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(57) ABSTRACT 

The invention relates to antibodies that specifically bind to 
tissue factor pathway inhibitor (TFPI) and that reduce the 
clotting time of blood. Such antibodies have utility in the 
treatment of Subjects with a coagulopathy. 
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Figure 4 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Figure 11 
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Figure 12 
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Figure 13 
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Figure i4 
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Figure 15 
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ANTIBODIES AGAINST TISSUEFACTOR 
PATHWAY INHIBITOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 13/721,755, filed Dec. 20, 2012, which is a 
continuation of U.S. application Ser. No. 13/140,296, filed 
Aug. 30, 2011 (now U.S. Pat. No. 8,361,469, issued Jan. 29, 
2013), which is a 35 U.S.C. S371 national stage application 
of International Patent Application PCT/EP2009/067598 
(published as WO 2010/072691), filed Dec. 18, 2009, which 
claimed priority of European Patent Application 08172520. 
2, filed Dec. 22, 2008; this application further claims priority 
under 35 U.S.C S 119 of U.S. Provisional Application 
61/203,479, filed Dec. 23, 2008; the contents of all above 
named applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to antibodies that 
specifically bind to tissue factor pathway inhibitor (TFPI). 

INCORPORATION-BY-REFERENCE OF THE 
SEQUENCE LISTING 

0003. The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS-Web and 
is hereby incorporated by reference in its entirety. Said 
ASCII copy, created on Jan. 4, 2017, is named 7788US01 
SeqList.txt and is 46 kilobytes in size. 

BACKGROUND OF THE INVENTION 

0004. In subjects with a coagulopathy, Such as in human 
beings with haemophilia A and B, various steps of the 
coagulation cascade are rendered dysfunctional due to, for 
example, the absence or insufficient presence of a coagula 
tion factor. Such dysfunction of one part of the coagulation 
cascade results in insufficient blood coagulation and poten 
tially life-threatening bleeding, or damage to internal organs, 
Such as the joints. Subjects such as human beings with 
haemophilia A and B may receive coagulation factor 
replacement therapy such as exogenous FVIIIa or FIXa, 
respectively. However, such patients are at risk of develop 
ing “inhibitors' (antibodies) to Such exogenous factors, 
rendering formerly efficient therapy ineffective. Further 
more, exogenous coagulation factors may only be adminis 
tered intravenously, which is of considerable inconvenience 
and discomfort to patients. For example, infants and toddlers 
may have to have intravenous catheters Surgically inserted 
into a chest vein, in order for venous access to be guaran 
teed. This leaves them at great risk of developing bacterial 
infections. Subjects with a coagulopathy may only receive 
therapy after a bleed has commenced, rather than as a 
precautionary measure, which often impinges upon their 
general quality of life. 
0005. There are thus still many unmet medical needs in 
the haemophilia community, in particular, and in Subjects 
with coagulopathies, in general. 
0006 When a vessel wall is injured, tissue factor (TF) is 
exposed to the contents of circulating blood and TF forms a 
complex with Factor VII/activated Factor VII (FVII/FVIIa) 
on the surface of TF-bearing cells. This leads to the activa 
tion of Factor X (FX) to FXa which together with FVa 
generates a limited amount of thrombin (FIIa). Small 
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amounts of thrombin activate platelets, which results in 
Surface exposure of phospholipids that Supports the binding 
of the tenase complex consisting of FVIIIa/FIXa. 
0007. The tenase complex produces large amounts of 
FXa, which subsequently facilitates a full thrombin burst. A 
full thrombin burst is needed for the formation of a mechani 
cally strong fibrin structure and stabilization of the haemo 
static plug. FVIII or FIX is missing or present at low levels 
in haemophilia patients, and due to the lack of tenase 
activity, the capacity to generate FXa is low and insufficient 
to support the propagation phase of the coagulation. In 
contrast, the TF-mediated initiation phase is not dependent 
on the formation of the tenase complex. However, the 
TF-pathway will, shortly after an initial FXa generation, be 
blocked by plasma inhibitors. 
0008 Tissue factor pathway inhibitor (TFPI) down-regu 
lates ongoing coagulation by neutralizing the catalytic activ 
ity of FXa and by inhibiting the TF-FVIIa complex in the 
presence of FXa. TFPI either inhibits the TF/FVIIa/FXa 
complex on the cellular surface or inhibits released FXa 
followed by FVIIa/TF inhibition. 

SUMMARY OF THE INVENTION 

0009. The Inventors have identified monoclonal antibod 
ies which specifically bind to tissue factor pathway inhibitor 
(“TFPI, sometimes referred to as “TFPI1) and thereby 
modulate its activity. The present invention relates to these 
antibodies and to other related antibodies that are derived 
from these antibodies or have similar binding properties to 
these antibodies. 

0010. Accordingly, the present invention relates to anti 
bodies that specifically bind to tissue factor pathway inhibi 
tor (TFPI) and that reduce clotting time in, for example, (a) 
human FVIII-deficient plasma and/or (b) human whole 
blood. 

0011. One antibody comprises the light chain variable 
region of SEQID NO. 4 and the heavy chain variable region 
of SEQ ID NO: 8. Another antibody comprises the light 
chain variable region of SEQID NO: 15 and the heavy chain 
variable region of SEQ ID NO: 18. 
0012. The invention also provides polynucleotides which 
encode an antibody of the invention, such as polynucleotides 
which encode an antibody light chain and/or an antibody 
heavy chain of the invention. 
0013 The invention also provides pharmaceutical com 
positions comprising an antibody or polynucleotide of the 
invention and a pharmaceutically acceptable carrier or 
diluent. 

0014. The antibodies, polynucleotides and compositions 
of the invention are also provided for use in (a) the treatment 
or prevention of a coagulopathy (bleeding disorder) or (b) 
the stimulation of blood clotting. That is, the invention 
provides a method for (a) the treatment or prevention of a 
coagulopathy (bleeding disorder) or (b) the stimulation of 
blood clotting, the method comprising administering to a 
patient in need thereof a therapeutically or prophylactically 
effective amount of an antibody, polynucleotide or compo 
sition of the invention. 

0015. Furthermore, the invention provides dosing regi 
mens of said monoclonal antibody of the invention. 
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BRIEF DESCRIPTION OF THE FIGURES 

0016 FIG. 1 shows the sequences of VH(A) and VL (B) 
domains of mouse anti-TFPI4F36A1B2 (herein also referred 
to as MuTFPI4F36 or 4F36), aligned with the sequences for 
the human germline and the initial CDR grafted version of 
humanized TFPI4F36. The Kabat numbering scheme is 
indicated above the sequences. 
0017 FIG. 2 shows the nucleotide sequences and trans 
lated polypeptide sequences for the VHand VL sequences of 
the murine antibody TFPI4F36A1B2 (MuTFPI4F36). 
0018 FIG. 3 shows the amino acid sequences of the light 
(A) and heavy (B) chains of Fab fragments of the murine 
4F36 antibody, MuTFPI4F36. Numbering above the 
sequences is shown according to Kabat. Positions corre 
sponding to CDR loops are highlighted in bold underlined 
text in the Kabat numbering Amino acid residues constitut 
ing the paratope are highlighted in bold underlined text. The 
paratope is determined from the X-ray structure of the 
complex between the MuTFPI4F36 Fab and the TFPI K2 
domain and is defined as residues in the Fab having a heavy 
atom within a distance of less than 4 A from a heavy atom 
in K2. 
0019 FIG. 4 shows the sequence of TFPI (signal peptide 
sequence omitted). The Kunitz domains are shown in bold: 
TFPI Kunitz domain 1=amino acids 26 to 76: TFPI Kunitz 
domain 2-amino acids 97-147: TFPI Kunitz domain 
3-amino acids 188-238. The C-terminal part of TFPI is 
shown in italics at amino acids 240 to 276. 
0020 FIG. 5 shows the relative accessibility of residues 
in TFPI. The residues that have a greater than 40% acces 
sibility are amino acids 94-95, 98, 100-110, 118-121, 123 
124, 131, 134, 138-142 and 144-145. 
0021 FIG. 6 shows an SEC HPLC analysis of a complex 
between the TFPI Kunitz domain 2 (K2) and the 
MuTFPI4F36 Fab fragment (Fab). SEC-HPLC chromato 
grams detected at UV 280 nm of free K2 (solid line, r, 13.1 
min, peak shown at 13.134), free Fab (dashed line, r, 11.7 
min, peak shown at 11.676) and complex (dotted line, r, 11.5 
min, peak shown at 11.496). The sample of the complex 
contained ~20% excess K2. 
0022 FIG. 7 shows the overall structure of the 
MuTFPI4F36 Fab:K2 complex. Light chains are shown in 
pale grey and heavy chains are shown in darkgrey. The CDR 
loops as defined according to the Kabat scheme are labeled 
as L1 to L3 and H1 to H3. 
0023 FIG. 8 shows the structure of the K2 domain of 
TFPI when in a complex with MuTFPI4F36 Fab (Fab 
molecule not shown). The N- and C-termini and secondary 
structural elements are labeled. 
0024 FIG. 9 shows a back-bone superposition of K2 
structures. Shows differences in structure between K2 solu 
tion, K2 is in complex with MuTFPI4F36 Fab and K2 in 
complex with porcine trypsin. 
0025 FIG. 10 shows the MuTFPI4F36 binding epitope 
on K2. (A) Cartoon representation of the K2 domain of TFPI 
with side chains of residues included in the binding epitope 
represented by balls and sticks. (B) is as A, but with surface 
added. (C) Binding epitope mapped on to primary sequence. 
Capital bold, italic and underlined letters corresponds to 
residues in the K2-binding epitope making contacts with the 
MuTFPI4F36 Fab heavy chain only (positions 10, 11, 13, 
28, 31, 33 and 35), light chain only (positions 21, 23 and 50), 
and with both heavy and light chain (17, 19, 34 and 36), 
respectively. Secondary structural elements (h-helix, 
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s=sheet) are indicated (helices at positions 5-8 and 50-56 
and sheets at positions 20-26 and 31-37). Residues high 
lighted grey (positions 1-2 and 59-66) are present in the 
expressed protein, but are not observed in the crystal struc 
ture due to the N- and C-termini being flexible. 
0026 FIG. 11 shows a comparison of the back-bone 
traces of K2:MuTFPI4F36 Fab and K2:HZTFPI4F36 Fab 
complexes, demonstrating the identical binding modes for 
the murine MuTFPI4F36 and humanized HZTFPI4F36 Fab 
fragments. K2:MuTFPI4F36 Fab is shown in grey and 
K2:HzTFPI4F36 Fab in black. Structures are superposi 
tioned to optimize the match between the variable region of 
the Fab fragments. 
0027 FIG. 12 shows the effect of anti-TFPI monoclonal 
antibodies (mAbs) on TF/FVIIa-induced activation of FX on 
the surface of HUVECs stimulated with TNFO/IL1 B. Acti 
vation of FX was measured in the presence of 0-20 nM mAB 
(mAbTFPI 2021 or mAb 2974), 50 pM FVIIa (Novo 
Seven(R) and 50 nM FX in buffer with 25 mM HEPES, 137 
mM NaCl, 3.5 mM KC1, 5 mM CaCl, 1 mg/ml BSA (0.1%) 
pH 7.4 which was overlaid a monolayer of HUVECs. 
Generated FXa activity was determined in an amidolytic 
assay with S-2765 measured by the increase in absorbance 
at 405 nM. 

0028 FIG. 13 shows the effect of anti-TFPI mAbs on 
TFPI inhibition of TF/FVIIa-induced activation of FX on the 
Surface of MDA-MB 231 cells. Activation of FX was 
measured in the presence of 0-20 nM mAb (HZ mAbTFPI 
2021 or mAb 2974), 2.5 nM fl-TFPI, 100 pM FVIIa and 50 
nM FX in buffer with 25 mM HEPES, 137 mM NaCl, 3.5 
mM KC1, 5 mM CaCl, 1 mg/ml BSA (0.1%) pH 7.4 which 
was overlaid a monolayer of MDA-MB 231 cells. Generated 
FXa activity was determined in an amidolytic assay with 
S-2765 measured by the increase in absorbance at 405 nM. 
0029 FIG. 14 shows the effect of single amino acid 
alanine substitutions of select residues within the TFPI 
Kunitz, 2 domain on binding to mAbTFPI 2021 
(“mab4F36') and mAb2974 (n=2). The selected residues 
are part of the maBTFPI 2021 binding epitope. The num 
bering of amino acid residues is as indicated in FIG. 10C. 
0030 FIG. 15 shows the cuticle bleeding time and blood 
loss measured in transient haemophiliac rabbits following 
treatment with control IgG (Haemophilia) or with the 
murine anti-TFPI antibody, TFPI-4F36A1B2 (“4F36”, 
MuTFPI4F36). 
0031 FIG. 16 shows the cuticle bleeding time (single 
observations; mean-SEM) and blood loss (mean+SEM) in 
an “on demand treatment of rabbits with antibody-induced 
haemophilia, treated with HzTFPI4F36 (“anti-TFPI, 
mAbTFPI 2021) (2 mg/kg) or NovoSeven (9 mg/kg) 5 
minutes after induction of bleeding. The bleeding was 
observed for 1 hour (3600 sec). 
0032 FIG. 17 shows the cuticle bleeding time (single 
observations; mean-SEM) and blood loss (mean+SEM) in 
rabbits with antibody-induced haemophilia, when pre 
treated with HzTFPI4F36 (“anti-TFPI, mAbTFPI 2021) 
(doses: 0.5. 1, 2 mg/kg) or an isotype control antibody 35 
minutes before induction of bleeding. The bleeding was 
observed for 1 hour (3600 sec). 
0033 FIG. 18 shows the platelet number measured in 
individual animals, following stimulation with anti-FVIII 
antibody, administration of an anti-TFPI-antibody (“anti 
TFPI ab'. MuTFPI4F36) and then made to bleed. This was 
carried out in a control haemophilia model and in the 
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presence of the murine anti-TFPI 
(MuTFPI4F36) as described herein. 
0034 FIG. 19 shows the plasma concentration of free 
HzTFPI4F36 (mAbTFPI 2021) in rabbits dosed with 20 
mg/kg. HZTFPI4F36 at 0 hrs. Cuticle bleeding experiments 
were performed at 96 hrs (4 days), 168 hrs (7 days) and 240 
hrs (10 days). The dotted lines indicate the effective con 
centration range of HZTFPI4F36 as found in the dose 
response study (see FIG. 17). 
0035 FIG. 20: Left panel: plasma HzTFPI4F36 (mAbT 
FPI 2021) (left axis:O) and cuticle bleeding time 
(meaniSEM; ). Right panel: plasma HzTFPI4F36 (mAbT 
FPI 2021) (left axis O) and blood loss (mean+SEM; ) in 
rabbits with antibody-induced haemophilia, when pre 
treated with 20 mg/kg. HZTFPI4F36 (n=8) or isotype control 
antibody (n=12) at 4, 7 or 10 days before induction of 
bleeding. The bleeding was observed for 1 hour (3600 sec). 
0036 FIG. 21 shows the plasma concentration levels 
after IV and SC HzTFPI4F36 (mAbTFPI 2021) administra 
tion to monkeys. On the three lower plots two monkeys were 
administered three doses of HZTFPI4F36 with two weeks 
interval. On the lower left three doses of 2, 20 and 80 mg/kg 
were administered, on the lower middle three doses of 20, 80 
and 160 mg/kg were administered; on the lower right three 
doses of 80, 160 and 200 mg/kg were dosed. On the upper 
left a single dose of 20 mg/kg were administered to three 
monkeys; on the upper right as single IV dose were admin 
istered to three monkeys. On plots the points represent 
individual observations whereas the line represents the 
model fit. 
0037 FIG. 22 shows a simulation of 1 mg/kg 
HZTFPI4F36 (mAbTFPI 2021) administered SC daily. The 
Solid horizontal line represents simulated plasma concentra 
tion levels and the dotted horizontal line the upper effica 
cious concentration as deduced from the effect data. 
0038 FIG. 23 shows a simulation of 15 mg/kg 
HZTFPI4F36 (mAbTFPI 2021), administered intravenously 
every third week. The solid horizontal line represents simu 
lated plasma concentration levels and the dotted horizontal 
line the upper efficacious concentration as deduced from the 
effect data. 

0039 FIG. 24 shows a simulation of 20 mg/kg 
HZTFPI4F36 (mAbTFPI 2021), administered intravenously 
every second week. The horizontal solid line represents 
simulated plasma concentration levels and the horizontal 
dotted line the expected target saturation as deduced from 
the effect study. 

antibody 4F36 

BRIEF DESCRIPTION OF THE SEQUENCE 
LISTING 

0040 SEQ ID NO: 1 gives the amino acid sequence of 
human TFPI (signal peptide sequence omitted). 
0041 SEQID NO: 2 gives the amino acid sequence of a 
construct used for determining the binding epitope of an 
antibody. The construct comprises amino acids 91 to 150 
from human TFPI and a C-terminal His tag. 
0042 SEQ ID NOs: 3, 5 and 4 give the polynucleotide 
(sense and anti-sense) and polypeptide sequences for the 
light chain variable domain (VL) of the MuTFPI4F36 
(TFPI-4F36A1B2) monoclonal antibody. SEQ ID NO: 6 
gives the amino acid sequence of the light chain of the 
MuTFPI4F36 (TFPI-4F36A1B2) monoclonal antibody. Sig 
nal peptide sequences are omitted. 
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0043 SEQ ID NOs: 7, 9 and 8 give the polynucleotide 
(sense and anti-sense) and polypeptide sequences for the 
heavy chain variable domain (VH) of the MuTFPI4F36 
(TFPI-4F36A1B2) monoclonal antibody. SEQ ID NO: 10 
gives the amino acid sequence of the heavy chain of the 
MuTFPI4F36 (TFPI-4F36A1B2) monoclonal antibody. Sig 
nal peptide sequences are omitted. 
0044 SEQ ID NO: 11 gives the sequence of a reverse 
primer used for heavy chain variable domain amplification 
and SEQ ID NO: 12 gives the sequence of a reverse primer 
used for light chain amplification. 
0045 SEQ ID NOs: 13-15 provide the sense polynucle 
otide, anti-sense polynucleotide and polypeptide sequences, 
respectively, for the light chain variable domain (VL) of the 
humanized monoclonal antibody, HZTFPI4F36 (mAbT 
FPI2021). Signal peptide sequences are omitted. 
0046 SEQ ID NOs: 16-18 provide the sense polynucle 
otide, anti-sense polynucleotide and polypeptide sequences, 
respectively, for the heavy chain variable domain (VH) of 
the humanized monoclonal antibody, HZTFPI4F36 (mAbT 
FPI2021). 
0047 SEQ ID NOs: 19-21 provide the sense polynucle 
otide, anti-sense polynucleotide and polypeptide sequences, 
respectively, for the light chain (LC) of the humanized 
monoclonal antibody, HZTFPI4F36 (mAbTFPI2021). 
0048 SEQ ID NOs: 22-24 provide the sense polynucle 
otide, anti-sense polynucleotide and polypeptide sequences, 
respectively, for the heavy chain (HC) of the humanized 
monoclonal antibody, HZTFPI4F36 (mAbTFPI2021). Sig 
nal peptide sequences are omitted. 
0049 SEQ ID NOs: 25-26 provide the nucleic acid and 
amino acid sequences, respectively, for the light chain 
variable domain of the CDR-grafted HZTFPI4F36. Signal 
peptide sequences are omitted. 
0050 SEQ ID NOS: 27-28 provide the nucleic acid and 
amino acid sequences, respectively, of the heavy chain 
variable domain of the CDR-grafted HZTFPI4F36. Signal 
peptide sequences are omitted. 
0051 SEQID NO: 29 provides the amino acid sequence 
of the light chain of the CDR-grafted HzTFPI4F36 (human 
kappa chain). The signal peptide sequence is omitted. 
0052 SEQID NO:30 provides the amino acid sequence 
of the heavy chain of the CDR-grafted HzTFPI4F36, which 
is a human IgG4 (S241P). The signal peptide sequence is 
omitted. 
0053 SEQ ID NO: 31 provides the germline sequence, 
VKII A18/JK4, used for humanization of the light chain of 
MuTFPI4F36. The signal peptide sequence is omitted. 
0054 SEQ ID NO: 32 provides the germline sequence, 
VH3 2 1/JH6, used for humanization of the heavy chain of 
MuTFPI4F36. The signal peptide sequence is omitted. 
0055 SEQID NO:33 provides the amino acid sequence 
of the MuTFPI4F36A1B2 heavy chain Fab. The signal 
peptide is omitted. 
0056 SEQID NO. 34 provides the amino acid sequence 
of the HZTFPI4F36 heavy chain Fab. The signal peptide is 
omitted. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0057 The present invention relates to antibodies that 
bind to TFPI. The antibodies preferably specifically bind to 
TFPI, i.e. they bind to TFPI but they do not bind, or bind at 
a lower affinity, to other molecules. In particular, the inven 
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tion relates to antibodies that bind to TFPI and that modulate 
its activity. Antibodies of the invention may thus possess the 
ability to shorten clotting time. For example, an antibody of 
the invention may have the ability to shorten clotting time in 
human FVIII-deficient plasma or to reduce time to clot as 
measured in a thromboelastography (TEG) analysis of 
human whole blood. The invention also relates to uses for 
Such antibodies, such as therapeutic and pharmaceutical 
USS. 

