "STUDIES OF
PHOSPHOLIPID REAGENTS USED IN COAGULATION
I: SOME GENERAL PROPERTIES AND THEIR
SENSITIVITY TO FACTOR VIII"

THROMBOSIS AND HAEMOSTASIS, STUTTGART, DE,
vol. 46, no. 3, 1981, pages 629-633,
XP000991384

ISSN: 0340-6245

the whole document

DATABASE BIOSIS ‘Online!

BIOSCIENCES INFORMATION SERVICE,
PHILADELPHIA, PA, US;

November 2004 (2004-11),

SMITH A ET AL: "Properties of recombinant
human thromboplastin that determine
sensitivity to vitamin K-dependent
coagulation factors.™

XP002368201

Database accession no. PREV200510268506
abstract

& BLOOD,

vol. 104, no. 11, Part 1,

November 2004 (2004-11), page 155A,
46TH ANNUAL MEETING OF THE
AMERICAN-SOCIETY-OF-HEMATOLOGY; SAN DIEGO,
CA, USA; DECEMBER 04 -07, 2004

ISSN: 0006-4971

1-52,
55~67

1-52,
55~67

1-52,
55-67

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




ternational application No.

INTERNATIONAL SEARCH REPORT PCT/US2005/029873

Box Il Observations where certain claims were found unsearchable (Contindation of item 2 of first sheet)

This Internationaf Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Clasms Nos.:

53-5
because they relate to subject matter not required to be searched by this Authority, namely:

Although claims 53and 54 are directed to a method of treatment of the
human/animal body, the search has been carried out and based on the parts
relating to in vitro methods only

2, D Claims Nos.:

because they relate to parts of the International Application that do not comply with the prescribed requirements to such
an extent that no meaningful International Search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authorty found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this International Search Report
covers only those claims for which fees were paid, specifically clams Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest l:l The additional search fees were accompanied by the applicant’s protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

/US2005/029873
Patent document Publication Patent family Publication

cited in search report date member(s) date
EP 0942284 A 15-09-1999 CA 2263197 Al 13-09-1999
: CA 2265270 Al 13-09-1999
DE 19811016 Al 16-09-1999
JP 11316228 A 16-11-1999

US 2002182225 Al 05-12-2002  NONE

W0 9844352 A 08-10-1998 AT 405692 B 25-10-1999
AT 53397 A 15-02-1999
AT 260467 T 15-03-2004
AU 6385498 A 22-10-1998
DE 59810848 D1 01-04-2004
EP 0972203 Al 19-01-2000
EP 0727434 A 21-08-1996 AT 403437 B 25-02-1998
AT 27595 A 15-07-1997
DE 59602836 D1 30-09-1999
ES 2137655 T3 16-12-1999
FI 960655 A 16-08-1996
NO 960565 A 16-08-1996
WO 9307492 A 15-04-1993 AT 163768 T 15-03-1998
AU 663343 B2 05-10-1995
AU 2769292 A 03-05-1993
CA 2097199 Al 05-04-1993
DE 69224622 D1 09-04-1998
DE 69224622 T2 05-11-1998
DK 565665 T3 28-09-1998
EP 0565665 Al 20-10-1993
ES 2115679 T3 01-07-1998
JP 6505562 T 23-06-1994
JP 3416778 B2 16-06-2003
NZ 244597 A 27-09-1993
US 6733985 B1 11-05-2004 AU 5141300 A 05-12-2000
EP 1185690 Al 13-03-2002
WO 0070084 Al 23-11-2000
US 4416812 A 22-11-1983 CA 1195614 Al 22-10-1985
DD 208811 A5 11-04-1984
DE 3150596 Al 30-06-1983
DK 540082 A 22-06-1983
EP 0083773 Al 20-07-1983
ES 8402942 Al 16-05-1984
JpP 1673054 C 12-06-1992
JP 3039267 B 13-06-1991
JP 58154515 A 14-09-1983
NO 824279 A 22-06-1983
ZA 8209315 A 26-10-1983
UsS 2002012958 Al 31-01-2002 AT 286983 T 15-01-2005
. CA 2237817 Al 17-11-1998
DE 19720853 Al 19-11-1998
EP 0878551 A2 18-11-1998
ES 2231915 T3 16-05-2005
JpP 10330400 A 15-12-1998
US 5741658 A 21-04-1998 AT 185901 T 15-11-1999

Form PCTASA/210 (patent family annex) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

i ational application No

¥1/US2005/029873

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 5741658 A AU 663713 B2 19-10-1995
AU 1872992 A 17-11-1992
CA 2108282 Al 11-10-1992
DE 69230183 D1 25-11-1999
DE 69230183 T2 31-08-2000
DE 641443 T1 12-10-1995
EP 0641443 Al 08-03-1995
ES 2072243 T1 16-07-1995
JP 3047120 B2 29-05-2000
JpP 6506601 T 28-07-1994
KR 19990 B1 15-06-1999
Wo 9218870 Al 29-10-1992
Us 5750358 A 12-05-1998
us 5472850 A 05-12-1995

Form PCT/ISA/210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