0058. The term TFPI as used herein encompasses any 
naturally occurring form of TFPI which may be derived 
from any suitable organism. For example, TFPI for use as 
described herein may be a mammalian TFPI, such as human, 
mouse, rat, primate, bovine, ovine, or porcine TFPI. Pref 
erably the TFPI is human TFPI. The TFPI may be a mature 
form of TFPI such as a TFPI protein that has undergone 
post-translational processing within a suitable cell. Such a 
mature TFPI protein may, for example, be glycosylated. The 
TFPI may be a full length TFPI protein. The term TFPI also 
encompasses variants, isoforms and other homologs of Such 
TFPI molecules. Variant TFPI molecules will generally be 
characterised by having the same type of activity as natu 
rally occurring TFPI, such as the ability to neutralize the 
catalytic activity of FXa, or the ability to inhibit a complex 
of TF-FVIIa/FXa. 
0059 An antibody of the invention will have the ability 
to bind to TFPI. Preferably, an antibody of the invention will 
bind specifically to TFPI. That is, an antibody of the 
invention will preferably bind to TFPI with greater binding 
affinity than that at which it binds to another molecule. An 
antibody of the invention may have the ability to bind or 
specifically bind to a TFPI molecule as described herein 
Such as any target molecule as described herein. 
0060. The term “binding affinity” is herein used as a 
measure of the strength of a non-covalent interaction 
between two molecules, e.g. and antibody, or fragment 
thereof, and an antigen. The term “binding affinity” is used 
to describe monovalent interactions (intrinsic activity). 
0061 Binding affinity between two molecules, e.g. an 
antibody, or fragment thereof, and an antigen, through a 
monovalent interaction may be quantified by determination 
of the dissociation constant (K). In turn, K, can be deter 
mined by measurement of the kinetics of complex formation 
and dissociation, e.g. by the SPR method (Biacore). The rate 
constants corresponding to the association and the dissocia 
tion of a monovalent complex are referred to as the asso 
ciation rate constants k (ork) and dissociation rate con 
stant k. (or k.), respectively. Ko is related to k, and k, 
through the equation Kok, k. 
0062 Following the above definition binding affinities 
associated with different molecular interactions, e.g. com 
parison of the binding affinity of different antibodies for a 
given antigen, may be compared by comparison of the K, 
values for the individual antibody/antigen complexes. 
0063 Similarly, the specificity of an interaction may be 
assessed by determination and comparison of the K value 
for the interaction of interest, e.g. a specific interaction 
between an antibody and an antigen, with the K value of an 
interaction not of interest. 
0064.) Typically, the K for the antibody with respect to 
the target will be 2-fold, preferably 5-fold, more preferably 
10-fold less than K, with respect to the other, non-target 
molecule Such as unrelated material or accompanying mate 
rial in the environment. More preferably, the K, will be 
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50-fold less, such as 100-fold less, or 200-fold less; even 
more preferably 500-fold less, such as 1,000-fold less, or 
10,000-fold less. 
0065. The value of this dissociation constant can be 
determined directly by well-known methods, and can be 
computed even for complex mixtures by methods such as 
those, for example, set forth in Cacecietal. (Byte 9:340-362, 
1984). For example, the K may be established using a 
double-filter nitrocellulose filter binding assay such as that 
disclosed by Wong & Lohman (Proc. Natl. Acad. Sci. USA 
90, 5428-5432, 1993). Other standard assays to evaluate the 
binding ability of ligands such as antibodies towards targets 
are known in the art, including for example, ELISAS, 
Western blots, RIAs, and flow cytometry analysis. The 
binding kinetics and binding affinity of the antibody also can 
be assessed by standard assays known in the art, such as 
Surface Plasmon Resonance (SPR), e.g. by using a Bia 
coreTM system. 
0066. A competitive binding assay can be conducted in 
which the binding of the antibody to the target is compared 
to the binding of the target by another ligand of that target, 
such as another antibody. The concentration at which 50% 
inhibition occurs is known as the Ki. Under ideal conditions, 
the Ki is equivalent to K. The Ki value will never be less 
than the K, so measurement of Ki can conveniently be 
Substituted to provide an upper limit for K. 
0067. An antibody of the invention may have a K, for its 
target of 1x107M or less, 1x10M or less, or 1x10M or 
less, or 1x10'Morless, 1x10'Morless, or 1x10'’Mor 
less. 
0068 An antibody that specifically binds its target may 
bind its target with a high affinity, that is, exhibiting a low 
K, as discussed above, and may bind to other, non-target 
molecules with a lower affinity. For example, the antibody 
may bind to non-target molecules with a K of 1x10M or 
more, more preferably 1x10M or more, more preferably 
1x10" Mormore, more preferably 1x10M or more, even 
more preferably 1x10° M or more. An antibody of the 
invention is preferably capable of binding to its target with 
an affinity that is at least two-fold, 10-fold, 50-fold, 100-fold 
200-fold, 500-fold, 1,000-fold or 10,000-fold or greater than 
its affinity for binding to another non-target molecule. 
0069. The target molecule may be any TFPI molecule as 
described herein, such as a naturally occurring TFPI mol 
ecule, a fully mature TFPI molecule or a full-length TFPI 
molecule. Preferred TFPI molecules are fully mature, natu 
rally occurring, full length mammalian TFPI molecules. For 
example, the TFPI molecule may consist of, or may com 
prise, the amino acid sequence of SEQ ID NO: 1 or a 
fragment or other variant thereof as described herein. 
(0070. The target molecule may be a variant of a TFPI 
molecule such as a fragment of a TFPI molecule. For 
example, the target molecule may be a fragment or other 
variant of TFPI which maintains a suitable epitope for 
antibody binding. For example, the target molecule may be 
a fragment or other variant of TFPI which retains an epitope 
as described herein. The target molecule may comprise Such 
an epitope. 
0071. In one embodiment, the target molecule is a full 
length TFPI molecule. The full length TFPI molecule may 
comprise a first, second and third KunitZ domain as 
described herein. The full length TFPI molecule may com 
prise a first, second and third KunitZ domain as described 
herein and also a carboxy terminal region as described 
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herein. The full length TFPI molecule may be a naturally 
occurring TFPI molecule such as a full length TFPI poly 
peptide as expressed from a TFPI gene, or as secreted by 
TFPI expressing cells. The full length TFPI molecule may 
be a naturally occurring TFPI molecule as found circulating 
in free form in plasma or bound to cells such as endothelial 
cells. The full length TFPI molecule is not a truncated TFPI 
molecule Such as a naturally-occurring truncated TFPI mol 
ecule as described herein. 

0072. In one embodiment, the target molecule is a trun 
cated TFPI molecule. For example, the truncated TFPI 
molecule may comprise a carboxy terminal truncation. For 
example, a number of naturally-occurring truncated forms of 
TFPI are known. These may comprise a truncation of part or 
all of the carboxy terminal part of TFPI. They may further 
comprise truncation of part or all of one or more of the 
Kunitz domains. For example, a truncated form of TFPI may 
comprise the deletion of the carboxy terminal part and part, 
or all, of the third Kunitz domain. 
0073 For example, one naturally occurring truncated 
form of TFPI comprises only amino acids 1 to 161 of the full 
length TFPI molecule (referred to herein as TFPI (1-161)). 
TFPI (1-161) is an active form of TFPI that has reduced 
activity compared with the full length molecule. TFPI 
(1-161) differs in structure from full length TFPI and anti 
bodies generated against TFPI (1-161) as a target molecule 
may therefore differ from antibodies generated against full 
length TFPI. 
0074. A truncated form of TFPI may be an appropriate 
target molecule where it is desired to target antibodies 
against the region of full length TFPI that is present in TFPI 
(1-161). However, truncated TFPI is preferably used as a 
target molecule when antibodies are desired to be directed 
against specific truncated forms of TFPI such as naturally 
occurring truncated TFPI. 
0075. In one embodiment the target molecule is a natu 
rally-occurring form of TFPI. This may be used in a form in 
which it is present in vivo. For example, the target molecule 
may be a full length naturally-occurring TFPI as discussed 
above. The target molecule may be a truncated naturally 
occurring TFPI as discussed above. The target molecule may 
be TFPI in a form in which it is present in plasma in vivo. 
The target molecule may be TFPI that is bound to lipopro 
tein in the same way as is present in plasma in vivo. The 
target molecule may be TFPI that is bound to cells in the 
same way as occurs in vivo, such as TFPI that is bound to 
endothelial cells. An antibody of the invention may bind to 
any one or more of these naturally occurring forms of TFPI. 
The antibody of the invention may be able to bind to all of 
these naturally occurring forms of TFPI, or may be able to 
discriminate between these different forms, binding to some 
but not others. 

0076. In one embodiment, the target molecule is, or 
comprises, the second Kunitz domain of TFPI. Such a target 
molecule may comprise amino acids 97 to 147 of SEQ ID 
NO: 1 or amino acids 91 to 150 of SEQ ID NO: 1 or an 
equivalent Kunitz domain 2 region from another TFPI 
polypeptide. Such a target molecule may comprise SEQ ID 
NO: 2 or amino acids 3 to 58 or 10 to 50 of SEQID NO: 2. 
The target molecule may be, or may comprise, a fragment of 
the second Kunitz domain of TFPI. For example, the target 
molecule may comprise five or more, eight or more, ten or 
more, twelve or more or fifteen or more amino acids from 
the second Kunitz domain. 
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0077. The target molecule may comprise five or more, 
eight or more, ten or more, twelve or more or fifteen or more 
surface accessible residues of TFPI or of a particular region 
of TFPI such as a particular Kunitz domain or the C terminal 
part of TFPI. A surface accessible residue is a residue having 
more than 40% relative accessibility. For example, for the 
Kunitz 2 domain of TFPI (SEQ ID NO: 1), the following 
amino acids have a greater than 40% relative accessibility: 
94-95, 98, 100-110, 118-121, 123-124, 131, 134, 138-142 
and 144-145 (see FIG. 5). The target molecule may comprise 
five or more, eight or more, ten or more, twelve or more or 
fifteen or more of these residues, such as a fragment of TFPI 
that includes five or more, eight or more, ten or more, twelve 
or more or fifteen or more of these residues. 
0078. The target molecule may comprise a known 
epitope from TFPI. 
(0079. The term “epitope', as used herein, is defined in the 
context of a molecular interaction between an “antigen 
binding polypeptide’” (Ab) and its corresponding “antigen” 
(Ag). As used herein, the term Ab comprises an antibody or 
a fragment thereof, which specifically binds the correspond 
ing Ag. Examples of antigen-binding fragments include Fab, 
Fab', F(ab)2, F(ab')2, F(ab)S. Fv (typically the VL and VH 
domains of a single arm of an antibody), single-chain FV 
(scFv; see e.g. Bird et al., Science 1988; 242:42S-426; and 
Huston et al. PNAS 1988: 85:5879-5883), dsEv, Fd (typi 
cally the VH and CHI domain), and dAb (typically a VH 
domain) fragments; VH, VL, VhH, and V-NAR domains: 
monovalent molecules comprising a single VH and a single 
VL chain; minibodies, diabodies, triabodies, tetrabodies, and 
kappa bodies (see, e.g., Ill et al. Protein Eng 1997: 10:949 
57); camel IgG, IgNAR; as well as one or more isolated 
CDRs or a functional paratope, where the isolated CDRs or 
antigen-binding residues or polypeptides can be associated 
or linked together so as to form a functional antibody 
fragment. Various types of antibody fragments have been 
described or reviewed in, e.g., Holliger and Hudson, Nat 
Biotechnol 2005; 25:1126-1136: WO2005040219, and pub 
lished U.S. Patent Applications 20050238646 and 
2002O1612O1. 
0080 Antibody fragments can be obtained using conven 
tional recombinant or protein engineering techniques, and 
the fragments can be screened for antigen-binding or other 
function in the same manner as are can be intact antibodies. 

I0081. The term antigen (Ag) refers to the molecular 
entity used for immunization of an immunocompetent ver 
tebrate to produce the antibody (Ab) that recognizes the Ag. 
Herein, Ag is termed more broadly and is generally intended 
to include target molecules that are specifically recognized 
by the Ab, thus including fragments or mimics of the 
molecule used in the immunization process for raising the 
Ab. Thus, for Ab’s binding to the second kunitz domain (K2) 
of TFPI, both isolated K2, full-length TFPI including trun 
cated and other variants of TFPI are referred to as an Ag. 
I0082 Generally, the term “epitope” refers to the area or 
region on an Ag to which an Ab specifically binds, i.e. the 
area or region in physical contact with the Ab. A protein 
epitope may comprise amino acid residues in the Ag that are 
directly involved in binding to a Ab (also called the immu 
nodominant component of the epitope) and other amino acid 
residues, which are not directly involved in the binding, such 
as amino acid residues of the Ag which are effectively 
blocked by the Ab (in other words, the amino acid residue 
is within the “solvent-excluded surface' and/or the “foot 
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print’ of the Ab). The term epitope herein includes both 
types of binding sites in any particular region of K2 in TFPI 
that specifically binds to an anti-TFPI antibody, or another 
K2-specific agent according to the invention, unless other 
wise stated (e.g., in some contexts the invention relates to 
antibodies that bind directly to particular amino acid resi 
dues). K2 may comprise a number of different epitopes, 
which may include, without limitation, (1) linear peptide 
antigenic determinants, (2) conformational antigenic deter 
minants which consist of one or more non-contiguous amino 
acids located near each other in the mature K2 conforma 
tion; and (3) post-translational antigenic determinants which 
consist, either in whole or part, of molecular structures 
covalently attached to K2. Such as carbohydrate groups. 
0083. The epitope for a given antibody (Ab)/antigen (Ag) 
pair can be defined and characterized at different levels of 
detail using a variety of experimental and computational 
epitope mapping methods. The experimental methods 
include mutagenesis, X-ray crystallography, Nuclear Mag 
netic Resonance (NMR) spectroscopy, Hydroged deuterium 
eXchange Mass Spectrometry (HX-MS) and various com 
petition binding methods. As each method relies on a unique 
principle the description of an epitope is intimately linked to 
the method by which it has been determined. Thus, the 
epitope for a given Ab/Ag pair will be defined differently 
depending on the epitope mapping method employed. 
0084. At its most detailed level, the epitope for the 
interaction between the Ag and the Ab can be defined by the 
spatial coordinates defining the atomic contacts present in 
the Ag-Ab interaction, as well as information about their 
relative contributions to the binding thermodynamics. At a 
less detailed level the epitope can be characterized by the 
spatial coordinates defining the atomic contacts between the 
Ag and Ab. At a further less detailed level the epitope can 
be characterized by the amino acid residues that it comprises 
as defined by a specific criterium, e.g. distance between 
atoms in the Ab and the Ag. At a further less detailed level 
the epitope can be characterized through function, e.g. by 
competition binding with other Abs. The epitope can also be 
defined more generically as comprising amino acid residues 
for which substitution by another amino acid will alter the 
characteristics of the interaction between the Ab and Ag. 
0085. In the context of an X-ray derived crystal structure 
defined by spatial coordinates of a complex between an Ab. 
e.g. a Fab fragment, and its Ag, the term epitope is herein, 
unless otherwise specified or contradicted by context, spe 
cifically defined as K2 residues characterized by having a 
heavy atom (i.e. a non-hydrogen atom) within a distance of 
4. A from a heavy atom in the Ab. 
I0086. From the fact that descriptions and definitions of 
epitopes, dependant on the epitope mapping method used, 
are obtained at different levels of detail, it follows that 
comparison of epitopes for different Abs on the same Ag can 
similarly be conducted at different levels of detail. 
0087 Epitopes described on the amino acid level, e.g. 
determined from an X-ray structure, are said to be identical 
if they contain the same set of amino acid residues. Epitopes 
are said to overlap if at least one amino acid is shared by the 
epitopes. Epitopes are said to be separate (unique) if no 
amino acid residue are shared by the epitopes. 
0088 Epitopes characterized by competition binding are 
said to be overlapping if the binding of the corresponding 
Ab’s are mutually exclusive, i.e. binding of one Ab excludes 
simultaneous binding of the other Ab. The epitopes are said 
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to be separate (unique) if the Ag is able to accommodate 
binding of both corresponding Ab’s simultaneously. 
I0089. The definition of the term “paratope' is derived 
from the above definition of “epitope' by reversing the 
perspective. Thus, the term “paratope” refers to the area or 
region on the Ab to which an Ag specifically binds, i.e. to 
which it makes physical contact to the Ag. 
0090. In the context of an X-ray derived crystal structure 
defined by spatial coordinates of a complex between an Ab. 
e.g. a Fab fragment, and its Ag, the term paratope is herein, 
unless otherwise specified or contradicted by context, spe 
cifically defined as Ag residues characterized by having a 
heavy atom (i.e. a non-hydrogen atom) within a distance of 
4. A from a heavy atom in K2. 
0091. The epitope and paratope for a given antibody 
(Ab)/antigen (Ag) pair may be identified by routine meth 
ods. For example, the general location of an epitope may be 
determined by assessing the ability of an antibody to bind to 
different fragments or variant TFPI polypeptides. The spe 
cific amino acids within TFPI that make contact with an 
antibody (epitope) and the specific amino acids in an anti 
body that make contact with TFPI (paratope) may also be 
determined using routine methods, such as those described 
in the examples. For example, the antibody and target 
molecule may be combined and the Ab/Ag complex may be 
crystallised. The crystal structure of the complex may be 
determined and used to identify specific sites of interaction 
between the antibody and its target. 
0092. The present inventors have carried out such an 
analysis for the interaction between the murine 
MuTFPI4F36 antibody, as well as the humanised 
HZTFPI4F36 antibody, described herein, and the Kunitz 2 
domain (K2) of TFPI. This analysis is described in more 
detail in the examples. 
0093. The paratope of an antibody according to the 
current invention may be defined as follows: the light chain 
of said antibody comprises residues E31, S32, D33, Y37, 
A96, T97, and F99 of SEQ ID NO: 15 and the heavy chain 
of said antibody comprises residues N31, S52, R53, S54, 
Y57, Y59, F60, P61, D62, Q65, Y102, D103 and D106 of 
SEQ ID NO 18. 
0094. The light chain of the antibody according to the 
current invention may thus comprise amino acid residues: 

0.095 E, in the position corresponding to position 31, 
0.096 S. in the position corresponding to position 32, 
0097 D, in the position corresponding to position 33, 
0.098 Y, in the position corresponding to position 37, 
0099 A, in the position corresponding to position 96, 
0.100 T. in the position corresponding to position 97 
and 

0101 F, in the position corresponding to position 99 

of SEQ ID NO: 15; 
0102 and the heavy chain of said antibody may comprise 
amino acid residues: 

0.103 N, in the position corresponding to position 31, 
0.104 R, in the position corresponding to position 53, 
0105 S. in the position corresponding to position 54, 
0106 Y, in the position corresponding to position 57. 
0.107 Y, in the position corresponding to position 59, 
0.108 F, in the position corresponding to position 60, 
0.109 P. in the position corresponding to position 61, 
0110 D, in the position corresponding to position 62, 
0.111 Q, in the position corresponding to position 65, 
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O112 
0113 
and 

0114 

Y. in the position corresponding to position 102, 
D. in the position corresponding to position 103 

D. in the position corresponding to position 106 

of SEQ ID NO 18. 
0115 The heavy chain may further comprise an S in the 
position corresponding to position 52 of SEQ ID NO: 18. 
0116. The light chain of an antibody according to the 
current invention may further comprise an H in the position 
corresponding to position 98 of SEQ ID NO: 15 and the 
heavy chain may further comprise an S, in the position 
corresponding to position 56 of SEQ ID NO: 18. 
0117 For MuTFPI4F36 (Example 4) the epitope was 
found to be composed of amino acids E 100, E 101, P103. 
R107, Y109, T111, Y113, Q118, Q121, E123, R124, F125, 
K126 and L140 of SEQ ID NO: 1, corresponding to amino 
acids E10, E11, P13, R17, Y19, T21, Y23, Q28, Q31, E33, 
R34, F35, K36 and L50 of SEQID NO: 2. The paratope was 
found to be composed of light chain amino acid residues 
E31, S32, D33, Y37, A96, T97, H98 and F99 of SEQID NO: 
4 and the heavy chain amino acid residues N31, R53, S54, 
S56, Y57, Y59, F60, P61, D62, Q65, Y102, D103 and D106 
of SEQ ID NO 8. 
0118 For HZTFPI4F36 (Example 5) the epitope was 
found to be composed of amino acids E 100, E101, D102, 
P103, R107, Y109, T111, Y113, F114, N116, Q118, Q121, 
C122, E123, R124, F125, K126 and L140 of SEQ ID NO: 
1, corresponding to amino acids E10, E11, D12, P13, R17, 
Y19, T21, Y23, F24, N26, Q28, Q31, C32, E33, R34, K36 
and L50 of SEQ ID NO: 2. The paratope was found to be 
composed of light chain amino acid residues E31, S32, D33, 
Y37, A96, T97 and F99 of SEQ ID NO: 15 and the heavy 
chain amino acid residues N31, S52, R53, S54, Y57, Y59, 
F60, P61, D62, Q65, Y102, D103 and D106 of SEQ ID NO 
18. 
0119) An antibody according to the current invention may 
bind to the same epitope or domain of TFPI as the antibodies 
of the invention that are specifically disclosed herein. For 
example, other yet unidentified antibodies of the invention 
may be identified by comparing their binding to TFPI with 
that of the monoclonal antibodies, MuTFPI4F36 and/or 
HZTFPI4F36; or by comparing the function of yet uniden 
tified antibodies with that of MuTFPI4F36 and/or 
HZTFPI4F36. Analyses and assays that may be used for the 
purpose of such identification include TFPI neutralizing 
assays Such as: the FXa inhibition assay described in 
example 6 and the FVIIa/TF/FXa inhibition assay described 
in example 7: binding interaction analyses such as the 
Surface plasmon resonance analysis described in example 8: 
cellular assays such as the neutralization of TFPI on human 
umbilical vascular endothelial cells (HUVECs), described in 
example 9, and the neutralization of TFPI inhibition of 
TF/FVIIa activity on MDA-MB 231 human breast carci 
noma cells, described in example 10. 
0120 In one embodiment, an antibody of the invention 
may bind to the same epitope or region as the MuTFPI4F36 
or HzTFPI4F36 antibodies described herein. The binding of 
MuTFPI4F36 and HZTFPI4F36 to TFPI is described in more 
detail herein. An antibody of the invention may be an 
antibody that binds to the same epitope in TFPI as the 
MuTFPI4F36 or HzTFPI4F36 antibodies. This may include 
it being in contact with the particular amino acids of TFPI 
as described above. For example, an antibody of the inven 
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tion may bind to TFPI in such a way that it is in contact with 
amino acids E10, E11, P13, R17, Y19, T21, Y23, Q28, Q31, 
E33, R34, F35, K36 and L50 of SEQID NO: 2. or in such 
a way that it is in contact with amino acids E10, E11, D12, 
P13, R17, Y19, T21, Y23, F24, N26, Q28, Q31, C32, E33, 
R34, K36 and L50 of SEQ ID NO: 2. 
I0121. An antibody of the invention may be capable of 
binding an epitope comprising one or more residues selected 
from the group consisting of E10, E11, D12, P13, R17, Y19, 
T21, Y23, F24, N26, Q28, Q31, C32, E33, R34, F35, K36 
and L50 of SEQ ID NO: 2. 
I0122) An antibody of the invention may be capable of 
binding an epitope comprising residue E10 of SEQID NO: 
2 

I0123. An antibody of the invention may be capable of 
binding an epitope comprising residue E 11 of SEQID NO: 
2). 
0.124. An antibody of the invention may be capable of 
binding an epitope comprising residue D12 of SEQID NO: 
2 

0.125. An antibody of the invention may be capable of 
binding an epitope comprising residue P13 of SEQ ID NO: 
2 

0.126 An antibody of the invention may be capable of 
binding an epitope comprising residue R17 of SEQID NO: 
2 

I0127. An antibody of the invention may be capable of 
binding an epitope comprising residue Y19 of SEQID NO: 
2 

I0128. An antibody of the invention may be capable of 
binding an epitope comprising residue T21 of SEQID NO: 
2 

I0129. An antibody of the invention may be capable of 
binding an epitope comprising residue Y23 of SEQID NO: 
2. 

0.130. An antibody of the invention may be capable of 
binding an epitope comprising residue F24 of SEQ ID NO: 
2 

I0131) An antibody of the invention may be capable of 
binding an epitope comprising residue N26 of SEQID NO: 
2 

0.132. An antibody of the invention may be capable of 
binding an epitope comprising residue Q28 of SEQID NO: 
2. 

0.133 An antibody of the invention may be capable of 
binding an epitope comprising residue Q31 of SEQID NO: 
2. 

I0134. An antibody of the invention may be capable of 
binding an epitope comprising residue C32 of SEQID NO: 
2 

0.135 An antibody of the invention may be capable of 
binding an epitope comprising residue E33 of SEQID NO: 
2 

0.136 An antibody of the invention may be capable of 
binding an epitope comprising residue R34 of SEQID NO: 
2 

0.137 An antibody of the invention may be capable of 
binding an epitope comprising residue F35 of SEQ ID NO: 
2 

0.138. An antibody of the invention may be capable of 
binding an epitope comprising residue K36 of SEQID NO: 
2. 
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0.139. An antibody of the invention may be capable of 
binding an epitope comprising residue L50 of SEQID NO: 
2 
0140. An antibody of the invention may be capable of 
binding an epitope comprising residues E 10, E11, D12, P13, 
R17, Y19, T21, Y23, F24, N26, Q28, Q31, C32, E33, R34, 
K36 and L50 of SEQ ID NO: 2. 
0141 An antibody of the invention may be capable of 
binding an epitope comprising residues E 10, E11, P13, R17. 
Y19, T21, Y23, Q28, Q31, E33, R34, F35, K36 and L50 of 
SEQ ID NO: 2. 
0142. An antibody of the invention may have the ability 

to compete with another antibody of the invention for 
binding to TFPI or another appropriate target as described 
herein. For example, an antibody of the invention may 
cross-compete with the MuTFPI4F36 or HzTFPI4F36 anti 
bodies described herein for binding to TFPI, or to a suitable 
fragment or variant of TFPI that is bound by the 
MuTFPI4F36 or HZTFPI4F36 antibodies. Such cross-com 
peting antibodies can be identified based on their ability to 
cross-compete with a known antibody of the invention in 
standard binding assays. For example, SPR e.g. by using a 
BiacoreTM system, ELISA assays or flow cytometry may be 
used to demonstrate cross-competition. Such cross-compe 
tition may suggest that the two antibodies bind to identical, 
overlapping or similar epitopes. 
0143. Thus, the antibody of the invention may be capable 
of binding the K2 domain of TFPI with a higher affinity than 
any one or more of the following commercially available 
monoclonal antibodies: mAb0281 (Ab systems) and/or 
mAb4904 (American Diagnostica) and/or mAb2974 (R&D 
systems) and/or mAb29741 (R&D systems). 
0144. An antibody of the invention may therefore be 
identified by a method that comprises a binding assay which 
assesses whether or not a test antibody is able to compete 
with a known antibody of the invention for a binding site on 
the target molecule. Methods for carrying out competitive 
binding assays are well known in the art. For example they 
may involve binding a known antibody of the invention to 
a target molecule using conditions under which the antibody 
can bind to the target molecule. The antibody/target complex 
may then be exposed to a test antibody and the extent to 
which the test antibody is able to displace the antibody of the 
invention from antibody/target complexes may be assessed. 
An alternative method may involve contacting a test anti 
body with a target molecule under conditions that allow for 
antibody binding, then adding an antibody of the invention 
that is capable of binding that target molecule and assessing 
the extent to which the antibody of the invention is able to 
displace the test antibody from antibody/target complexes. 
0145 The ability of a test antibody to inhibit the binding 
of an antibody of the invention to the target demonstrates 
that the test compound can compete with an antibody of the 
invention for binding to the target and thus that the test 
antibody binds to the same epitope or region on the TFPI 
protein as the known antibody of the invention. A test 
antibody that is identified as competing with a known 
antibody of the invention in Such a method is also a potential 
antibody according to the present invention. The fact that the 
test antibody can bind TFPI in the same region as a known 
antibody of the invention and compete with the known 
antibody of the invention Suggests that the test antibody may 
act as a ligand at the same binding site as the known 
antibody and that the test antibody may therefore mimic the 
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action of the known antibody. This can be confirmed by 
assessing the activity of TFPI in the presence of the test 
compound as described herein. 
0146 The known antibody of the invention may be an 
antibody as described herein, such as the murine TFPI 
4F36A1B2 (also referred to as 4F36 and as MuTFPI4F36) 
antibody, or any variant or fragment thereof as described 
herein that retains the ability to bind to TFPI, such as 
humanized TFPI-4F36A1B2 antibodies, one of which is 
herein referred to as HZTFPI4F36 (mAbTFPI 2021). An 
antibody of the invention may bind to the same epitope as 
the MuTFPI4F36 antibody as described herein or any vari 
ant or fragment thereof as described herein that retains the 
ability to bind to TFPI, such as HZTFPI4F36. 
0147 An antibody of the invention may bind an epitope 
that is identical to, overlaps, or is similar to the 
MuTFPI4F36 epitope that is further described in the 
examples. An antibody of the invention may bind to an 
epitope that is identical to, overlaps or is similar to the 
HZTFPI4F36 epitope that is further described in the 
examples. An antibody of the invention may bind, preferably 
specifically, one or more amino acid residues that belong to 
the epitopes of MuTFPI4F36 and/or HZTFPI4F36. For 
example, an antibody of the invention may bind to five or 
more, six or more, seven or more, eight or more or ten or 
more of the amino acid residues set out above for binding of 
MuTFPI4F36 or HZTFPI4F36. For example, when con 
tacted with a polypeptide of SEQID NO: 2, an antibody of 
the invention may bind to the polypeptide and make contact 
with amino acids E 10, E11, D12, P13, R17, Y19, T21, Y23, 
F24, N26, Q28, Q31, C32, E33, R34, F35, K36 and L50, or 
a Subset of those amino acids, such as at least 2, at least 3, 
at least 4, at least 5, at least 6, at least 7, at least 8, at least 
9, at least 10, at least 11, at least 12, at least 13, at least 14, 
at least 15, at least 16, at least 17 or at least 18 of those amino 
acids. 

0148 Specific binding may be assessed with reference to 
binding of the antibody to a molecule that is not the target. 
This comparison may be made by comparing the ability of 
an antibody to bind to the target and to another molecule. 
This comparison may be made as described above in an 
assessment of K, or Ki. The other molecule used in such a 
comparison may be any molecule that is not the target 
molecule. Preferably the other molecule is not identical to 
the target molecule. Preferably the target molecule is not a 
fragment of the target molecule. 
014.9 The K, of an antibody of the current invention may 
be less than 0.8 nM, such as less than 0.7 nM, such as less 
than 0.6 nM, such as less than 0.5 nM, such as less than 0.4 
nM, such as less than 0.3 nM, such as less than 0.2nM, such 
as less than 0.1 nM, such as less than 0.05 nM, such as less 
than 0.025 nM, such as less than 0.015 nM, such as between 
0.015 nM and 0 nM. 

0150. The other molecule used to determine specific 
binding may be unrelated in structure or function to the 
target. For example, the other molecule may be an unrelated 
material or accompanying material in the environment. 
0151. The other molecule used to determine specific 
binding may be another molecule involved in the same in 
Vivo pathway as the target molecule. For example, where the 
target is TFPI or a fragment or variant thereof, the other 
molecule used for comparison may be a protein that forms 
part of the blood coagulation cascade. By ensuring that the 
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antibody of the invention has specificity for TFPI over 
another Such molecule, unwanted in vivo cross-reactivity 
may be avoided. 
0152 The other molecule used for comparison may be 
related to the target molecule. For example, where it is 
desired to identify an antibody that binds only to a specific 
epitope, the other molecule for comparison may be a TFPI 
molecule in which that epitope is lacking or disrupted. The 
other molecule used for comparison may thus be another 
target molecule that is different to the target molecule bound 
by the antibody in question. 
0153. The antibody of the invention may retain the ability 

to bind to some molecules that are related to the target 
molecule. For example, a full-length mature human TFPI 
may be used as the target, but the antibody may also be able 
to bind to, e.g. immature forms of human TFPI, fragments 
or truncated forms of human TFPI, TFPI that is bound to 
lipoprotein or to a cell or TFPI from other species, such as 
other mammalian TFPI. 

0154 Alternatively, the antibody of the invention may 
have specificity for a particular target molecule. For 
example, it may bind to one target molecule as described 
herein, but may not bind, or may bind with significantly 
reduced affinity to a different target molecule as described 
herein. For example, a full length mature human TFPI may 
be used as the target, but the antibody that binds to that target 
may be unable to bind to or may bind with lesser affinity to, 
e.g. immature forms of human TFPI, fragments or truncated 
forms of human TFPI, TFPI that is bound to lipoprotein or 
to a cell or TFPI from other species, such as other mamma 
lian TFPI. 

(O155 An antibody of the invention may bind to TFPI and 
in doing so may inhibit an activity of TFPI. 
0156. As explained above, TFPI downregulates blood 
coagulation. It does this by inhibiting the activity of FXa and 
by inhibiting the TF-FVIIa complex in the presence of FXa. 
The activity of TFPI that is inhibited by an antibody of the 
invention may be any of these activities or any downstream 
effect thereof. For example, an antibody of the invention 
may lead to an increase in blood coagulation, an increase in 
the presence or levels of FXa or an increased activity of 
TF-FVIIa. Preferably, an antibody of the invention reduces 
clotting time when contacted with (a) human FVIII deficient 
plasma or (b) human whole blood. 
0157. The measurement of TFPI activity may comprise 
assessing the activity of the TFPI in inhibiting coagulation 
or reducing clotting time in a blood sample. For example, 
Such a method may comprise contacting TFPI with a sample 
of blood or a blood product such as plasma or serum that 
comprises blood coagulation factors under conditions in 
which coagulation should occur, and determining whether 
coagulation of the blood is inhibited or clotting time is 
reduced by the presence of the TFPI. The level of blood 
coagulation or clotting time in Such a sample may then be 
compared to that in an equivalent sample in which a test 
antibody is also present. If the level of coagulation is 
increased or clotting time is reduced in the antibody sample, 
this suggests that the antibody is inhibiting the activity of 
TFPI in the sample. 
0158 Blood coagulation may be detected by looking for 
coagulation of the blood itself, of plasma, or for one or more 
characteristics of the coagulation cascade that lie down 
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stream to the point of action of TFPI. For example, the 
method may assess levels of FXa or activation of TF-FVIIa 
in the sample. 
0159 Various other methods for assessing blood coagul 
lation and clotting time are well known in the art. For 
example, any effect of an antibody on blood clotting time 
may be assessed using a dilute prothrombin time analysis 
(dPT analysis) as described in the examples. Briefly, human 
plasma is contacted with human thromboplastin. The time 
taken for the plasma to clot is measured in the presence and 
absence of the test antibody. A positive control may be used 
in such an analysis, such as addition of FVIIa (Novo 
Seven(R) which would be expected to reduce clotting time. 
An antibody of the invention should be capable of reducing 
clotting time in such a method. Preferably, an antibody of the 
invention should be capable of reducing clotting time in a 
dose-dependent manner. 
0160 The antibody of the current invention may be 
capable of inhibiting TFPI in a plasma-based clotassay, such 
as a dPT analysis, significantly better than any one or more 
of the following commercially available monoclonal anti 
bodies: mAb0281 (Ab systems) and/or mAb4904 (American 
Diagnostica) and/or mAb2974 (R&D systems) and/or 
mAb29741 (R&D systems). 
0.161 Thromboelastography may be used to assess the 
kinetics of clot formation and fibrinolysis in samples of 
whole blood. The ability of an antibody to reduce clotting 
time or to stimulate blood coagulation may thus be similarly 
assessed in a whole blood sample by comparing the time 
taken for clot formation in the presence and absence of the 
antibody. 
(0162 Methods to assess the functional effects of an 
antibody of the invention may thus be carried out in vitro. 
Such methods are preferably carried out on samples of 
human blood or plasma. Such samples may be normal 
human blood or plasma or may be deficient in, or Supple 
mented with, one or more factors involved in blood coagul 
lation. For example, these methods may be carried out using 
normal human whole blood, normal human plasma or FVIII 
deficient plasma or whole blood. FVIII-deficient blood or 
plasma may be generated by contacting a suitable blood or 
plasma sample with neutralising anti-FVIII antibody. Such 
in vitro methods may be binding interaction analyses or 
TFPI neutralisation analyses, such as those described in 
examples 6-11. 
0163 The antibody of the current invention may be 
capable of inhibiting platelet-associated TFPI. 
0164. The antibody of the current invention may be 
capable of inhibiting soluble TFPI. 
0.165. The antibody of the current invention may be 
capable of inhibiting lipoprotein-bound TFPI. 
0166 The antibody of the current invention may be 
capable of inhibiting cell-bound TFPI, such as TFPI that is 
bound to endothelial cells. 
0167. The antibody of the current invention may be 
capable of binding TFPI such that FXa retains its activity by 
at least 91%, such as at least 92%, such as at least 93%, such 
as at least 94%, such as at least 95%, such as at least 96%, 
such as at least 97%, such as at least 98%, such as at least 
99%, such as 99-100% as measured in a FXa inhibition 
assay. 
0.168. The antibody of the current invention may be 
capable of neutralising the TFPI inhibition of membrane 
bound FVIIa/TF/FXa, when TFPI is saturated with said 
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antibody, by at least 55%, such as at least 60%, such as at 
least 65%, such as at least 70%, such as at least 75%, such 
as at least 80%, such as at least 85%, such as at least 90%, 
such as at least 95%, such as up to 100%, such as 100%, as 
measured in a FVIIa/TF/FXa inhibitor assay. 
0169 Preferably, an antibody of the invention is capable 
of reducing clotting time and/or stimulating blood coagula 
tion in a sample of (a) human whole blood, (b) human 
plasma, (c) FVIII-deficient human whole blood, (d) FVIII 
deficient human plasma, (e) FIX-deficient human whole 
blood or (f) FIX-deficient human plasma. 
0170 Methods to determine the ability of an antibody to 
stimulate blood coagulation or reduce clotting time may also 
be carried out in vivo. For example, in vivo studies may be 
carried out in transient haemophilic rabbits as described in 
the examples. Briefly, rabbits may be made transient hae 
mophilic by administration of anti-FVIII antibody. The test 
antibody may then be administered and cuticle bleed time 
and/or platelet number assessed. A reduction in cuticle bleed 
time in the presence of a test antibody indicates that the 
antibody is capable of reducing clotting time and stimulating 
blood coagulation. An antibody having Such an effect may 
therefore be an antibody of the present invention. 
0171 The antibody of the current invention may be 
capable of binding the K2 domain of TFPI such that the 
percentage of free TFPI in a subject is reduced to less than 
30%, such as less than 29%, such as less than 28%, such as 
less than 27%, such as less than 26%, such as less than 25%, 
such as less than 24%, such as less than 23%, such as less 
than 22%, such as less than 21%, such as less than 20%, such 
as less than 19%, such as less than 18%, such as less than 
17%, such as less than 16%, such as less than 15%, such as 
less than 14%, such as less than 13%, such as less than 12%, 
Such as less than 11%. Such as less than 10%. Such as less 
than 9%, such as less than 8%, such as less than 7%, such 
as less than 6%, Such as less than 5%, such as less than 4%. 
Such as less than 3%, such as less than 2%, such as less than 
1%, such as 0%. 
0172 Furthermore, the antibody of the current invention 
may be capable of binding the K2 domain of TFPI such that 
the amount of free TFPI in a subject is reduced during the 
first 28 days, such as during the first 27 days, such as during 
the first 26 days, such as during the first 25 days, Such as 
during the first 24 days, such as during the first 23 days, Such 
as during the first 22 days, such as during the first 21 days, 
such as during the first 20 days, such as during the first 19 
days. Such as during the first 18 days, such as during the first 
17 days, such as during the first 16 days, such as during the 
first 15 days, such as during the first 14 days, such as during 
the first 13 days, such as during the first 12 days, Such as 
during the first 11 days, such as during the first 10 days, Such 
as during the first 9 days, such as during the first 8 days, Such 
as during the first 7 days, such as during the first 6 days, Such 
as during the first 5 days, such as during the first 4 days, Such 
as during the first 3 days, such as during the first 2 days, Such 
as during the first day after administration of said monoclo 
nal antibody to said Subject. 
0173 An antibody of the present invention may also lead 
to no significant decrease in platelet numbers. In particular, 
an antibody of the invention may be capable of reducing 
clotting time and/or stimulating blood coagulation in a 
sample of (a) human whole blood, (b) human plasma, (c) 
FVIII-deficient human whole blood (d) FVIII-deficient 
human plasma, (e) FIX-deficient human whole blood or (f) 
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FIX-deficient human plasma, or in an animal in Vivo, 
without leading to any significant decrease in platelet num 
bers. Platelet numbers can be assessed in the same sample or 
animal as the other effects discussed above, or can be 
assessed separately. For example, platelet numbers can be 
assessed in a blood sample Such as a sample of blood 
obtained from a patient or experimental animal. Platelet 
numbers may be assessed following administration of the 
antibody to a transient haemophilic rabbit as described 
above. Antibodies of the invention may be capable of 
reducing cuticle bleed time without leading to a concurrent 
decrease in platelet numbers, as exemplified by in vivo 
studies in transient haemophilic rabbits. A change in platelet 
numbers may be assessed by comparing platelet numbers 
before and after administration of the antibody or by com 
paring platelet numbers between a sample or animal treated 
with the antibody of interest and a control sample or animal 
not treated with that antibody. An antibody of the current 
invention may be capable of binding the K2 domain of TFPI, 
Such that a Subjects in Vivo clotting time is reduced and said 
Subject's platelet count is not significantly reduced. For 
example, said subject’s platelet count may not fall to 
approximately 80%, such as approximately 75%, such as 
approximately 70%, such as approximately 65%, such as 
approximately 60%. Such as approximately 55%. Such as 
approximately 50%. Such as approximately 45%. Such as 
approximately 40%. Such as approximately 35%. Such as 
approximately 30%, such as approximately 25% of the 
original platelet count. Preferably, there will be no difference 
or no statistically significant difference in platelet numbers 
when making such comparisons. That is, the antibody of the 
invention will not have caused any decrease in platelet 
numbers. 

(0174. The term “antibody” as referred to herein includes 
whole antibodies and any antigen binding fragment (i.e., 
'antigen-binding portion') or single chains thereof. An 
antibody refers to a glycoprotein comprising at least two 
heavy chains (HC) and two light chains (LC) inter-con 
nected by disulfide bonds, or an antigen binding portion 
thereof. Each heavy chain is comprised of a heavy chain 
variable region (abbreviated herein as VH) and a heavy 
chain constant region (CH). Each light chain is comprised of 
a light chain variable region (abbreviated herein as VL) and 
a light chain constant region (CL). The variable regions of 
the heavy and light chains contain a binding domain that 
interacts with an antigen. The VH and VL regions can be 
further subdivided into regions of hypervariability, termed 
complementarity determining regions (CDR), interspersed 
with regions that are more conserved, termed framework 
regions (FR). The constant regions of the antibodies may 
mediate the binding of the immunoglobulin to host tissues or 
factors, including various cells of the immune system (e.g., 
effector cells) and the first component (Cld) of the classical 
complement system. 
0.175. The term “complementarity-determining region' 
or “hypervariable region' when used herein refers to the 
amino acid residues of an antibody that are responsible for 
antigen binding. The complementarity-determining regions 
or “CDRs are generally comprised of amino acid residues 
24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light-chain 
variable domain and 31-35 (H1), 50-65 (H2) and 95-102 
(H3) in the heavy-chain variable domain; (Kabat et al. 
(1991) Sequences of Proteins of Immunological Interest, 
Fifth Edition, U.S. Department of Health and Human Ser 
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vices, NIH Publication No. 91-3242) and/or those residues 
from a “hypervariable loop” (residues 26-32 (L1), 50-52 
(L2) and 91-96 (L3) in the light-chain variable domain and 
26-32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy-chain 
variable domain; Chothia and Lesk, J. Mol. Biol 1987: 
196:901-917). Typically, the numbering of amino acid resi 
dues in this region is performed by the method described in 
Kabat et al., Supra. Phrases such as “Kabat position”, “Kabat 
residue, and “according to Kabat’ herein refer to this 
numbering system for heavy chain variable domains or light 
chain variable domains. Using the Kabat numbering system, 
the actual linear amino acid sequence of a peptide may 
contain fewer or additional amino acids corresponding to a 
shortening of, or insertion into, a FR or CDR of the variable 
domain. For example, a heavy chain variable domain may 
include amino acid insertions (residue 52a, 52b and 52c 
according to Kabat) after residue 52 of CDR H2 and inserted 
residues (e.g. residues 82a, 82b, and 82c, etc. according to 
Kabat) after heavy chain FR residue 82. The Kabat num 
bering of residues may be determined for a given antibody 
by alignment at regions of homology of the sequence of the 
antibody with a “standard Kabat numbered sequence. 
(0176) The term “framework region” or “FR residues 
refer to those VH or VL amino acid residues that are not 
within the CDRs, as defined herein. 
0177. An antibody of the invention may be a monoclonal 
antibody or a polyclonal antibody. In one embodiment, an 
antibody of the invention is a monoclonal antibody. An 
antibody of the invention may be a chimeric antibody, a 
CDR-grafted antibody, a human or humanised antibody or 
an antigenbinding portion of any thereof. For the production 
of both monoclonal and polyclonal antibodies, the experi 
mental animal is a suitable a mammal Such as, but not 
restricted to, a goat, rabbit, rat or mouse. 
0.178 Polyclonal antibodies are antibodies that are 
derived from different B cell lines. A polyclonal antibody 
may comprise a mixture of different immunoglobulin mol 
ecules that are directed against a specific antigen. The 
polyclonal antibody may comprise a mixture of different 
immunoglobulin molecules that bind to one or more differ 
ent epitopes within an antigen molecule. Polyclonal anti 
bodies may be produced by routine methods such as immu 
nisation of a suitable animal, with the antigen of interest. 
Blood may be subsequently removed from the animal and 
the immunoglobulin fraction purified. 
0179 Monoclonal antibodies are immunoglobulin mol 
ecules that are identical to each other and have a single 
binding specificity and affinity for a particular epitope. 
Monoclonal antibodies (mAbs) of the present invention can 
be produced by a variety of techniques, including conven 
tional monoclonal antibody methodology e.g., the standard 
somatic cell hybridization technique of Kohler and Milstein 
(1975) Nature 256: 495, or viral or oncogenic transforma 
tion of B lymphocytes. The preferred animal system for 
preparing hybridomas is the murine system. Hybridoma 
production in the mouse is a very well-established procedure 
Immunization protocols and techniques for isolation of 
immunized splenocytes for fusion are known in the art. 
Fusion partners (e.g., murine myeloma cells) and fusion 
procedures are also known. 
0180. To generate hybridomas producing monoclonal 
antibodies of the invention, splenocytes and/or lymph node 
cells from immunized mice can be isolated and fused to an 
appropriate immortalized cell line, Such as a mouse 
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myeloma cell line. The resulting hybridomas can be 
screened for the production of antigen-specific antibodies. 
The antibody secreting hybridomas can be replated, 
screened again, and if still positive for Suitable IgG, the 
monoclonal antibodies can be subcloned at least twice by 
limiting dilution. The stable subclones can then be cultured 
in vitro to generate Small amounts of antibody in tissue 
culture medium for characterization. 

0181. The term “antigen-binding portion of an antibody 
refers to one or more fragments of an antibody that retain the 
ability to specifically bind to an antigen, such as TFPI or 
another target protein as described herein. It has been shown 
that the antigen-binding function of an antibody can be 
performed by fragments of a full-length antibody. Examples 
of binding fragments encompassed within the term “antigen 
binding portion of an antibody include a Fab fragment, a 
F(ab')2 fragment, a Fab' fragment, a Fd fragment, a FV 
fragment, a dAb fragment and an isolated complementarity 
determining region (CDR). Single chain antibodies such as 
schv and heavy chain antibodies such as VHH and camel 
antibodies are also intended to be encompassed within the 
term “antigen-binding portion of an antibody. These anti 
body fragments may be obtained using conventional tech 
niques known to those of skill in the art, and the fragments 
may be screened for utility in the same manner as intact 
antibodies. 

0182 An antibody of the invention may be prepared, 
expressed, created or isolated by recombinant means, such 
as (a) antibodies isolated from an animal (e.g., a mouse) that 
is transgenic or transchromosomal for the immunoglobulin 
genes of interest or a hybridoma prepared therefrom, (b) 
antibodies isolated from a host cell transformed to express 
the antibody of interest, e.g., from a transfectoma, (c) 
antibodies isolated from a recombinant, combinatorial anti 
body library, and (d) antibodies prepared, expressed, created 
or isolated by any other means that involve splicing of 
immunoglobulin gene sequences to other DNA sequences. 
0183 An antibody of the invention may be a human 
antibody or a humanised antibody. The term “human anti 
body', as used herein, is intended to include antibodies 
having variable regions in which both the framework and 
CDR regions are derived from human germline immuno 
globulin sequences. Furthermore, if the antibody contains a 
constant region, the constant region also is derived from 
human germline immunoglobulin sequences. The human 
antibodies of the invention may include amino acid residues 
not encoded by human germline immunoglobulin sequences 
(e.g., mutations introduced by random or site-specific muta 
genesis in vitro or by Somatic mutation in vivo). However, 
the term “human antibody', as used herein, is not intended 
to include antibodies in which CDR sequences derived from 
the germline of another mammalian species, such as a 
mouse, have been grafted onto human framework 
Sequences. 

0.184 Such a human antibody may be a human mono 
clonal antibody. Such a human monoclonal antibody may be 
produced by a hybridoma which includes a B cell obtained 
from a transgenic nonhuman animal, e.g., a transgenic 
mouse, having a genome comprising a human heavy chain 
transgene and a light chain transgene fused to an immortal 
ized cell. 
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0185. Human antibodies may be isolated from sequence 
libraries built on selections of human germline sequences 
further diversified with natural and synthetic sequence diver 
sity. 
0186 Human antibodies may be prepared by in vitro 
immunisation of human lymphocytes followed by transfor 
mation of the lymphocytes with Epstein-Barr virus. 
0187. The term “human antibody derivatives” refers to 
any modified form of the human antibody, e.g., a conjugate 
of the antibody and another agent or antibody. 
0188 The term “humanized antibody' is intended to refer 
to a human/non-human chimeric antibody that contains a 
minimal sequence (CDR regions) derived from non-human 
immunoglobulin. Humanized antibodies are thus human 
immunoglobulins (recipient antibody) in which residues 
from a hyper-variable region of the recipient are replaced by 
residues from a hyperVariable region of a non-human spe 
cies (donor antibody) Such as mouse, rat, rabbit, or non 
human primate having the desired specificity, affinity, and 
capacity. In some instances, FR residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. An example of Such a modification is the intro 
duction of one or more so-called back-mutations, such as is 
described in example 2. 
Furthermore, humanized antibodies may comprise residues 
that are not found in the recipient antibody or in the donor 
antibody. These modifications are made to further refine 
antibody performance. In general, a humanized antibody 
will comprise substantially all of at least one, and typically 
two, variable domains, in which all or substantially all of the 
hyperVariable loops correspond to those of a non-human 
immunoglobulin and all or substantially all of the FR 
residues are those of a human immunoglobulin sequence. 
The humanized antibody can optionally also comprise at 
least a portion of an immunoglobulin constant region (Fc), 
typically that of a human immunoglobulin. 
0189 Antibodies of the invention can be tested for bind 
ing to the target protein by, for example, standard ELISA or 
Western blotting. An ELISA assay can also be used to screen 
for hybridomas that show positive reactivity with the target 
protein. The binding specificity of an antibody may also be 
determined by monitoring binding of the antibody to cells 
expressing the target protein, for example by flow cytom 
etry. 
0190. The specificity of an antibody of the invention for 
target protein may be further studied by determining 
whether or not the antibody binds to other proteins. For 
example, where it is desired to produce an antibody that 
specifically binds TFPI or a particular part, e.g. epitope, of 
TFPI, the specificity of the antibody may be assessed by 
determining whether or not the antibody also binds to other 
molecules or modified forms of TFPI that lack the part of 
interest. 

0191 As explained above, antibodies of the invention 
may modify the activity of TFPI. Antibodies having the 
required binding properties may thus be further tested to 
determine their effects on the activity of TFPI. Thus, meth 
ods may be used to identify suitable antibodies that are 
capable of binding to TFPI and that are capable of modify 
ing, and in particular reducing, its activity. 
0.192 Once a suitable antibody has been identified and 
selected, the amino acid sequence of the antibody may be 
identified by methods known in the art. The genes encoding 
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the antibody can be cloned using specific and/or degenerate 
primers. The antibody may be recombinantly produced by 
routine methods. 

0193 A“polypeptide' is used herein in its broadest sense 
to refer to a compound of two or more subunit amino acids, 
amino acid analogs, or other peptidomimetics. The term 
"polypeptide' thus includes short peptide sequences and 
also longer polypeptides and proteins. As used herein, the 
term "amino acid may refer to natural and/or unnatural or 
synthetic amino acids, D and/or L optical isomers, and 
amino acid analogs and peptidomimetics. 
0194 The present inventors have identified a murine 
antibody as described in the examples. This antibody is 
referred to herein as TFPI-4F36A1B2 (alternatively, 4 F36 or 
MuTFPI4F36). The present invention encompasses this anti 
body, variants and fragments thereof including chimeric 
antibodies and humanised antibodies—which retain one or 
more activities of the murine antibody and which are also 
described in the examples. The activities of this antibody 
include the ability to bind to TFPI, the ability to bind to 
specific locations in the TFPI molecule and the ability to 
inhibit the activity of TFPI. 
0.195 A suitable fragment or variant of this antibody will 
retain the ability to bind to TFPI. It will preferably retain the 
ability to specifically bind to TFPI. It will preferably retain 
the ability to specifically bind to the same or similar epitope 
or region of the TFPI molecule as the antibody 
(MuTFPI4F36) from which it is derived. It will preferably 
retain one or more additional functions of the antibody from 
which it is derived, such as the ability to inhibit TFPI activity 
or the ability to reduce clotting time, optionally without 
leading to a drop in platelet numbers. 
0196. Polypeptide or antibody “fragments’ according to 
the invention may be made by truncation, e.g. by removal of 
one or more amino acids from the N and/or C-terminal ends 
of a polypeptide. Up to 10, up to 20, up to 30, up to 40 or 
more amino acids may be removed from the N and/or C 
terminal in this way. Fragments may also be generated by 
one or more internal deletions. 

0.197 An antibody of the invention may be, or may 
comprise, a fragment of the MuTFPI4F36 antibody or a 
variant thereof. The antibody of the invention may be or may 
comprise an antigen binding portion of this antibody or a 
variant thereofas discussed further above. For example, the 
antibody of the invention may be a Fab fragment of this 
antibody or a variant thereof or may be a single chain 
antibody derived from this antibody or a variant thereof. 
0198 The amino acid sequences of the light and heavy 
chains of the MuTFPI4F36 antibody are given in SEQ ID 
NOs: 6 and 10 respectively. The amino acid sequences for 
the VL and VH chains of the MuTFPI4F36 antibody are 
given in SEQID NOs: 4 and 8 respectively. The amino acid 
sequences of the light and heavy chains of one humanised 
antibody, HZTFPI4F36, are given in SEQ ID NOs: 21 and 
24, respectively. The amino acid sequences for the VL and 
VH chains of HzTFPI4F36 are given in SEQ ID NOs: 15 
and 18, respectively. 
0199 An antibody of the invention may comprise the 
MuTFPI4F36 light chain amino acid sequence shown in 
SEQID NO: 6 or a fragment or variant thereof. An antibody 
may additionally or alternatively comprise the MuTFPI4F36 
heavy chain amino acid sequence shown in SEQID NO: 10 
or a fragment or variant thereof as described herein. 
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0200. An antibody of the invention may comprise the VL 
amino acid sequence of SEQ ID No. 4, or a fragment or 
variant thereof. An antibody of the invention may comprise 
the VHamino acid sequence of SEQID No: 8, or a fragment 
or variant thereof. An antibody of the invention may com 
prise both (a) the VL amino acid sequence of SEQ ID No: 
4, or a fragment or variant thereof and (b) the VHamino acid 
sequence of SEQID No: 8, or a fragment or variant thereof. 
0201 An antibody of the invention may comprise a 
fragment of one of the VL or VH amino acid sequences 
shown in FIG. 2. For example, an antibody of the invention 
may comprise a fragment of at least 7, at least 8, at least 9, 
at least 10, at least 12, at least 15, at least 18, at least 20 or 
at least 25 consecutive amino acids from SEQ ID No. 4 or 
8. Such a fragment will preferably retain one or more of the 
functions discussed above, such as the ability to bind to 
TFPI. 

0202) A suitable fragment or variant of any of these VH 
or VL sequences will retain the ability to bind to TFPI. It will 
preferably retain the ability to specifically bind to TFPI. It 
will preferably retain the ability to specifically bind to the 
same or similar epitope or region of the TFPI molecule as the 
antibody (MuTFPI4F36) from which it is derived. It will 
preferably retain one or more additional functions of the 
antibody from which it is derived, such as the ability to 
inhibit TFPI activity or the ability to reduce clotting time, 
optionally without leading to a drop in platelet numbers. 
0203) A suitable fragment or variant VL sequence will 
preferably retain the amino acids at positions E31, S32, D33, 
Y37, A96, T97, H98 and F99 in SEQ ID NO: 4. A suitable 
fragment or variant VH sequence will preferably retain the 
amino acids at positions N31, R53, S54, S56, Y57, Y59, 
F60, P61, D62, Q65, Y102, D103 and D106 in SEQID NO: 
8. A suitable fragment or variant antibody will preferably 
retain the amino acids at positions E31, S32, D33, Y37, A96, 
T97, H98 and F99 in SEQID NO. 4 and the amino acids at 
positions N31, R53, S54, S56, Y57, Y59, F60, P61, D62, 
Q65, Y102, D103 and D106 in SEQID NO:8. As identified 
in FIG. 3, these are the residues in the MuTFPI4F36 light 
and heavy chain sequences that have a heavy atom within a 
distance of 4 A from a heavy atom when MuTFPI4F36 is 
bound to the K2 domain of TFPI. 
0204 An antibody of the invention may comprise a CDR 
region from the specific antibody identified herein Such as a 
CDR region from within SEQ ID NO: 4 or 8. Such an 
antibody will preferably retain the ability to bind to TFPI as 
described herein. For example, as shown in FIG. 3., using the 
Kabat definition, the CDR sequences within the light chain 
of MuTFPI4F36 may be identified at amino acids 24 to 39, 
55 to 61 and 94 to 102 of SEQ ID NO. 4 or SEQID NO: 6. 
The CDR sequences within the heavy chain of MuTFPI4F36 
may be identified at amino acids 31 to 35, 50 to 66 and 99 
to 110 of SEQIS NO: 8 or SEQID NO: 10. An antibody of 
the invention may comprise one or more of the CDR 
sequences shown in FIG. 3. For example, an antibody of the 
invention may comprise one, two or all three of the amino 
acid sequences shown at residues 24 to 39, 55 to 61 and 94 
to 102 of SEQID NO: 6. An antibody of the invention may 
alternatively or additionally comprise one, two or all three of 
the amino acid sequences shown at residues 31 to 35, 50 to 
66 and 99 to 110 of SEQ ID NO: 10. An antibody of the 
invention may comprise all six amino acid sequences shown 
at residues 24 to 39, 55 to 61 and 94 to 102 of SEQID NO: 
6 and 31 to 35, 50 to 66 and 99 to 110 of SEQ ID NO: 10. 

Apr. 27, 2017 

0205 An antibody of the invention may be a humanized 
antibody, such as the antibody herein referred to as 
HZTFPI4F36 (mAbTFPI 2021). Such an antibody may 
comprise one or more CDR regions from within SEQ ID 
NO: 15 or 18. 
0206. The heavy chain of an antibody according to the 
invention may comprise a CDR1 sequence of amino acids 
31 to 35 (NYAMS) of SEQID NO: 18, wherein one of these 
amino acids may be substituted by a different amino acid. 
0207. The heavy chain of an antibody according to the 
invention may comprise a CDR2 sequence of amino acids 
50 to 66 (TISRSGSYSYFPDSVQG) of SEQ ID NO: 18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid. 
0208. The heavy chain of an antibody according to the 
invention may comprise a CDR3 sequence of amino acids 
99 to 110 (LGGYDEGDAMDS) of SEQ ID NO: 18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid. 
0209. The light chain of an antibody according to the 
invention may comprise a CDR1 sequence of amino acids 
24 to 39 (KSSQSLLESDGKTYLN) of SEQ ID NO: 15, 
wherein one, two or three of these amino acids may be 
substituted with a different amino acid. 
0210. The light chain of an antibody according to the 
invention may comprise a CDR2 sequence of amino acids 
55 to 61 (LVSILDS) of SEQID NO: 15, wherein one or two 
of these amino acids may be substituted with a different 
amino acid. 
0211. The light chain of an antibody according to the 
invention may comprise a CDR3 sequence of amino acids 
94 to 102 (LQATHFPQT) of SEQ ID NO: 15, wherein one 
or two of these amino acids may be substituted with a 
different amino acid. 
0212 More particularly, an antibody of the invention 
may have a heavy chain that comprises: 

0213 a CDR1 sequence which, in turn, comprises 
amino acids 31 to 35 (NYAMS) of SEQID NO:18; and 

0214) a CDR2 sequence which, in turn, comprises 
amino acids 50 to 66 (TISRSGSYSYFPDSVQG) of 
SEQ ID NO:18; and 

0215 a CDR3 sequence which, in turn, comprises 
amino acids 99 to 110 (LGGYDEGDAMDS) of SEQ 
ID NO:18. 

An antibody of the invention may have a light chain that 
comprises: 

0216 a CDR1 sequence which, in turn, comprises 
amino acids 24 to 39 (KSSQSLLESDGKTYLN) of 
SEQ ID NO: 15; and 

0217 a CDR2 sequence which, in turn, comprises 
amino acids 55 to 61 (LVSILDS) of SEQ ID NO: 15; 
and 

0218 a CDR3 sequence which, in turn, comprises 
amino acids 94 to 102 (LQATHFPQT) of SEQID NO: 
15. 

0219. An antibody of the invention may comprise any 
combination of the above CDR regions. 
0220 More particularly, framework region 2 (FR2) of the 
heavy chain of an antibody of the invention may comprise 
amino acids: 

0221 T, in the position corresponding to position 40, 
0222 E. in the position corresponding to position 42, 
0223 R, in the position corresponding to position 44 
and 
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0224 A, in the position corresponding to position 49 
of SEQ ID NO: 18. 

0225. Alternatively, said FR2 of the heavy chain may 
comprise amino acids 36 to 49 of SEQ ID NO: 18. 
0226. An antibody of the invention may comprise any 
one of the following: 

0227 the VL amino acid sequence of SEQID NO: 15. 
0228. The VHamino acid sequence of SEQ ID NO: 

18. 
0229 SEQ ID NOs: 15 and 18. 
0230. The light chain amino acid sequence of SEQID 
NO: 21. 

0231. The heavy chain amino acid sequence of SEQID 
NO: 24. 

0232 SEQ ID NOs: 21 and 24. 
0233. An antibody of the invention may alternatively be 
or may comprise a variant of one of these specific sequences 
such a variant of the MuTFPI4F36 antibody or a variant of 
HZTFPI4F36. For example, a variant may be a substitution, 
deletion or addition variant of any of the above amino acid 
Sequences. 
0234. A variant according to the current invention may be 
an antibody that does not comprise: 

0235 N, in the position corresponding to position 31 
of the CDR1 region of SEQ ID NO: 18; 

0236 R, in the position corresponding to position 53; 
0237 S, in the position corresponding to position 54; 
0238 S, in the position corresponding to position 56; 
0239 Y, in the position corresponding to position 57; 
0240 Y, in the position corresponding to position 59; 
0241 F, in the position corresponding to position 60; 
0242 P. in the position corresponding to position 61; 
0243 D, in the position corresponding to position 62; 
and 

0244 Q, in the position corresponding to position 65; 
of the CDR2 region of SEQ ID NO: 18. 

0245 Y. in the position corresponding to position 102; 
0246 D. in the position corresponding to position 103; 
and 

0247 D. in the position corresponding to position 106: 
of the CDR3 region of SEQ ID NO: 18. 

0248 E, in the position corresponding to position 31; 
0249 S, in the position corresponding to position 32: 
0250 D, in the position corresponding to position 33: 
and 

0251 Y, in the position corresponding to position 37; 
of the CDR1 region of SEQ ID NO: 15. 

0252 A, in the position corresponding to position 96; 
0253 T. in the position corresponding to position 97; 
0254 H, in the position corresponding to position 98: 
and 

0255 F, in the position corresponding to position 99; 
of the CDR3 region of SEQ ID NO: 15. 
0256 A variant antibody may comprise 1, 2, 3, 4, 5, up 

to 10, up to 20, up to 30 or more amino acid substitutions 
and/or deletions and/or insertions from the specific 
sequences and fragments discussed above. “Deletion' Vari 
ants may comprise the deletion of individual amino acids, 
deletion of Small groups of amino acids such as 2, 3, 4 or 5 
amino acids, or deletion of larger amino acid regions. Such 
as the deletion of specific amino acid domains or other 
features. “Insertion variants may comprise the insertion of 
individual amino acids, insertion of Small groups of amino 
acids Such as 2, 3, 4 or 5 amino acids, or insertion of larger 
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amino acid regions, such as the insertion of specific amino 
acid domains or other features. “Substitution variants pref 
erably involve the replacement of one or more amino acids 
with the same number of amino acids and making conser 
Vative amino acid Substitutions. For example, an amino acid 
may be substituted with an alternative amino acid having 
similar properties, for example, another basic amino acid, 
another acidic amino acid, another neutral amino acid, 
another charged amino acid, another hydrophilic amino acid, 
another hydrophobic amino acid, another polar amino acid, 
another aromatic amino acid or another aliphatic amino acid. 
Some properties of the 20 main amino acids which can be 
used to select suitable substituents are as follows: 

Ala aliphatic, hydrophobic, neutral Met hydrophobic, neutral 
CyS polar, hydrophobic, neutral ASn polar, hydrophilic, 

neutral 
Asp polar, hydrophilic, charged (-) Pro hydrophobic, neutral 
Glu polar, hydrophilic, charged (-) Glin polar, hydrophilic, 

neutral 
Phe aromatic, hydrophobic, neutral Arg polar, hydrophilic, 

charged (+) 
Gly aliphatic, neutral Ser polar, hydrophilic, 

neutral 
His aromatic, polar, hydrophilic, Thr polar, hydrophilic, 

charged (+) neutral 
Ile aliphatic, hydrophobic, neutral Val aliphatic, hydrophobic, 

neutral 
Lys polar, hydrophilic, charged (+) Trp aromatic, hydrophobic, 

neutral 
Leu aliphatic, hydrophobic, neutral Tyr aromatic, polar, 

hydrophobic 

0257 Preferred “derivatives” or “variants' include those 
in which instead of the naturally occurring amino acid the 
amino acid which appears in the sequence is a structural 
analog thereof. Amino acids used in the sequences may also 
be derivatized or modified, e.g. labelled, providing the 
function of the antibody is not significantly adversely 
affected. 

0258 Substitutions may be, but are not limited to, con 
servative substitutions. 

0259 Derivatives and variants as described above may be 
prepared during synthesis of the antibody or by post-pro 
duction modification, or when the antibody is in recombi 
nant form using the known techniques of site-directed 
mutagenesis, random mutagenesis, or enzymatic cleavage 
and/or ligation of nucleic acids. 
0260. In another aspect, the present invention features 
multispecific molecules comprising an anti-TFPI antibody, 
or an antigen-fragment thereof, of the invention. Such 
multispecific molecules include bispecific molecules com 
prising at least one first binding specificity for TFPI and a 
second binding specificity for a second target epitope. One 
type of bispecific molecules are bispecific antibodies as 
known in the art. Bispecific antibodies, or indeed multisp 
cific antibodies, may be prepared as full-length antibodies or 
antibody fragments (e.g. F(ab')2 bispecific antibodies) or 
any other antigen-binding fragments described herein. 
0261. In one aspect, the present invention features anti 
body derivatives (or immunoconjugates), Such as anfi-TFPI 
antibodies conjugated or covalently bound to a second 
agent. The second agent can be linked to the antibody 
directly or indirectiy, using any of a large number of 
available methods known to the person skilled in the art. For 
example, an agent can be attached at the hinge region of the 
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reduced antibody component via disulfide bond formation, 
using cross-linkers such as N-Succinyl S-(2-pyridyldithio) 
proprionate (SPDP), or via a carbohydrate moiety in the Fc 
region of the antibody. 
0262. In one aspect, antibodies of the invention may be 
engineered to include modifications within the Fc region, 
typically to alter one or more functional properties of the 
antibody, such as serum half-life, complement fixation, Fc 
receptor binding, protein stability and/or antigen-dependent 
cellular cytotoxicity, or lack thereof. Furthermore, an anti 
body of the invention may be chemically modified (e.g., one 
or more chemical moieties can be attached to the antibody) 
or be modified to alter its glycosylation, again to alter one or 
more functional properties of the antibody. 
0263. If desired, the class of an antibody may be 
“switched by known techniques. For example, an antibody 
that was originally produced as an IgM molecule may be 
class Switched to an IgG antibody. Class Switching tech 
niques also may be used to convert one IgG Subclass to 
another, for example: from IgG1 to IgG2 or IgG4; from 
IgG2 to IgG1 or IgG4; or from IgG4 to IgG1 or IgG2. 
Engineering of antibodies to generate constant region chi 
meric molecules, by combination of regions from different 
IgG Subclasses, can also be performed. 
0264. In one embodiment, the hinge region of CHI is 
modified such that the number of cysteine residues in the 
hinge region is altered, e.g., increased or decreased. This 
approach is described further for instance in U.S. Pat. No. 
5,677,425 by Bodmer et al. 
0265. The constant region may further be modified to 
stabilize the antibody, e.g., to reduce the risk of a bivalent 
antibody separating into two monovalent VH-VL fragments. 
For example, in an 1gG4 constant region, residue 5241 may 
be mutated to a proline (P) residue to allow complete 
disulphide bridge formation at the hinge (see, e.g., Angal et 
al., Mol Immunol. 199S; 30:105-8). 
0266 Variant antibodies according to the invention may 
have amino acid sequences which are more than 60%, or 
more than 65%, or more than 70%, or more than 75%, or 
more than 80%, preferably more than 85%, such as more 
than 90%, such as more than 95% identical to SEQID NOs: 
4 or 8, or fragments thereof. Other variant antibodies accord 
ing to the invention may have amino acid sequences which 
are more than 60%, or more than 65%, or more than 70%, 
or more than 75%, or more than 80%, preferably more than 
85%, such as more than 90%, such as more than 95% 
identical to SEQ ID NOs: 15 or 18, or a fragment thereof. 
This level of amino acid identity may be seen across the full 
length of the relevant SEQ ID NO sequence or over a part 
of the sequence, such as across 20, 30, 40, 50, 60, 70, 75, 80. 
90, 100, 150, 200 or more amino acids, depending on the 
size of the full length polypeptide. 
0267 In connection with amino acid sequences, 
“sequence identity” refers to sequences which have the 
stated value when assessed using ClustalW (Thompson et 
al., 1994, supra) with the following parameters: 
0268 Pairwise alignment parameters—Method: accu 

rate, Matrix: PAM, Gap open penalty: 10.00, Gap extension 
penalty: 0.10; 
0269 Multiple alignment parameters—Matrix: PAM, 
Gap open penalty: 10.00, 9% identity for delay: 30, Penalize 
end gaps: on, Gap separation distance: 0, Negative matrix: 
no, Gap extension penalty: 0.20, Residue-specific gap pen 
alties: on, Hydrophilic gap penalties: on, Hydrophilic resi 
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dues: GPSNDQEKR. Sequence identity at a particular resi 
due is intended to include identical residues which have 
simply been derivatized. 
0270. The present invention thus provides antibodies 
having specific VH and VL amino acid sequences and 
variants and fragments thereof which maintain the function 
or activity of these VH and VL domains. 
0271 Accordingly, an antibody of the invention may 
comprise: 
0272 (a) a light chain variable region amino acid 
sequence of SEQ ID NO: 4; 
0273 (b) a fragment of at least 7 amino acids of (a) which 
retains the ability to specifically bind to TFPI; or 
0274 (c) a variant of (a) having at least 70% amino acid 
sequence identity to a sequence of (a) and retaining the 
ability to specifically bind to TFPI. 
0275 
0276 (a) a heavy chain variable region amino acid 
sequence of SEQ ID NO: 8: 
0277 (b) a fragment of at least 7 amino acids of (a) which 
retains the ability to specifically bind to TFPI; or 
0278 (c) a variant of (a) having at least 70% amino acid 
sequence identity to a sequence of (a) and retaining the 
ability to specifically bind to TFPI. 
0279 An antibody of the invention may comprise the 
light chain variable region of SEQID NO. 4 and the heavy 
chain variable region of SEQID NO: 8. 
0280. An antibody of the invention may comprise: 
(0281 (a) the light chain variable region of SEQ ID NO: 
4 and the heavy chain variable region of SEQ ID NO: 8: 
0282 (b) a variant of (a) in which one or both of the 
heavy chain and light chain sequences is modified such that 
it comprises a fragment of at least 7 amino acids of the 
sequence specified in (a); or 
0283 (c) a variant of (a) or (b) in which one or both of 
the heavy and light chain sequences is modified Such that it 
has at least 70% amino acid sequence identity to a sequence 
of (a) or (b): 
wherein the antibody retains the ability to specifically bind 
to TFPI. The antibody may also retain one or more addi 
tional functions or activities of an antibody of the invention 
as described herein such as the ability to inhibit TFPI or the 
ability to shorten clotting time, optionally without leading to 
a drop in platelet numbers. 
(0284. Preferred fragments and variants of SEQID NO: 4 
will comprise (i) amino acids 24 to 39 of SEQ ID NO: 6; 
and/or (ii) amino acids 55 to 61 of SEQ ID NO: 6; and/or 
(iii) amino acids 94 to 102 of SEQ ID NO: 6. Preferred 
fragments and variants of SEQ ID NO: 8 will comprise (i) 
amino acids 31 to 35 of SEQ ID NO: 10; and/or (ii) amino 
acids 50 to 66 of SEQ ID NO: 10; and/or (iii) amino acids 
99 to 110 of SEQ ID NO: 10. 
(0285) Further preferred variants of SEQ ID NO. 4 will 
comprise amino acids 31 to 33, 37 and 96 to 99 of SEQ ID 
NO: 6. Further preferred variants of SEQ ID NO: 8 will 
comprise amino acids 31, 53, 54, 56, 57, 59, 60, 61, 62, 65, 
102, 103 and 106 of SEQ ID NO: 10. 
0286 
0287 (a) a light chain variable region amino acid 
sequence of SEQ ID NO: 15: 

An antibody of the invention may comprise: 

An antibody of the invention may comprise: 
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0288 (b) a fragment of at least 7 amino acids of (a) which 
retains the ability to specifically bind to TFPI; or 
0289 (c) a variant of (a) having at least 70% amino acid 
sequence identity to a sequence of (a) and retaining the 
ability to specifically bind to TFPI. 
0290 An antibody of the invention may comprise: 
0291 (a) a heavy chain variable region amino acid 
sequence of SEQ ID NO: 18; 
0292 (b) a fragment of at least 7 amino acids of (a) which 
retains the ability to specifically bind to TFPI; or 
0293 (c) a variant of (a) having at least 70% amino acid 
sequence identity to a sequence of (a) and retaining the 
ability to specifically bind to TFPI. 
0294. An antibody of the invention may comprise the 
light chain variable region of SEQID NO: 15 and the heavy 
chain variable region of SEQ ID NO: 18. 
0295) An antibody of the invention may comprise: 
0296 (a) the light chain variable region of SEQ ID NO: 
15 and the heavy chain variable region of SEQ ID NO: 18; 
0297 (b) a variant of (a) in which one or both of the 
heavy chain and light chain sequences is modified Such that 
it comprises a fragment of at least 7 amino acids of the 
sequence specified in (a); or 
0298 (c) a variant of (a) or (b) in which one or both of 
the heavy and light chain sequences is modified Such that it 
has at least 70% amino acid sequence identity to a sequence 
of (a) or (b): 
wherein the antibody retains the ability to specifically bind 
to TFPI. The antibody may also retain one or more addi 
tional functions or activities of an antibody of the invention 
as described herein such as the ability to inhibit TFPI or the 
ability to shorten clotting time, optionally without leading to 
a drop in platelet numbers. 
0299. As explained above, an antibody of the invention 
may bind to the same epitope or region as another antibody 
of the invention. Thus it will be seen that such an antibody 
may bind to the same epitope or region of TFPI as any of the 
specific antibodies, fragments and variants described herein. 
0300. The invention also relates to polynucleotides that 
encode antibodies of the invention. Thus, a polynucleotide 
of the invention may encode any antibody as described 
herein. The terms “nucleic acid molecule' and “polynucle 
otide' are used interchangeably herein and refer to a poly 
meric form of nucleotides of any length, either deoxyribo 
nucleotides or ribonucleotides, or analogs thereof. Non 
limiting examples of polynucleotides include a gene, a gene 
fragment, messenger RNA (mRNA). cDNA, recombinant 
polynucleotides, plasmids, vectors, isolated DNA of any 
sequence, isolated RNA of any sequence, nucleic acid 
probes, and primers. A polynucleotide of the invention may 
be provided in isolated or purified form. 
0301 A nucleic acid sequence which “encodes a 
selected polypeptide is a nucleic acid molecule which is 
transcribed (in the case of DNA) and translated (in the case 
of mRNA) into a polypeptide in vivo when placed under the 
control of appropriate regulatory sequences. The boundaries 
of the coding sequence are determined by a start codon at the 
5' (amino) terminus and a translation stop codon at the 3' 
(carboxy) terminus. For the purposes of the invention, Such 
nucleic acid sequences can include, but are not limited to, 
cDNA from viral, prokaryotic or eukaryotic mRNA, 
genomic sequences from viral or prokaryotic DNA or RNA, 
and even synthetic DNA sequences. A transcription termi 
nation sequence may be located 3' to the coding sequence. 

Apr. 27, 2017 

0302) In one embodiment, a polynucleotide of the inven 
tion comprises a sequence which encodes a VH or VL amino 
acid sequence as described above. For example, a polynucle 
otide of the invention may encode a polypeptide comprising 
the sequence of SEQID NO. 4 or 8, or a variant or fragment 
thereof as described above. Such a polynucleotide may 
consist of or comprise a nucleic acid sequence of any one of 
SEQ ID NOs: 3, 5, 7 and 9. A suitable polynucleotide 
sequence may alternatively be a variant of one of these 
specific polynucleotide sequences. For example, a variant 
may be a substitution, deletion or addition variant of any of 
the above nucleic acid sequences. A variant polynucleotide 
may comprise 1, 2, 3, 4, 5, up to 10, up to 20, up to 30, up 
to 40, up to 50, up to 75 or more nucleic acid substitutions 
and/or deletions from the sequences given in the sequence 
listing. 
0303 Suitable variants may be at least 70% homologous 
to a polynucleotide of any one of SEQID NOs: 3, 5, 7 and 
9 preferably at least 80 or 90% and more preferably at least 
95%, 97% or 99% homologous thereto. Methods of mea 
Suring homology are well known in the art and it will be 
understood by those of skill in the art that in the present 
context, homology is calculated on the basis of nucleic acid 
identity. Such homology may exist over a region of at least 
15, preferably at least 30, for instance at least 40, 60, 100, 
200 or more contiguous nucleotides. Such homology may 
exist over the entire length of the unmodified polynucleotide 
Sequence. 

0304 Methods of measuring polynucleotide homology or 
identity are known in the art. For example, the UWGCG 
Package provides the BESTFIT program which can be used 
to calculate homology (e.g. used on its default settings) 
(Devereux et al (1984) Nucleic Acids Research 12, p 387 
395). 
(0305. The PILEUP and BLAST algorithms can also be 
used to calculate homology or line up sequences (typically 
on their default settings), for example as described in 
Altschul S. F. (1993) J Mol Evol 36:290-300; Altschul, S, F 
et al (1990) J Mol Biol 215:403-10. 
0306 Software for performing BLAST analysis is pub 
licly available through the National Centre for Biotechnol 
ogy Information (http://www.ncbi.nlm.nih.gov/). This algo 
rithm involves first identifying high scoring sequence pair 
(HSPs) by identifying short words of length W in the query 
sequence that either match or satisfy some positive-valued 
threshold score T when aligned with a word of the same 
length in a database sequence. T is referred to as the 
neighbourhood word score threshold (Altschuletal, supra). 
These initial neighbourhood word hits act as seeds for 
initiating searches to find HSPs containing them. The word 
hits are extended in both directions along each sequence for 
as far as the cumulative alignment score can be increased. 
Extensions for the word hits in each direction are halted 
when: the cumulative alignment score goes to Zero or below, 
due to the accumulation of one or more negative-scoring 
residue alignments; or the end of either sequence is reached. 
The BLAST algorithm parameters W. Tand X determine the 
sensitivity and speed of the alignment. The BLAST program 
uses as defaults a word length (W) of 11, the BLOSUM62 
scoring matrix (see Henikoff and Henikoff (1992) Proc. 
Natl. Acad. Sci. USA 89:10915-10919) alignments (B) of 
50, expectation (E) of 10, M-5, N=4, and a comparison of 
both strands. 
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0307 The BLAST algorithm performs a statistical analy 
sis of the similarity between two sequences; see e.g., Karlin 
and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873 
5787. One measure of similarity provided by the BLAST 
algorithm is the smallest sum probability (P(N)), which 
provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would 
occur by chance. For example, a sequence is considered 
similar to another sequence if the Smallest Sum probability 
in comparison of the first sequence to the second sequence 
is less than about 1, preferably less than about 0.1, more 
preferably less than about 0.01, and most preferably less 
than about 0.001. 

0308 The homologue may differ from a sequence in the 
relevant polynucleotide by less than 3, 5, 10, 15, 20 or more 
mutations (each of which may be a Substitution, deletion or 
insertion). These mutations may be measured over a region 
of at least 30, for instance at least 40, 60 or 100 or more 
contiguous nucleotides of the homologue. 
0309. In one embodiment, a variant sequence may vary 
from the specific sequences given in the sequence listing by 
virtue of the redundancy in the genetic code. The DNA code 
has 4 primary nucleic acid residues (A, T, C and G) and uses 
these to “spell three letter codons which represent the 
amino acids the proteins encoded in an organism's genes. 
The linear sequence of codons along the DNA molecule is 
translated into the linear sequence of amino acids in the 
protein(s) encoded by those genes. The code is highly 
degenerate, with 61 codons coding for the 20 natural amino 
acids and 3 codons representing “stop' signals. Thus, most 
amino acids are coded for by more than one codon in fact 
several are coded for by four or more different codons. A 
variant polynucleotide of the invention may therefore 
encode the same polypeptide sequence as another polynucle 
otide of the invention, but may have a different nucleic acid 
sequence due to the use of different codons to encode the 
same amino acids. 

0310 Polynucleotide “fragments’ according to the 
invention may be made by truncation, e.g. by removal of one 
or more nucleotides from one or both ends of a polynucle 
otide. Up to 10, up to 20, up to 30, up to 40, up to 50, up to 
75, up to 100, up to 200 or more amino acids may be 
removed from the 3' and/or 5' end of the polynucleotide in 
this way. Fragments may also be generated by one or more 
internal deletions. Such fragments may be derived from a 
sequence of SEQ ID NOs: 3, 5, 7 and 9 or may be derived 
from a variant polynucleotide as described herein. Prefer 
ably such fragments are between 30 and 300 residues in 
length, e.g. 30 to 300, 30 to 200, 30 to 100, 100 to 200 or 
200 to 300 residues. Alternatively, fragments of the inven 
tion may be longer sequences, for example comprising at 
least 50%, at least 60%, at least 70%, at least 80% or at least 
90% of a full length polynucleotide of the invention. 
0311. An antibody of the invention may thus be produced 
from or delivered in the form of a polynucleotide which 
encodes, and is capable of expressing, it. Where the antibody 
comprises two or more chains, a polynucleotide of the 
invention may encode one or more antibody chains. For 
example, a polynucleotide of the invention may encode an 
antibody light chain, an antibody heavy chain or both. Two 
polynucleotides may be provided, one of which encodes an 
antibody light chain and the other of which encodes the 
corresponding antibody heavy chain. Such a polynucleotide 
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or pair of polynucleotides may be expressed together Such 
that an antibody of the invention is generated. 
0312 Polynucleotides of the invention can be synthe 
sised according to methods well known in the art, as 
described by way of example in Sambrook et al (1989, 
Molecular Cloning a laboratory manual; Cold Spring Har 
bor Press). 
0313 The nucleic acid molecules of the present invention 
may be provided in the form of an expression cassette which 
includes control sequences, signal peptide sequences oper 
ably linked to the inserted sequence, thus allowing for 
expression of the antibody of the invention in vivo. These 
expression cassettes, in turn, are typically provided within 
vectors (e.g., plasmids or recombinant viral vectors). Such 
an expression cassette may be administered directly to a host 
Subject. Alternatively, a vector comprising a polynucleotide 
of the invention may be administered to a host subject. 
Preferably the polynucleotide is prepared and/or adminis 
tered using a genetic vector. A suitable vector may be any 
vector which is capable of carrying a sufficient amount of 
genetic information, and allowing expression of a polypep 
tide of the invention. 
0314. The present invention thus includes expression 
vectors that comprise Such polynucleotide sequences. Such 
expression vectors are routinely constructed in the art of 
molecular biology and may for example involve the use of 
plasmid DNA and appropriate initiators, promoters, enhanc 
ers, signal peptide sequences and other elements, such as for 
example polyadenylation signals which may be necessary, 
and which are positioned in the correct orientation, in order 
to allow for expression of a peptide of the invention. Other 
suitable vectors would be apparent to persons skilled in the 
art. By way of further example in this regard we refer to 
Sambrook et al. 

0315. The invention also includes cells that have been 
modified to express an antibody of the invention. Such cells 
include transient, or preferably stable higher eukaryotic cell 
lines, such as mammalian cells or insect cells, lower eukary 
otic cells, such as yeast or prokaryotic cells such as bacterial 
cells. Particular examples of cells which may be modified by 
insertion of vectors or expression cassettes encoding for an 
antibody of the invention include mammalian HEK293, 
CHO, BHK, NSO and human retina cells. Preferably the cell 
line selected will be one which is not only stable, but also 
allows for mature glycosylation and cell Surface expression 
of a polypeptide. 
0316 Such cell lines of the invention may be cultured 
using routine methods to produce an antibody of the inven 
tion, or may be used therapeutically or prophylactically to 
deliver antibodies of the invention to a subject. Alterna 
tively, polynucleotides, expression cassettes or vectors of the 
invention may be administered to a cell from a subject ex 
vivo and the cell then returned to the body of the subject. 
0317. In another aspect, the present invention provides 
compositions and formulations comprising molecules of the 
invention, Such as the antibodies, polynucleotides, vectors 
and cells described herein. For example, the invention 
provides a pharmaceutical composition comprising one or 
more molecules of the invention, such as one or more 
antibodies of the invention, formulated together with a 
pharmaceutically acceptable carrier. 
0318. As used herein, “pharmaceutically acceptable car 
rier includes any and all solvents, dispersion media, coat 
ings, antibacterial and antifungal agents, isotonic and 
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absorption delaying agents, and the like that are physiologi 
cally compatible. Preferably, the carrier is suitable for par 
enteral, e.g. intravenous, intramuscular or Subcutaneous 
administration (e.g., by injection or infusion). Depending on 
the route of administration, the antibody may be coated in a 
material to protect the antibody from the action of acids and 
other natural conditions that may inactivate or denature the 
antibody. 
0319 Preferred pharmaceutically acceptable carriers 
comprise aqueous carriers or diluents. Examples of Suitable 
aqueous carriers that may be employed in the pharmaceu 
tical compositions of the invention include water, buffered 
water and saline. Examples of other carriers include ethanol, 
polyols (such as glycerol, propylene glycol, polyethylene 
glycol, and the like), and Suitable mixtures thereof, veg 
etable oils, such as olive oil, and injectable organic esters, 
such as ethyl oleate. Proper fluidity can be maintained, for 
example, by the use of coating materials. Such as lecithin, by 
the maintenance of the required particle size in the case of 
dispersions, and by the use of Surfactants. In many cases, it 
will be preferable to include isotonic agents, for example, 
Sugars, polyalcohols such as mannitol, Sorbitol, or sodium 
chloride in the composition. 
0320 A pharmaceutical composition of the invention 
also may include a pharmaceutically acceptable anti-oxi 
dant. These compositions may also contain adjuvants such 
as preservatives, wetting agents, emulsifying agents and 
dispersing agents. Prevention of presence of microorgan 
isms may be ensured both by sterilization procedures, supra, 
and by the inclusion of various antibacterial and antifungal 
agents, for example, paraben, chlorobutanol, phenol Sorbic 
acid, and the like. It may also be desirable to include isotonic 
agents, such as Sugars, sodium chloride, and the like into the 
compositions. In addition, prolonged absorption of the 
injectable pharmaceutical form may be brought about by the 
inclusion of agents which delay absorption Such as alumi 
num monostearate and gelatin. 
0321. Therapeutic compositions typically must be sterile 
and stable under the conditions of manufacture and storage. 
The composition can be formulated as a solution, micro 
emulsion, liposome, or other ordered structure Suitable to 
high drug concentration. 
0322 Sterile injectable solutions can be prepared by 
incorporating the active agent (e.g. antibody) in the required 
amount in an appropriate solvent with one or a combination 
of ingredients enumerated above, as required, followed by 
sterilization microfiltration. Generally, dispersions are pre 
pared by incorporating the active agent into a sterile vehicle 
that contains a basic dispersion medium and the required 
other ingredients from those enumerated above. In the case 
of sterile powders for the preparation of sterile injectable 
Solutions, the preferred methods of preparation are vacuum 
drying and freeze-drying (lyophilization) that yield a powder 
of the active agent plus any additional desired ingredient 
from a previously sterile-filtered solution thereof. 
0323 Pharmaceutical compositions of the invention may 
comprise additional active ingredients as well as an antibody 
of the invention. As mentioned above, compositions of the 
invention may comprise one or more antibodies of the 
invention. They may also comprise additional therapeutic or 
prophylactic agents. For example, where a pharmaceutical 
composition of the invention is intended for use in the 
treatment of a bleeding disorder, it may additionally com 
prise one or more agents intended to reduce the symptoms 
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of the bleeding disorder. For example, the composition may 
comprise one or more clotting factors. The composition may 
comprise one or more other components intended to 
improve the condition of the patient. For example, where the 
composition is intended for use in the treatment of patients 
Suffering from unwanted bleeding Such as patients under 
going Surgery or patients Suffering from trauma, the com 
position may comprise one or more analgesic, anaesthetic, 
immunosuppressant or anti-inflammatory agents. Also fall 
ing within the scope of the present invention are kits 
comprising antibodies or other compositions of the inven 
tion and instructions for use. Such a kit may further contain 
one ore more additional reagents. Such as an additional 
therapeutic or prophylactic agent as discussed above. 
0324. The antibodies, other molecules and compositions 
of the present invention have numerous in vitro and in vivo 
therapeutic utilities involving the treatment and prevention 
of clotting related disorders. For example, these antibodies 
and compositions can be administered to cells in culture, in 
vitro or ex vivo, or to human Subjects, e.g., in Vivo, to 
prevent or treat a variety of disorders. 
0325 In particular, the present invention provides meth 
ods for the treatment of bleeding disorders or for the 
enhancement of blood clotting comprising administering to 
a patient in need thereof an effective amount of an antibody 
or other molecule or composition of the invention. For 
example, such methods may be for the treatment of clotting 
factor deficiencies such as haemophilia A, haemophilia B, 
Factor XI deficiency, Factor VII deficiency, thrombocytope 
nia or von Willebrand’s disease. Such methods may be for 
the treatment of conditions accompanied by the presence of 
a clotting factor inhibitor. Such methods may be for the 
treatment of excessive bleeding. The antibodies and com 
positions of the invention may be used to treat patients 
before, during, or after Surgery or anticoagulant therapy or 
after trauma. The antibodies and compositions described 
herein may be used in any such treatment or may be used in 
the manufacture of a medicament for use in any Such 
treatment. 

0326. The antibodies and compositions of the present 
invention may be administered for prophylactic/preventitive 
and/or therapeutic treatments. 
0327. In therapeutic applications, antibodies or compo 
sitions are administered to a subject already Suffering from 
a disorder or condition as described above, in an amount 
sufficient to cure, alleviate or partially arrest the condition or 
one or more of its symptoms. Such therapeutic treatment 
may result in a decrease in severity of disease symptoms, or 
an increase in frequency or duration of symptom-free peri 
ods. An amount adequate to accomplish this is defined 
as “therapeutically effective amount'. For example, where 
the treatment is for unwanted bleeding, therapy may be 
defined as a decrease in the amount of bleeding or Suitable 
coagulation to stop the bleeding altogether. 
0328. In prophylactic or preventitive applications, anti 
bodies or compositions are administered to a Subject at risk 
of a disorder or condition as described above, in an amount 
sufficient to prevent or reduce the subsequent effects of the 
condition or one or more of its symptoms. An amount 
adequate to accomplish this is defined as a “prophylactically 
effective amount'. For example, where the treatment is to 
prevent unwanted bleeding, a prophylactic effect may be 
defined as the prevention of bleeding or a reduced period or 
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quantity of bleeding compared to that that would be seen in 
the absence of the modulator. 
0329 Effective amounts for each purpose will depend on 
the severity of the disease or injury as well as the weight and 
general state of the Subject. 
0330. As used herein, the term “subject' includes any 
human or non-human animal. The term “non-human ani 
mal' includes all vertebrates, e.g., mammals and non-mam 
mals, such as non-human primates, sheep, dogs, cats, horses, 
cows, chickens, amphibians, reptiles, etc. 
0331. An antibody or composition of the present inven 
tion may be administered via one or more routes of admin 
istration using one or more of a variety of methods known 
in the art. As will be appreciated by the skilled artisan, the 
route and/or mode of administration will vary depending 
upon the desired results. Preferred routes of administration 
for antibodies or compositions of the invention include 
intravenous, intramuscular, intradermal, intraperitoneal, 
Subcutaneous, spinal or other parenteral routes of adminis 
tration, for example by injection or infusion. The phrase 
"parenteral administration' as used herein means modes of 
administration other than enteral and topical administration, 
usually by injection. Alternatively, an antibody or compo 
sition of the invention can be administered via a non 
parenteral route, such as a topical, epidermal or mucosal 
route of administration. 
0332 Similarly, an antibody of the invention may be used 
for the manufacture of a medicament suitable for parenteral 
administration. 
0333. An antibody of the invention may be used for the 
manufacture of a medicament Suitable for intravenous 
administration. 
0334. An antibody of the invention may be used for the 
manufacture of a medicament suitable for intramuscular 
administration. 
0335 An antibody of the invention may be used for the 
manufacture of a medicament Suitable for Subcutaneous 
administration. 
0336 A suitable dosage of an antibody of the invention 
may be determined by a skilled medical practitioner. Actual 
dosage levels of the active ingredients in the pharmaceutical 
compositions of the present invention may be varied so as to 
obtain an amount of the active ingredient which is effective 
to achieve the desired therapeutic response for a particular 
patient, composition, and mode of administration, without 
being toxic to the patient. The selected dosage level will 
depend upon a variety of pharmacokinetic factors including 
the activity of the particular antibody employed, the route of 
administration, the time of administration, the rate of excre 
tion of the antibody, the duration of the treatment, other 
drugs, compounds and/or materials used in combination 
with the particular compositions employed, the age, sex, 
weight, condition, general health and prior medical history 
of the patient being treated, and like factors well known in 
the medical arts. 
0337. A suitable dose of an antibody of the invention may 
be, for example, in the range of from about 0.1 g/kg to 
about 100 mg/kg body weight of the patient to be treated. 
For example, a Suitable dosage may be from about 1 ug/kg 
to about 10 mg/kg body weight per day or from about 1 
mg/kg to about 5 mg/kg body weight per day. A Suitable dose 
of an antibody of the invention may be in the range of from 
2 to 200 mg/kg, such as about 150-200 mg/kg, such as about 
150-170 mg/kg, such as about 100-150 mg/kg, such as about 
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50-100 mg/kg, such as about 70-90 mg/kg, such as about 
10-50 mg/kg, such as about 10-30 mg/kg. 
0338. Other suitable dosages may be approximately 0.1- 
10 mg/kg, Such as approximately 0.1-1 mg/kg, Such as 
approximately 1-2 mg/kg or approximately 2-3 mg/kg or 
approximately 4-5 mg/kg or approximately 5-6 mg/kg or 
approximately 6-7 mg/kg or approximately 7-8 mg/kg or 
approximately 8-9 mg/kg or approximately 9-10 mg/kg, or 
approximately 10-21 mg/kg, Such as approximately 10-11 
mg/kg, or approximately 11-12 mg/kg, or approximately 
12-13 mg/kg, or approximately 13-14 mg/kg, or approxi 
mately 14-15 mg/kg, or approximately 15-16 mg/kg, or 
approximately 16-17 mg/kg, or approximately 17-18 mg/kg, 
or approximately 18-19 mg/kg, or approximately 19-20 
mg/kg or approximately 20-21 mg/kg. 
0339. The amount of monoclonal antibody administered 
to a Subject may be such that its administration results in a 
Subject plasma concentration of about 10 g/ml to about 40 
ug/ml. Such as about 15-35 ug/ml. Such as about 10-15 
ug/ml. Such as about 15-20 ug/ml. Such as about 20-25 
ug/ml, such as about 25-30 ug/ml, such as about 30-35 
ug/ml. Such as about 35-40 ug/ml, of said monoclonal 
antibody. Dosage regimens may be adjusted to provide the 
optimum desired response (e.g., a therapeutic response). For 
example, a single bolus may be administered, several 
divided doses may be administered over time or the dose 
may be proportionally reduced or increased as indicated by 
the exigencies of the therapeutic situation. It is especially 
advantageous to formulate parenteral compositions in dos 
age unit form for ease of administration and uniformity of 
dosage. Dosage unit form as used herein refers to physically 
discrete units Suited as unitary dosages for the Subjects to be 
treated; each unit contains a predetermined quantity of 
active compound calculated to produce the desired thera 
peutic effect in association with the required pharmaceutical 
carrier. 

0340 Antibodies may be administered in a single dose or 
in multiple doses. The multiple doses may be administered 
via the same or different routes and to the same or different 
locations. Alternatively, antibodies can be administered as a 
Sustained release formulation, in which case less frequent 
administration is required. Dosage and frequency may vary 
depending on the half-life of the antibody in the patient and 
the duration of treatment that is desired. The dosage and 
frequency of administration can also vary depending on 
whether the treatment is prophylactic or therapeutic. In 
prophylactic applications, a relatively low dosage may be 
administered at relatively infrequent intervals over a long 
period of time. In therapeutic applications, a relatively high 
dosage may be administered, for example until the patient 
shows partial or complete amelioration of symptoms of 
disease. 

0341 Thus, an antibody of the invention may be admin 
istered: approximately daily, approximately every other day, 
approximately every third day, approximately every fourth 
day, approximately every fifth day, approximately every 
sixth day; approximately every week, Such as every 5, 6, 7, 
8, 9 or 10 days; approximately every other week, such as 
every 11, 12, 13, 14, 15, 16 or 17 days; approximately every 
third week, such as every 18, 19, 20, 21, 22, 23 or 24 days; 
approximately every fourth week, such as every 25, 26, 27. 
28, 29, 30 or 31 days. An antibody of the invention may also 
be administered on-demand. 
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0342. As mentioned above, antibodies of the invention 
may be co-administered with one or other more other 
therapeutic agents. The other agent may be an agent that will 
enhance the effects of the modulator. The other agent may be 
an agent that acts to enhance blood coagulation, Such as a 
blood coagulation factor. In particular, the modulators of the 
invention may be co-administered with Factor VII(a) or 
FVIII(a). The other agent may be intended to treat other 
symptoms or conditions of the patient. For example, the 
other agent may be an analgesic, anaesthetic, immunosup 
pressant or anti-inflammatory agent. 
0343 Combined administration of two or more agents 
may be achieved in a number of different ways. In one 
embodiment, the antibody and the other agent may be 
administered together in a single composition. In another 
embodiment, the antibody and the other agent may be 
administered in separate compositions as part of a combined 
therapy. For example, the modulator may be administered 
before, after or concurrently with the other agent. 
0344. The term “treatment’, as used herein, refers to the 
medical therapy of any human or other animal Subject in 
need thereof. Said subject is expected to have undergone 
physical examination by a medical practitioner or a veteri 
nary medical practitioner, who has given a tentative or 
definitive diagnosis which would indicate that the use of said 
specific treatment is beneficial to the health of said human or 
other animal Subject. The timing and purpose of said treat 
ment may vary from one individual to another, according to 
the status quo of the subject's health. Thus, said treatment 
may be prophylactic, palliative, symptomatic and/or cura 
tive. In terms of the present invention, prophylactic, pallia 
tive, symptomatic and/or curative treatments may represent 
separate aspects of the invention. 
0345 Thus, an antibody of the invention may be admin 
istered parenterally. 
0346. An antibody of the invention may be administered 
intravenously. 
0347 An antibody of the invention may be administered 
intramuscularly. 
0348 An antibody of the invention may be administered 
Subcutaneously. 
0349 An antibody of the invention may be administered 
prophylactically, 
0350. An antibody of the invention may be administered 
therapeutically (on demand). 
0351. An antibody of the invention may be capable of 
significantly reducing blood loss. 
0352 An antibody of the invention may be capable of 
significantly reducing bleeding time. 
0353 Thus, the invention is also a method of treating a 
subject in need thereof with a monoclonal antibody that is 
capable of binding the K2 domain of TFPI, wherein the 
amount of monoclonal antibody administered is such as to 
saturate its target. The amount of monoclonal antibody 
administered may be such as to saturate soluble TFPI. The 
amount of monoclonal antibody administered may be such 
as to saturate endothelium-bound TFPI. 
0354. The term “coagulopathy', as used herein, refers to 
an increased haemorrhagic tendency which may be caused 
by any qualitative or quantitative deficiency of any pro 
coagulative component of the normal coagulation cascade, 
or any upregulation of fibrinolysis. Such coagulopathies 
may be congenital and/or acquired and/or iatrogenic and are 
identified by a person skilled in the art. 
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0355 Non-limiting examples of congenital hypocoagul 
lopathies are haemophilia A, haemophilia B, Factor VII 
deficiency, Factor XI deficiency, von Willebrand's disease 
and thrombocytopenias Such as Glanzmann's thombasthenia 
and Bernard-Soulier syndrome. 
0356. A non-limiting example of an acquired coagulopa 
thy is serine protease deficiency caused by vitamin K 
deficiency. Such vitamin K-deficiency may be caused by 
administration of a vitamin Kantagonist, Such as warfarin. 
Acquired coagulopathy may also occur following extensive 
trauma. In this case otherwise known as the “bloody vicious 
cycle', it is characterised by haemodilution (dilutional 
thrombocytopaenia and dilution of clotting factors), hypo 
thermia, consumption of clotting factors and metabolic 
derangements (acidosis). Fluid therapy and increased fibrin 
olysis may exaserbate this situation. Said haemorrhage may 
be from any part of the body. 
0357 Haemophilia A with “inhibitors” (that is, allo 
antibodies against factor VIII) and haemophilia B with 
“inhibitors” (that is, allo-antibodies against factor IX) are 
non-limiting examples of coagulopathies that are partly 
congenital and partly acquired. 
0358. A non-limiting example of an iatrogenic coagul 
lopathy is an overdosage of anticoagulant medication—such 
as heparin, aspirin, warfarin and other platelet aggregation 
inhibitors—that may be prescribed to treat thromboembolic 
disease. A second, non-limiting example of iatrogenic 
coagulopathy is that which is induced by excessive and/or 
inappropriate fluid therapy, Such as that which may be 
induced by a blood transfusion. 
0359. In one embodiment of the current invention, hae 
morrhage is associated with haemophilia A or B. In another 
embodiment, haemorrhage is associated with haemophilia A 
or B with acquired inhibitors. In another embodiment, 
haemorrhage is associated with thrombocytopenia. In 
another embodiment, haemorrhage is associated with von 
Willebrand’s disease. In another embodiment, haemorrhage 
is associated with severe tissue damage. In another embodi 
ment, haemorrhage is associated with severe trauma. In 
another embodiment, haemorrhage is associated with Sur 
gery. In another embodiment, haemorrhage is associated 
with haemorrhagic gastritis and/or enteritis. In another 
embodiment, the haemorrhage is profuse uterine bleeding, 
Such as in placental abruption. In another embodiment, 
haemorrhage occurs in organs with a limited possibility for 
mechanical haemostasis, such as intracranially, intraaurally 
or intraocularly. In another embodiment, haemorrhage is 
associated with anticoagulant therapy. 
0360. An antibody of the current invention may be used 
to treat a subject with a coagulopathy. Thus, the invention is 
also the use of a monoclonal antibody, that is capable of 
binding the K2 domain of TFPI, for the treatment of a 
subject in need thereof; as well as use of said antibody for 
the manufacture of a medicament for the treatment of a 
subject in need thereof. Furthermore, the invention is a 
method of treating a Subject in need thereof with a mono 
clonal antibody that is capable of binding to the K2 domain 
of TFPI. 

0361 Use of said monoclonal antibody of the invention 
may significantly reduce blood loss. 
0362 Use of said monoclonal antibody of the invention 
may significantly reduce bleeding time. 
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0363. Furthermore, use of said monoclonal antibody of 
the invention may reduce in vivo clotting time without 
causing transient thrombocytopaenia. 

EMBODIMENTS 

0364 The following is a non-limiting list of embodi 
ments of the present invention: 

Embodiment 1 

0365. A monoclonal antibody that is capable of specifi 
cally binding the K2 domain of TFPI, wherein said antibody 
is capable of binding an epitope comprising one or more 
residues selected from the group consisting of E10, E 11, 
D12, P13, R17, Y19, T21, Y23, F24, N26, Q28, Q31, C32, 
E33, R34, F35, K36 and L50 of SEQ ID NO: 2. 

Embodiment 2 

0366. The monoclonal antibody according to embodi 
ment 1, wherein said antibody is capable of specifically 
binding an epitope comprising an epitope comprising resi 
due E10 of SEQID NO: 2. 

Embodiment 3 

0367 The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising an epitope com 
prising residue E11 of SEQ ID NO: 2. 

Embodiment 4 

0368. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue D12 of 
SEQ ID NO: 2. 

Embodiment 5 

0369. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue P13 of 
SEQ ID NO: 2. 

Embodiment 6 

0370. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue R17 of 
SEQ ID NO: 2. 

Embodiment 7 

0371. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue Y19 of 
SEQ ID NO: 2. 

Embodiment 8 

0372. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue T21 of 
SEQ ID NO: 2. 
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Embodiment 9 

0373 The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue Y23 of 
SEQ ID NO: 2. 

Embodiment 10 

0374. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue F24 of 
SEQ ID NO: 2. 

Embodiment 11 

0375. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue N26 of 
SEQ ID NO: 2. 

Embodiment 12 

0376. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue Q28 of 
SEQ ID NO: 2. 

Embodiment 13 

0377 The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue Q31 of 
SEQ ID NO: 2. 

Embodiment 14 

0378. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue C32 of 
SEQ ID NO: 2. 

Embodiment 15 

0379 The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue E33 of 
SEQ ID NO: 2. 

Embodiment 16 

0380. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue R34 of 
SEQ ID NO: 2. 

Embodiment 17 

0381. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue F35 of 
SEQ ID NO: 2. 

Embodiment 18 

0382. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue K36 of 
SEQ ID NO: 2. 
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Embodiment 19 

0383. The monoclonal antibody according to any one of 
the above embodiments, wherein said antibody is capable of 
specifically binding an epitope comprising residue L50 of 
SEQ ID NO: 2. 

Embodiment 20 

0384 The monoclonal antibody according to any one of 
embodiments 1-16 and 18-19, wherein said antibody is 
capable of specifically binding an epitope comprising resi 
dues E 10, E11, D12, P13, R17, Y19, T21, Y23, F24, N26, 
Q28, Q31, C32, E33, R34, K36 and L50 of SEQID NO: 2. 

Embodiment 21 

0385. The monoclonal antibody according to any one of 
embodiments 1-3, 5-9, 12-13 and 15-19, wherein said anti 
body is capable of specifically binding an epitope compris 
ing residues E10, E11, P13, R17, Y19, T21, Y23, Q28, Q31, 
E33, R34, F35, K36 and L50 of SEQ ID NO: 2. 

Embodiment 22 

0386 A monoclonal antibody that is capable of binding 
the K2 domain of TFPI, wherein the light chain of said 
antibody comprises amino acid residues: 

0387 E, in the position corresponding to position 31, 
0388 S, in the position corresponding to position 32, 
0389 D, in the position corresponding to position 33, 
0390 Y, in the position corresponding to position 37, 
0391 A, in the position corresponding to position 96, 
0392 T. in the position corresponding to position 97 
and 

0393 F, in the position corresponding to position 99 

of SEQ ID NO: 15; 
0394 and wherein the heavy chain of said antibody 
comprises amino acid residues: 

0395 N, in the position corresponding to position 31, 
0396 R, in the position corresponding to position 53, 
0397 S, in the position corresponding to position 54, 
0398 Y, in the position corresponding to position 57. 
0399. Y. in the position corresponding to position 59, 
0400 F, in the position corresponding to position 60, 
0401 P. in the position corresponding to position 61, 
0402 D, in the position corresponding to position 62, 
0403 Q, in the position corresponding to position 65, 
0404 Y, in the position corresponding to position 102, 
0405 D, in the position corresponding to position 103 
and 

0406 D, in the position corresponding to position 106 

of SEQ ID NO: 18. 

Embodiment 23 

0407. A monoclonal antibody according to any of claims 
1-21, wherein the light chain of said antibody comprises 
amino acid residues: 

04.08 E, in the position corresponding to position 31, 
0409 S, in the position corresponding to position 32, 
0410 D, in the position corresponding to position 33, 
0411 Y, in the position corresponding to position 37, 
0412 A, in the position corresponding to position 96, 
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0413 T. in the position corresponding to position 97 
and 

0414 F, in the position corresponding to position 99 

of SEQ ID NO: 15; 
0415 and wherein the heavy chain of said antibody 
comprises amino acid residues: 

0416 N, in the position corresponding to position 31, 
0417 R, in the position corresponding to position 53, 
0418 S, in the position corresponding to position 54, 
0419 Y, in the position corresponding to position 57. 
0420 Y, in the position corresponding to position 59, 
0421 F, in the position corresponding to position 60, 
0422 P. in the position corresponding to position 61, 
0423 D, in the position corresponding to position 62, 
0424 Q, in the position corresponding to position 65, 
0425 Y. in the position corresponding to position 102, 
0426 D, in the position corresponding to position 103 
and 

0427 D, in the position corresponding to position 106 

of SEQ ID NO: 18. 

Embodiment 24 

0428 The monoclonal antibody according to embodi 
ment 22 or embodiment 23, wherein said heavy chain further 
comprises an S in the position corresponding to position 52 
of SEQ ID NO: 18. 

Embodiment 25 

0429. The monoclonal antibody according to any one of 
embodiments 22-23, wherein said light chain further com 
prises an H in the position corresponding to position 98 of 
SEQ ID NO: 15 and said heavy chain further comprises an 
S in the position corresponding to position 56 of SEQ ID 
NO: 18. 

Embodiment 26 

0430. A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the heavy chain of said antibody comprises 
a CDR1 sequence of amino acids 31 to 35 (NYAMS) of SEQ 
ID NO:18, wherein one of these amino acids may be 
substituted by a different amino acid. 

Embodiment 27 

0431. A monoclonal antibody according to any of claims 
1 to 21 that is capable of binding the Kunitz 2 (K2) domain 
of tissue factor pathway inhibitor (TFPI), wherein the heavy 
chain of said antibody comprises a CDR1 sequence of amino 
acids 31 to 35 (NYAMS) of SEQID NO:18, wherein one of 
these amino acids may be substituted by a different amino 
acid. 

Embodiment 28 

0432 A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the heavy chain of said antibody comprises 
a CDR2 sequence of amino acids 50 to 66 (TISRSGSYSY 
FPDSVQG) of SEQ ID NO: 18, wherein one, two or three 
of these amino acids may be substituted by a different amino 
acid. 
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Embodiment 29 

0433. A monoclonal antibody according to any of claims 
1 to 21 that is capable of binding the Kunitz 2 (K2) domain 
of tissue factor pathway inhibitor (TFPI), wherein the heavy 
chain of said antibody comprises a CDR2 sequence of amino 
acids 50 to 66 (TISRSGSYSYFPDSVQG) of SEQ ID NO: 
18, wherein one, two or three of these amino acids may be 
substituted by a different amino acid. 

Embodiment 30 

0434. A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the heavy chain of said antibody comprises 
a CDR3 sequence of amino acids 99 to 110 (LGGY 
DEGDAMDS) of SEQID NO: 18, wherein one, two or three 
of these amino acids may be substituted by a different amino 
acid. 

Embodiment 31 

0435 A monoclonal antibody according to any of claims 
1 to 21 that is capable of binding the Kunitz 2 (K2) domain 
of tissue factor pathway inhibitor (TFPI), wherein the heavy 
chain of said antibody comprises a CDR3 sequence of amino 
acids 99 to 110 (LGGYDEGDAMDS) of SEQ ID NO: 18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid. 

Embodiment 32 

0436. A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the light chain of said antibody comprises 
a CDR1 sequence of amino acids 24 to 39 (KSSQSLLES 
DGKTYLN) of SEQ ID NO: 15, wherein one, two or three 
of these amino acids may be substituted with a different 
amino acid. 

Embodiment 33 

0437. A monoclonal antibody according to any of claims 
1 to 21 that is capable of binding the Kunitz 2 (K2) domain 
of tissue factor pathway inhibitor (TFPI), wherein the light 
chain of said antibody comprises a CDR1 sequence of amino 
acids 24 to 39 (KSSQSLLESDGKTYLN) of SEQ ID NO: 
15, wherein one, two or three of these amino acids may be 
substituted with a different amino acid. 

Embodiment 34 

0438 A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the light chain of said antibody comprises 
a CDR2 sequence of amino acids 55 to 61 (LVSILDS) of 
SEQ ID NO: 15, wherein one or two of these amino acids 
may be substituted with a different amino acid. 

Embodiment 35 

0439 A monoclonal antibody according to any of claims 
1 to 21 that is capable of binding the Kunitz 2 (K2) domain 
of tissue factor pathway inhibitor (TFPI), wherein the light 
chain of said antibody comprises a CDR2 sequence of amino 
acids 55 to 61 (LVSILDS) of SEQID NO: 15, wherein one 
or two of these amino acids may be substituted with a 
different amino acid. 
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Embodiment 36 

0440 A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the light chain of said antibody comprises 
a CDR3 sequence of amino acids 94 to 102 (LQATHFPQT) 
of SEQID NO: 15, wherein one or two of these amino acids 
may be substituted with a different amino acid. 

Embodiment 37 

0441. A monoclonal antibody according to any of claims 
1 to 21 that is capable of binding the Kunitz 2 (K2) domain 
of tissue factor pathway inhibitor (TFPI), wherein the light 
chain of said antibody comprises a CDR3 sequence of amino 
acids 94 to 102 (LQATHFPQT) of SEQID NO: 15, wherein 
one or two of these amino acids may be substituted with a 
different amino acid. 

Embodiment 38 

0442. A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the heavy chain of said antibody comprises: 

0443 a CDR1 sequence of amino acids 31 to 35 
(NYAMS) of SEQ ID NO:18, wherein one of these 
amino acids may be substituted by a different amino 
acid; and/or 

0444 a CDR2 sequence of amino acids 50 to 66 
(TISRSGSYSYFPDSVQG) of SEQ ID NO:18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid; and/or 

0445 a CDR3 sequence of amino acids 99 to 110 
(LGGYDEGDAMDS) of SEQID NO:18, wherein one, 
two or three of these amino acids may be substituted by 
a different amino acid. 

Embodiment 39 

0446. A monoclonal antibody according to any of claims 
1 to 21, wherein the heavy chain of said antibody comprises: 

0447 a CDR1 sequence of amino acids 31 to 35 
(NYAMS) of SEQ ID NO:18, wherein one of these 
amino acids may be substituted by a different amino 
acid; and/or 

0448 a CDR2 sequence of amino acids 50 to 66 
(TISRSGSYSYFPDSVQG) of SEQ ID NO:18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid; and/or 

0449 a CDR3 sequence of amino acids 99 to 110 
(LGGYDEGDAMDS) of SEQID NO:18, wherein one, 
two or three of these amino acids may be substituted by 
a different amino acid. 

Embodiment 40 

0450 A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the light chain of said antibody comprises: 

0451 a CDR1 sequence of amino acids 24 to 39 
(KSSQSLLESDGKTYLN) of SEQ ID NO: 15, 
wherein one, two or three of these amino acids may be 
Substituted with a different amino acid; and/or 

0452 a CDR2 sequence of amino acids 55 to 61 
(LVSILDS) of SEQID NO: 15, wherein one or two of 
these amino acids may be substituted with a different 
amino acid; and/or 
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0453 a CDR3 sequence of amino acids 94 to 102 
(LQATHFPQT) of SEQID NO: 15, wherein one or two 
of these amino acids may be substituted with a different 
amino acid. 

Embodiment 41 

0454. A monoclonal antibody according to any of claims 
1 to 21, wherein the light chain of said antibody comprises: 

0455 a CDR1 sequence of amino acids 24 to 39 
(KSSQSLLESDGKTYLN) of SEQ ID NO: 15, 
wherein one, two or three of these amino acids may be 
Substituted with a different amino acid; and/or 

0456 a CDR2 sequence of amino acids 55 to 61 
(LVSILDS) of SEQID NO: 15, wherein one or two of 
these amino acids may be substituted with a different 
amino acid; and/or 

0457 a CDR3 sequence of amino acids 94 to 102 
(LQATHFPQT) of SEQID NO: 15, wherein one or two 
of these amino acids may be substituted with a different 
amino acid. 

Embodiment 42 

0458. A monoclonal antibody that is capable of binding 
the Kunitz, 2 (K2) domain of tissue factor pathway inhibitor 
(TFPI), wherein the heavy chain of said antibody comprises: 

0459 a CDR1 sequence of amino acids 31 to 35 
(NYAMS) of SEQ ID NO:18, wherein one of these 
amino acids may be substituted by a different amino 
acid; and/or 

0460) a CDR2 sequence of amino acids 50 to 66 
(TISRSGSYSYFPDSVQG) of SEQ ID NO:18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid; and/or 

0461 a CDR3 sequence of amino acids 99 to 110 
(LGGYDEGDAMDS) of SEQID NO:18, wherein one, 
two or three of these amino acids may be substituted by 
a different amino acid; 

and wherein the light chain of said antibody comprises: 
0462 a CDR1 sequence of amino acids 24 to 39 
(KSSQSLLESDGKTYLN) of SEQ ID NO: 15, 
wherein one, two or three of these amino acids may be 
Substituted with a different amino acid; and/or 

0463 a CDR2 sequence of amino acids 55 to 61 
(LVSILDS) of SEQID NO: 15, wherein one or two of 
these amino acids may be substituted with a different 
amino acid; and/or 

0464 a CDR3 sequence of amino acids 94 to 102 
(LQATHFPQT) of SEQID NO: 15, wherein one or two 
of these amino acids may be substituted with a different 
amino acid. 

Embodiment 43 

0465. A monoclonal antibody according to any of claims 
1 to 21, wherein the heavy chain of said antibody comprises: 

0466 a CDR1 sequence of amino acids 31 to 35 
(NYAMS) of SEQ ID NO:18, wherein one of these 
amino acids may be substituted by a different amino 
acid; and/or 

0467 a CDR2 sequence of amino acids 50 to 66 
(TISRSGSYSYFPDSVQG) of SEQ ID NO:18, 
wherein one, two or three of these amino acids may be 
substituted by a different amino acid; and/or 
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0468 a CDR3 sequence of amino acids 99 to 110 
(LGGYDEGDAMDS) of SEQID NO:18, wherein one, 
two or three of these amino acids may be substituted by 
a different amino acid; 

and wherein the light chain of said antibody comprises: 
0469 a CDR1 sequence of amino acids 24 to 39 
(KSSQSLLESDGKTYLN) of SEQ ID NO: 15, 
wherein one, two or three of these amino acids may be 
Substituted with a different amino acid; and/or 

0470 a CDR2 sequence of amino acids 55 to 61 
(LVSILDS) of SEQID NO: 15, wherein one or two of 
these amino acids may be substituted with a different 
amino acid; and/or 

0471 a CDR3 sequence of amino acids 94 to 102 
(LQATHFPQT) of SEQID NO: 15, wherein one or two 
of these amino acids may be substituted with a different 
amino acid. 

Embodiment 44 

0472. A monoclonal antibody according to any one of 
embodiments 26-43, wherein said amino acid substitutions 
do not comprise amino acids: 

0473 N, in the position corresponding to position 31 
of the CDR1 region of SEQ ID NO: 18; 

0474 R, in the position corresponding to position 53; 
0475 S. in the position corresponding to position 54; 
0476 S. in the position corresponding to position 56; 
0477 Y, in the position corresponding to position 57; 
0478 Y, in the position corresponding to position 59: 
0479 F, in the position corresponding to position 60; 
0480 P in the position corresponding to position 61; 
0481 D, in the position corresponding to position 62; 
and 

0482 Q, in the position corresponding to position 65; 
of the CDR2 region of SEQ ID NO: 18. 

0483 Y, in the position corresponding to position 102; 
0484 D, in the position corresponding to position 103; 
and 

0485 D, in the position corresponding to position 106: 
of the CDR3 region of SEQ ID NO: 18. 

0486 E, in the position corresponding to position 31; 
0487. S. in the position corresponding to position 32: 
0488 D, in the position corresponding to position 33: 
and 

0489. Y. in the position corresponding to position 37; 
of the CDR1 region of SEQ ID NO: 15. 

0490 A, in the position corresponding to position 96: 
0491 T, in the position corresponding to position 97; 
0492 H, in the position corresponding to position 98: 
and 

0493 F, in the position corresponding to position 99; 
of the CDR3 region of SEQ ID NO: 15. 

Embodiment 45 

0494 The monoclonal antibody according to any one of 
embodiments 26-44, wherein said amino acid substitution is 
a conservative Substitution. 

Embodiment 46 

0495. The monoclonal antibody according to any one of 
embodiments 26-45, wherein the heavy chain of said anti 
body comprises: 
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0496 a CDR1 sequence that comprises amino acids 31 
to 35 (NYAMS) of SEQID NO:18; and 

0497 a CDR2 sequence that comprises amino acids 50 
to 66 (TISRSGSYSYFPDSVQG) of SEQ ID NO:18: 
and 

0498 a CDR3 sequence that comprises amino acids 99 
to 110 (LGGYDEGDAMDS) of SEQ ID NO:18. 

Embodiment 47 

0499. The monoclonal antibody according to any one of 
embodiments 26-46, wherein the light chain of said antibody 
comprises: 

0500 a CDR1 sequence that comprises amino acids 24 
to 39 (KSSQSLLESDGKTYLN) of SEQ ID NO: 15; 
and 

0501 a CDR2 sequence that comprises amino acids 55 
to 61 (LVSILDS) of SEQ ID NO: 15; and 

0502 a CDR3 sequence that comprises amino acids 94 
to 102 (LQATHFPQT) of SEQID NO: 15. 

Embodiment 48 

0503. The monoclonal antibody according to any one of 
embodiments 46-47, wherein the heavy chain comprises: 

0504 a CDR1 sequence that comprises amino acids 31 
to 35 (NYAMS) of SEQID NO:18; and 

0505 a CDR2 sequence that comprises amino acids 50 
to 66 (TISRSGSYSYFPDSVQG) of SEQ ID NO:18: 
and 

0506 a CDR3 sequence that comprises amino acids 99 
to 110 (LGGYDEGDAMDS) of SEQ ID NO:18: 

and wherein the light chain comprises: 
0507 a CDR1 sequence that comprises amino acids 24 
to 39 (KSSQSLLESDGKTYLN) of SEQ ID NO: 15; 
and 

0508 a CDR2 sequence that comprises amino acids 55 
to 61 (LVSILDS) of SEQ ID NO: 15; and 

0509 a CDR3 sequence that comprises amino acids 94 
to 102 (LQATHFPQT) of SEQID NO: 15. 

Embodiment 49 

0510. The monoclonal antibody according to any one of 
the preceding embodiments, wherein the light chain of said 
antibody comprises SEQ ID NO: 15. 

Embodiment 50 

0511. The monoclonal antibody according to any one of 
the preceding embodiments, wherein the heavy chain of said 
antibody comprises SEQ ID NO: 18. 

Embodiment 51 

0512. The monoclonal antibody according to any one of 
the preceeding embodiments, wherein said antibody com 
prises SEQID NO: 15 and SEQ ID NO: 18. 

Embodiment 52 

0513. The monoclonal antibody according to any one of 
the preceeding embodiments, wherein said antibody com 
prises the light chain of SEQ ID NO: 21 
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Embodiment 53 

0514. The monoclonal antibody according to any one of 
the preceeding embodiments, wherein said antibody com 
prises the heavy chain of SEQ ID NO: 24. 

Embodiment 54 

0515. The monoclonal antibody according to any one of 
embodiments 52-53, wherein said antibody comprises SEQ 
ID NO: 21 and SEQ ID NO: 24. 

Embodiment 55 

0516. The monoclonal antibody according to any one of 
the preceding embodiments, which is a humanized antibody. 

Embodiment 56 

0517. The monoclonal antibody according to embodi 
ment 55, in which framework region 2 of the heavy chain 
comprises the amino acids: 

0518 T in the position corresponding to position 40, 
0519 E, in the position corresponding to position 42, 
0520 R, in the position corresponding to position 44 
and 

0521 A, in the position corresponding to position 49 

of SEQ ID NO: 18. 

Embodiment 57 

0522 The monoclonal antibody according to embodi 
ment 55, in which framework region 2 of the heavy chain 
comprises the amino acids corresponding to positions 36 to 
49 (WVRQTPEKRLEWVA) of SEQ ID NO: 18. 

Embodiment 58 

0523 The monoclonal antibody according to any one of 
embodiments 1-54, which is a human antibody. 

Embodiment 59 

0524. The monoclonal antibody according to any one of 
embodiments 1-54, which is a chimeric antibody 

Embodiment 60 

0525. The monoclonal antibody according to any one of 
the preceeding embodiments, wherein the isotype of said 
antibody is IgG. 

Embodiment 61 

0526. The monoclonal antibody according to embodi 
ment 60, wherein said isotype is IgG1, IgG2 or IgG4. 

Embodiment 62 

0527 The monoclonal antibody according to embodi 
ment 61, wherein the isotype of said antibody is IgG4. 

Embodiment 63 

0528. The monoclonal antibody according to any one of 
embodiments 60-62, wherein at least one amino acid of the 
Fc region of said antibody has been substituted with another 
amino acid. 
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Embodiment 64 

0529. The monoclonal antibody according to any one of 
the preceding embodiments wherein the Fc region of said 
antibody is at least 80%, such as at least 85%, such as at least 
90%, such as at least 95%, such as 95-100% identical amino 
acids 122-448 of SEQ ID NO: 24. 

Embodiment 65 

0530 A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI with a higher affinity than mAb0281. 

Embodiment 66 

0531. The monoclonal antibody, according to any one of 
embodiments 1-64, that is capable of binding the K2 domain 
of TFPI with a higher affinity than mAb0281. 

Embodiment 67 

0532. A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI with a higher affinity than mAb4904. 

Embodiment 68 

0533. A monoclonal antibody, according to any one of 
embodiments 1-66, that is capable of binding the K2 domain 
of TFPI with a higher affinity than mAb4904. 

Embodiment 69 

0534. A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI with a higher affinity than mAb2974. 

Embodiment 70 

0535 A monoclonal antibody, according to according to 
any one of embodiments 1-68, that is capable of binding the 
K2 domain of TFPI with a higher affinity than mAb2974. 

Embodiment 71 

0536. A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI with a higher affinity than 
mAb29741. 

Embodiment 72 

0537. A monoclonal antibody, according to according to 
any one of embodiments 1-70, that is capable of binding the 
K2 domain of TFPI with a higher affinity than mAb29741. 

Embodiment 73 

0538 A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI, wherein the K of said antibody is 
less than 0.8 nM, such as less than 0.7 nM, such as less than 
0.6 nM, such as less than 0.5 nM, such as less than 0.4 nM, 
such as less than 0.3 nM, such as less than 0.2nM, such as 
less than 0.1 nM, such as less than 0.05 nM, such as less than 
O.O25 nM. 

Embodiment 74 

0539. The monoclonal antibody, according to any one of 
embodiments 1-73, wherein the K, of said antibody is less 
than 0.8 nM, such as less than 0.7 nM, such as less than 0.6 
nM, such as less than 0.5 nM, such as less than 0.4 nM, such 

26 
Apr. 27, 2017 

as less than 0.3 nM, such as less than 0.2nM, such as less 
than 0.1 nM, such as less than 0.05 nM, such as less than 
O.O25 nM. 

Embodiment 75 

0540. The monoclonal antibody, according to any one of 
the above embodiments that is capable of binding the K2 
domain of platelet-associated TFPI. 

Embodiment 76 

0541. The monoclonal antibody, according to any of the 
above embodiments that is capable of inhibiting soluble 
TFPI. 

Embodiment 77 

0542. The monoclonal antibody according to embodi 
ment 76, wherein said soluble TFPI may be completely 
inhibited. 

Embodiment 78 

0543. The monoclonal antibody, according to any of the 
above embodiments that is capable of inhibiting lipoprotein 
bound TFPI. 

Embodiment 79 

0544 The monoclonal antibody, according to any of the 
above embodiments that is capable of inhibiting endothelial 
cell-bound TFPI. 

Embodiment 80 

0545. A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI such that FXa retains its activity by 
at least 91%, such as at least 92%, such as at least 93%, such 
as at least 94%, such as at least 95%, such as at least 96%, 
such as at least 97%, such as at least 98%, such as at least 
99%, such as 99-100%, as measured in a FXa inhibition 
assay. 

Embodiment 81 

0546. The monoclonal antibody, according to any one of 
embodiments 1-79, that is capable of binding TFPI such that 
FXa retains its activity by at least 91%, such as at least 92%, 
such as at least 93%, such as at least 94%, such as at least 
95%, such as at least 96%, such as at least 97%, such as at 
least 98%, such as at least 99%, such as 99-100% as 
measured in a FXa inhibition assay. 

Embodiment 82 

0547 A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI such that the percentage of free TFPI 
in a subject is reduced to less than 30%, such as less than 
29%, such as less than 28%, such as less than 27%, such as 
less than 26%, such as less than 25%, such as less than 24%, 
Such as less than 23%, Such as less than 22%, Such as less 
than 21%, such as less than 20%, such as less than 19%, such 
as less than 18%, such as less than 17%, such as less than 
16%, such as less than 15%, such as less than 14%, such as 
less than 13%, such as less than 12%, such as less than 11%, 
such as less than 10%, such as less than 9%, such as less than 
8%, such as less than 7%, such as less than 6%, such as less 
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than 5%, such as less than 4%, such as less than 3%, such 
as less than 2%, such as less than 1%, such as between 1% 
and 0%. 

Embodiment 83 

0548. A monoclonal antibody according to any one of 
claims 1-81, that is capable of binding the K2 domain of 
TFPI such that the percentage of free TFPI in a subject is 
reduced to less than 30%, such as less than 29%, such as less 
than 28%, such as less than 27%, such as less than 26%, such 
as less than 25%. Such as less than 24%. Such as less than 
23%, such as less than 22%, such as less than 21%, such as 
less than 20%, such as less than 19%, such as less than 18%, 
Such as less than 17%. Such as less than 16%. Such as less 
than 15%, such as less than 14%, such as less than 13%, such 
as less than 12%, such as less than 11%. Such as less than 
10%, such as less than 9%, such as less than 8%, such as less 
than 7%, such as less than 6%, such as less than 5%, such 
as less than 4%. Such as less than 3%, such as less than 2%, 
such as less than 1%, such as between 1% and 0%. 

Embodiment 84 

0549. The monoclonal antibody according to embodi 
ment 83, wherein the amount of free TFPI in a subject is 
reduced to said percentage during the first 28 days, such as 
during the first 27 days, such as during the first 26 days, Such 
as during the first 25 days, such as during the first 24 days, 
Such as during the first 23 days, such as during the first 22 
days, such as during the first 21 days, such as during the first 
20 days, such as during the first 19 days, such as during the 
first 18 days, such as during the first 17 days, such as during 
the first 16 days, such as during the first 15 days, Such as 
during the first 14 days, such as during the first 13 days, Such 
as during the first 12 days, such as during the first 11 days, 
Such as during the first 10 days, such as during the first 9 
days, such as during the first 8 days, such as during the first 
7 days, such as during the first 6 days, such as during the first 
5 days, such as during the first 4 days, such as during the first 
3 days, such as during the first 2 days, such as during the first 
day after administration of said monoclonal antibody to said 
individual. 

Embodiment 85 

0550 A monoclonal antibody, that is capable of binding 
the K2 domain of TFPI and that is capable of neutralising the 
TFPI inhibition of membrane-bound FVIIa/TF/FXa by at 
least 55%, such as at least 60%, such as at least 65%, such 
as at least 70%, such as at least 75%, such as at least 80%, 
such as at least 85%, such as at least 90%, such as at least 
95%, such as up to 100%, such as 100%, as measured in an 
FVIIa/TF/FXa inhibitor assay, when TFPI is saturated with 
said antibody. 

Embodiment 86 

0551. The monoclonal antibody, according to any of 
embodiments 1-84, wherein said antibody is capable of 
neutralising the TFPI inhibition of membrane-bound FVIIa/ 
TF/FXa by at least 55%, such as at least 60%, such as at least 
65%, such as at least 70%, such as at least 75%, such as at 
least 80%, such as at least 85%, such as at least 90%, such 
as at least 95%, such as up to 100%, such as 100%, as 
measured in an FVIIa/TF/FXa inhibitor assay, when TFPI is 
saturated with said antibody. 
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Embodiment 87 

0552. A monoclonal antibody that is capable of binding 
the K2 domain of TFPI and that reduces in vivo clotting time 
without significantly reducing the platelet count. 

Embodiment 88 

0553. The monoclonal antibody, according to any one of 
embodiments 1-86, wherein said antibody reduces in vivo 
clotting time without significantly reducing the platelet 
COunt. 

Embodiment 89 

0554. The monoclonal antibody, according to embodi 
ments 88, wherein said platelet count does not fall to 
approximately 80%, such as approximately 75%, such as 
approximately 70%, such as approximately 65%, such as 
approximately 60%. Such as approximately 55%. Such as 
approximately 50%. Such as approximately 45%. Such as 
approximately 40%. Such as approximately 35%. Such as 
approximately 30%, such as approximately 25% of the 
original platelet count. 

Embodiment 90 

0555. A monoclonal antibody that is capable of binding 
the K2 domain of TFPI and that reduces in vivo clotting time 
without causing transient thrombocytopaenia. 

Embodiment 91 

0556. The monoclonal antibody, according to any one of 
embodiments 1-89, wherein said antibody reduces in vivo 
clotting time without causing transient thrombocytopaenia. 

Embodiment 92 

0557. A fragment of the monoclonal antibody according 
to any one of the preceding embodiments. 

Embodiment 93 

0558. The fragment according to embodiment 92, which 
is a Fab fragment, a F(ab')2 fragment, a Fab' fragment, a Fd 
fragment, a FV fragment or a dAb fragment. 

Embodiment 94 

0559) A variant of the monoclonal antibody according to 
any one of embodiments, which is a deletion variant or an 
insertion variant. 

Embodiment 95 

0560 A pharmaceutical formulation comprising the 
monoclonal antibody according to any one of embodiments 
1-94. 

Embodiment 96 

0561. A pharmaceutical formulation comprising the 
monoclonal antibody according to any one of embodiments 
1-94, wherein said formulation is suitable for parenteral use. 

Embodiment 97 

0562. A pharmaceutical formulation comprising the 
monoclonal antibody according to any one of embodiments 
1-94, wherein said antibody is suitable for intravenous use. 
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Embodiment 98 

0563 A pharmaceutical formulation comprising the 
monoclonal antibody according to any one of embodiments 
1-94, wherein said antibody is suitable for intramuscular 
SC. 

Embodiment 99 

0564) A pharmaceutical formulation comprising the 
monoclonal antibody according to any one of embodiments 
1-94, wherein said antibody is suitable for subcutaneous use. 

Embodiment 100 

0565 Use of the monoclonal antibody according to any 
one of embodiments 1-94 for the manufacture of a medica 
ment Suitable for parenteral administration. 

Embodiment 101 

0566. Use of the monoclonal antibody according to any 
one of embodiments 1-94 for the manufacture of a medica 
ment Suitable for intravenous administration. 

Embodiment 102 

0567 Use of the monoclonal antibody according to any 
one of embodiments 1-94 for the manufacture of a medica 
ment Suitable for intramuscular administration. 

Embodiment 103 

0568. Use of the monoclonal antibody according to any 
one of embodiments 1-94 for the manufacture of a medica 
ment Suitable for Subcutaneous administration. 

Embodiment 104 

0569. Use of a monoclonal antibody according to any one 
of embodiments 1-94, for the treatment of a subject with a 
coagulopathy. 

Embodiment 105 

0570 Use according to embodiment 104, wherein said 
Subject has any congenital, acquired and/or iatrogenic 
coagulopathy, such as may be selected from the group 
consisting of haemophilia A, with or without inhibitors, and 
haemophilia B, with or without inhibitors. 

Embodiment 106 

0571 Use according to any one of embodiments 95-105, 
wherein said monoclonal antibody significantly reduces 
blood loss. 

Embodiment 107 

0572. Use according to any one of embodiments 95-106, 
wherein said monoclonal antibody significantly reduces 
bleeding time. 

Embodiment 108 

0573 Use according to any one of embodiments 95-107, 
wherein the amount of monoclonal antibody administered 
results in a plasma concentration of about 10 ug/ml to about 
40 ug/ml, such as about 15-35 g/ml, such as about 10-15 
ug/ml. Such as about 15-20 ug/ml. Such as about 20-25 
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ug/ml, such as about 25-30 ug/ml, such as about 30-35 
ug/ml. Such as about 35-40 ug/ml, of said monoclonal 
antibody. 

Embodiment 109 

0574. A method of treating a subject with a coagulopathy, 
comprising administering to said Subject the monoclonal 
antibody according to any one of embodiments 1-94. 

Embodiment 110 

(0575. The method according to embodiment 109, 
wherein said coagulopathy is any congenital, acquired and/ 
or iatrogenic coagulopathy, Such as may be selected from the 
group consisting of haemophilia A, with or without inhibi 
tors, and haemophilia B, with or without inhibitors. 

Embodiment 111 

0576. The method according to any one of embodiments 
109-110, wherein said monoclonal antibody is capable of 
significantly reducing blood loss. 

Embodiment 112 

0577. The method according to any one of embodiments 
109-111, wherein said monoclonal antibody is capable of 
significantly reducing bleeding time. 

Embodiment 113 

0578. The method according to any one of embodiments 
109-112, wherein the amount of monoclonal antibody 
administered is such as to saturate its target. 

Embodiment 114 

0579. The method according to any one of embodiments 
109-113, wherein the amount of monoclonal antibody 
administered is such as to saturate soluble TFPI. 

Embodiment 115 

0580. The method according to any one of embodiments 
109-114, wherein said administered antibody is capable of 
completely inhibiting soluble TFPI. 

Embodiment 116 

0581. The method according to any one of embodiments 
109-115, wherein said monoclonal antibody is administered 
in an amount sufficient to saturate endothelium-bound TFPI. 

Embodiment 117 

0582 The method according to any one of embodiments 
109-116, wherein the amount of monoclonal antibody 
administered results in a plasma concentration of about 10 
ug/ml to about 40 g/ml. Such as about 15-35 Lig/ml. Such as 
about 10-15 g/ml. Such as about 15-20 ug/ml. Such as about 
20-25ug/ml, such as about 25-30 ug/ml, such as about 30-35 
ug/ml. Such as about 35-40 ug/ml, of said monoclonal 
antibody. 

Embodiment 118 

0583. The method according to any one of embodiments 
109-117, wherein a single dose may be administered. 
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Embodiment 119 

0584) The method according to any one of embodiments 
109-118, wherein multiple doses may be administered. 

Embodiment 120 

0585. The method according to any one of embodiments 
109-119, wherein said antibody may be administered daily. 

Embodiment 121 

0586. The method according to any one of embodiments 
109-120, wherein said antibody may be administered every 
other day. 

Embodiment 122 

0587. The method according to any one of embodiments 
109-121, wherein said antibody may be administered every 
third day. 

Embodiment 123 

0588. The method according to any one of embodiments 
109-122, wherein said antibody may be administered every 
fourth day. 

Embodiment 124 

0589. The method according to any one of embodiments 
109-123, wherein said antibody may be administered every 
fifth day. 

Embodiment 125 

0590 The method according to any one of embodiments 
109-124, wherein said antibody may be administered every 
sixth day. 

Embodiment 126 

0591. The method according to any one of embodiments 
109-125, wherein said monoclonal antibody may be admin 
istered approximately every week, such as every 5, 6, 7, 8, 
9 or 10 days. 

Embodiment 127 

0592. The method according to any one of embodiments 
109-126, wherein said monoclonal antibody may be admin 
istered approximately every other week, such as every 11, 
12, 13, 14, 15, 16 or 17 days. 

Embodiment 128 

0593. The method according to any one of embodiments 
109-127, wherein said monoclonal antibody may be admin 
istered approximately every third week, such as every 18, 
19, 20, 21, 22, 23 or 24 days. 

Embodiment 129 

0594. The method according to any one of embodiments 
109-128, wherein said monoclonal antibody may be admin 
istered approximately every fourth week, such as every 25, 
26, 27, 28, 29, 30 or 31 days. 

29 
Apr. 27, 2017 

Embodiment 130 

0595. The method according to any one of embodiments 
109-129, wherein the dosage may be approximately 0.1-10 
mg/kg. Such as approximately 0.1-1 mg/kg, Such as approxi 
mately 1-2 mg/kg or approximately 2-3 mg/kg or approxi 
mately 4-5 mg/kg or approximately 5-6 mg/kg or approxi 
mately 6-7 mg/kg or approximately 7-8 mg/kg or 
approximately 8-9 mg/kg or approximately 9-10 mg/kg, or 
approximately 10-21 mg/kg, Such as approximately 10-11 
mg/kg, or approximately 11-12 mg/kg, or approximately 
12-13 mg/kg, or approximately 13-14 mg/kg, or approxi 
mately 14-15 mg/kg, or approximately 15-16 mg/kg, or 
approximately 16-17 mg/kg, or approximately 17-18 mg/kg, 
or approximately 18-19 mg/kg, or approximately 19-20 
mg/kg or approximately 20-21 mg/kg. 

Embodiment 131 

0596. The method according to any one of embodiments 
109-130, wherein the dosage may be approximately 2 to 200 
mg/kg, such as about 150-200 mg/kg, such as about 150-170 
mg/kg, such as about 100-150 mg/kg, such as about 50-100 
mg/kg, such as about 70-90 mg/kg, such as about 10-50 
mg/kg. Such as about 10-30 mg/kg. 

Embodiment 132 

0597. The method according to any one of embodiments 
109-131, wherein said monoclonal antibody may be admin 
istered parenterally. 

Embodiment 133 

0598. The method according to embodiment 132, 
wherein said monoclonal antibody may be administered 
intravenously. 

Embodiment 134 

0599. The method according to embodiment 133, 
wherein the dosage of said monoclonal antibody may be 
approximately 10-20 mg/kg. 

Embodiment 135 

0600 The method according to any one of embodiments 
133-134, wherein the monoclonal antibody may be admin 
istered every other week. 

Embodiment 136 

0601 The method according to any one of embodiments 
133-135, wherein the monoclonal antibody may be admin 
istered every third week. 

Embodiment 137 

0602. The method according to any one of embodiments 
133-136, wherein the monoclonal antibody may be admin 
istered every fourth week. 

Embodiment 138 

0603 The method according to embodiment 133, 
wherein the dosage of said monoclonal antibody may be 
approximately 10-20 mg/kg and said monoclonal antibody 
may be administered every other week. 
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Embodiment 139 

0604. The method according to embodiment 133, 
wherein the dosage of said monoclonal antibody may be 
approximately 10-20 mg/kg and said monoclonal antibody 
may be administered every third week. 

Embodiment 140 

0605. The method according to embodiment 133, 
wherein the dosage of said monoclonal antibody may be 
approximately 10-20 mg/kg and said monoclonal antibody 
may be administered every fourth week. 

Embodiment 141 

0606. The method according to embodiment 132, 
wherein said monoclonal antibody may be administered 
intramuscularly. 

Embodiment 142 

0607. The method according to embodiment 132, 
wherein said monoclonal antibody may be administered 
Subcutaneously. 

Embodiment 143 

0608. The method according to embodiment 132, 
wherein the dosage of said monoclonal antibody may be 
approximately 1 mg/kg 

Embodiment 144 

0609. The method according to any one of embodiments 
141-143, wherein the monoclonal antibody may be admin 
istered daily. 

Embodiment 145 

0610 The method according to any one of embodiments 
141-144, wherein the monoclonal antibody may be admin 
istered every other day. 

Embodiment 146 

0611. The method according to any one of embodiments 
141-145, wherein the dosage of said monoclonal antibody 
may be approximately 1 mg/kg and wherein said monoclo 
nal antibody may be administered daily. 

Embodiment 147 

0612. The method according to embodiment any one of 
embodiments 141-146, wherein the dosage of said mono 
clonal antibody may be approximately 1 mg/kg and wherein 
said monoclonal antibody may be administered every other 
day. 

Embodiment 148 

0613. The method according to any one of embodiments 
109-147, wherein said antibody may be administered pro 
phylactically. 

Embodiment 149 

0614 The method according to any one of embodiments 
109-148, wherein said antibody may be administered thera 
peutically (on demand). 
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Embodiment 150 

0615. The method according to any one of embodiments 
109-149, wherein said administered antibody is capable of 
completely (100%) inhibiting soluble TFPI. 

Embodiment 151 

0616. A polynucleotide encoding the monoclonal anti 
body according to any one of embodiments 1-94. 

Embodiment 152 

0617. A polynucleotide according to embodiment 151, 
which comprises at least one sequence selected from the 
group consisting of SEQ ID NOs: 13, 16, 19 and 22. 

Embodiment 153 

0618. A polynucleotide according to embodiment 152, 
which comprises SEQ ID NO: 19. 

Embodiment 154 

0619. A polynucleotide according to embodiment 152, 
which comprises SEQ ID NO. 22. 

Embodiment 155 

0620. A polynucleotide according to embodiment 152, 
which comprises SEQID NOs: 19 and 22. 

Embodiment 156 

0621. A eukaryotic cell which comprises the polynucle 
otide according to any one of embodiments 151-155. 

Embodiment 157 

0622. A eukaryotic cell which expresses the monoclonal 
antibody, or fragment thereof, according to any one of 
embodiments 1-94. 

Embodiment 158 

0623 The eukaryotic cell according to embodiment 157, 
which is a mammalian cell. 

Embodiment 159 

0624 The eukaryotic cell according to embodiment 157, 
which is a yeast cell. 

Embodiment 160 

0625. The mammalian cell according to embodiment 
158, which is selected from the group consisting of 
HEK293, CHO, BHK, NSO and human retina cells. 

EXAMPLES 

0626. The present invention is further illustrated by the 
following examples which should not be construed as fur 
ther limiting. The contents of all figures and all references, 
patents and published patent applications cited throughout 
this application are expressly incorporated herein by refer 
CCC. 
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Example 1: Production and Characterisation of 
Monoclonal Antibodies Directed Against TFPI 

0627 Monoclonal antibodies were generated against tis 
sue factor pathway inhibitor (TFPI). A monoclonal antibody 
having the desired binding specificity was identified, cloned 
and sequenced. This antibody was found to significantly 
reduce cuticle bleeding time in vivo and to lead to no 
significant drop in platelet number. 

Methods and Results 

0628 All kits were used according to the manufacturers 
instructions. Abbreviations: HC: heavy chain; LC: light 
chain; VH: variable domain heavy chain; VL: variable 
domain light chain, PCR: polymerase chain reaction. 

Immunisation and Fusion 

0629 Mice were immunized with both full length TFPI 
and the short version TFPIB161B which contains only the 
first two Kunitz domains. RBF mice were used for immu 
nizations and production of mouse monoclonal antibodies. 
Injections were made subcutaneously in the back of the 
mice. 20 ug protein was mixed with complete Freund's 
adjuvant for the first injection. In the Subsequent immuni 
Zations, incomplete Freund's adjuvant was used with same 
concentration of the antigen. Ten days after the last immu 
nization, eye-blood from mice was screened by ELISA for 
TFPI specific antibodies. Mice with positive serum titres 
were boosted with 10 ug of TFPI by intravenous injection, 
and sacrificed after three days. The spleens were removed 
aseptically and dispersed to a single cell Suspension. Fusion 
of spleen cells and myeloma cells was done by the PEG 
method or by electrofusion. 

Binding Assay: ELISA 

0630. Immunoplates were coated with anti-mouse IgG. 
Culture supernatants from the hybridoma cells were added 
to the plates and, after washing, soluble biotinylated human 
TFPI or TFPIB161B was added to test for specific binding. 

Neutralizing Assays: FXa Assay and TF/FVIIa/FXa Assay 

0631 FXa inhibition assay: a fixed concentration of TFPI 
giving rise to 90% inhibition of FXa was pre-incubated with 
culture Supernatants from hybridoma cells containing anti 
TFPI monoclonal antibodies and added to FXa plus FXa 
specific chromogenic substrate. This assay addresses TFPI 
binding to FXa (described in greater detail in example 6). 
0632 FVIIa/TF/FXa inhibition assay: 1) Incubation of 
culture Supernatants from hybridoma cells containing anti 
TFPI monoclonal antibodies anti and fixed TFPI (90% 
inhibition of FVIIa/TF); 2) Incubation of TFPI+FVIIa+TF+ 
FXa; 3) Addition of FX (FX>FXa) followed by incubation 
with FXa chromogenic substrate (described in greater detail 
in example 7). 
Dilute Prothrombin Time (dPT) 
0633. A dilute Prothrombin (PT) analysis: human plasma 
in combination with diluted human thromboplastin (TF 
Source). Clot time in the plasma was measured upon addition 
of increasing protein A purified TFPI monoclonal antibody 
concentrations to look for dose dependent reduction of 
clotting time. FVIIa (25 nM) was the positive control and 
must shorten this clot time. 
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Binding Interaction Analysis 

0634 Binding interaction analysis was obtained by Sur 
face Plasmon Resonance in a Biacore 3000. Capture of the 
relevant monoclonal antibody at a fixed concentration was 
obtained with immobilised mouse anti-IgG. Different con 
centrations of TFPI were tested. Determination of binding 
constants (k. k. Ko) was obtained assuming a 1:1 
interaction of TFPI and the antibody of interest (described in 
greater detail in example 8). 

Thrombelastography 

0635. This records the kinetic of clot formation and 
fibrinolysis in whole blood. Haemophilia A-like condition is 
induced by pre-incubating the blood with neutralizing anti 
FVIII IgG. 

Antibody Cloning and Sequencing 

0636 Murine heavy chain and light chain sequences for 
an anti-TFPI antibody were cloned from a hybridoma: 
TFPI-4F36A1B2 (abbreviated herein to 4F36). Total RNA, 
extracted from hybridoma cells using the RNeasy-Mini Kit 
from Qiagen, was used as templates for cDNA synthesis. 
cDNA was synthesized in a 5'-RACE reaction using the 
SMARTTM RACE cDNA amplification kit from Clontech. 
Subsequent target amplification of HC and LC sequences 
was performed by PCR using Phusion Hot Star polymerase 
(Finnzymes) and the universal primer mix (UPM) included 
in the SMARTTM RACE kit as a for-ward primer. A reverse 
primer with the following sequence was used for HC (VH 
domain) amplification: 5'-CCCTTGACCAGGCATC 
CCAG-3 (primer #129). A reverse primer with the follow 
ing sequence was used for LC amplification: 5'-GCTCTA 
GACTAACACTCATTCCTGTTGAAGCTCTTG-3 
(primer #69). 
0637 PCR products were separated by gel electrophore 
sis, extracted using the GFX PCR DNA and Gel Band 
Purification Kit from GE Healthcare Bio-Sciences and 
cloned for sequencing using a Zero Blunt TOPO PCR 
Cloning Kit and chemically competent TOP10 E. coli from 
Invitrogen. Colony PCR was performed on selected colonies 
using an AmpliTaq Gold Mas-ter Mix from Applied Bio 
systems and M13uni/M13 rev primers. Colony PCR clean-up 
was performed using the ExoSAP-IT enzyme mix (usb). 
Sequencing was performed at MWG Biotech, Martinsried 
Germany using either M13uni(-21)/M13 rev(-29) or T3/T7 
sequencing primers. Sequences were analyzed and anno 
tated using the VectorNTI program. 
0638. From hybridoma TFPI-4F36A1B2 a single unique 
murine kappa type LC was identified and a single unique 
murine HC, subclass IgG1. LC sequence is given in SEQID 
NO: 6 and HC sequence is given in SEQID NO: 10. VH & 
VL Sequences are shown in FIG. 2, leader peptide sequences 
are not included. 

Epitopes 

0639 TFPI1 includes three Kunitz domains (see FIG. 4). 
Surface accessible residues of the Kunitz domains of TFPI1 
were identified from existing structures of TFPI 1-2. In 
particular, residues with a relative accessibility larger than 
40% are considered to be surface accessible. For TFPI1-2 
this comprises (see FIG. 5): amino acids 94-95, 98, 100-110, 
118-121, 123-124, 131, 134, 138-142 and 144-145. 
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Example 2: Cloning and Sequencing of Mouse 
TFPI4F36A1B2 mAb 

0640 This example describes cloning and sequencing of 
the murine heavy chain and light chain sequences of anti 
TFPI antibody: TFPI4F36A1B2. 
Total RNA was extracted from hybridoma cells using the 
RNeasy-Mini Kit from Qiagen and used as template for 
cDNA synthesis. cDNA was synthesized in a 5'-RACE 
reaction using the SMARTTM RACE cDNA amplification kit 
from Clontech. Subsequent target amplification of HC and 
LC sequences was performed by PCR using Phusion Hot 
Start polymerase (Finnzymes) and the universal primer mix 
(UPM) included in the SMARTTM RACE kit as forward 
primer. The reverse primer identified as SEQID NO: 11 was 
used for HC (VH domain) amplification and the reverse 
primer identified as SEQ ID NO: 12 was used for LC 
amplification. PCR products were separated by gel electro 
phoresis, extracted using the GFX PCR DNA & Gel Band 
Purification Kit from GE Healthcare Bio-Sciences and 
cloned for sequencing using a Zero Blunt TOPO PCR 
Cloning Kit and chemically competent TOP10 E. coli (Invit 
rogen). Colony PCR was performed on selected colonies 
using an AmpliTaq Gold Master Mix from Applied Biosys 
tems and M13uni/M13 rev primers. Colony PCR clean-up 
was performed using the ExoSAP-IT enzyme mix (USB). 
Sequencing was performed at MWG Biotech, Martinsried 
Germany using either M13uni(-21)/M13 rev(-29) or T3/T7 
sequencing primers. Sequences were analyzed and anno 
tated using the VectorNTI program. All kits and reagents 
were used according to the manufacturers instructions. 
A single unique murine kappa type LC and a single unique 
murine HC, subclass IgG1 was identified. The nucleic acid 
and amino acid sequences for the variable light chain are 
shown in SEQ ID NOs: 3 and 5, respectively. The nucleic 
acid and amino acid sequences for the variable heavy chain 
are shown in SEQ ID NOs: 7 and 9, respectively. Leader 
peptide sequences are not included in these sequences. 

BLAST Searches 

0641. The translated anti-TFPI4F36A1B2 VL and VH 
amino acid sequences were used as query sequences. 
BLAST searches were performed against sequences in the 
Uniprot database using the BLASTp translations program. 
The output for the anti-TFPI4F36A1B2 VH produces align 
ments of which >20 of the 50 highest identity scores were 
murine Ig heavy chain sequences. The highest identity 
scores were 81% (99/121) against a mouse Ig heavy chain. 
The output for the anti-TFPI4F36A1B2 VL produces align 
ments of which >30 of the 50 highest identity scores were 
murine Ig kappa light chain sequences. The highest identity 
score was 92% (105/113) against a mouse Ig kappa light 
chain. In conclusion, the VH and VL sequences for anti 
TFPI4F36A1B2 represent new unique sequences. 

Generation of Mouse Anti-TFPI4F36A1B2 Expression 
Vectors 

0642 A series of CMV promotor-based based expression 
vectors (pTT vectors) were generated for transient expres 
sion of the mouse TFPI4F36 antibody in the HEK293-6E 
EBNA-based expression system developed by Yves Duro 
cher (Durocher et al. Nucleic Acid Research, 2002). In 
addition to the CMV promotor, the vectors contain a pMB 
1 origin, an EBV origin and the Amp resistance gene. 
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0643. The region corresponding to the full length anti 
TFPI4F36A1B2 LC (including the original signal peptide 
sequence) was PCR amplified from the original TOPO 
sequencing clones using primers specific for the N and 
C-terminal sequences. The sense primer contained a termi 
nal HindIII restriction site sequences for cloning purposes 
and a Kozak sequence (5'-GCCGCCACC-3") immediately 
upstream of the ATG start codon. The anti-sense primer 
contained a stop codon followed by an Xbal restriction site 
sequence, immediately downstream of the coding sequence. 
The generated PCR fragment was restriction digested, 
cloned into the multiple cloning site (MCS) of a linearized 
pTT-based vector and transformed into E. coli for selection. 
The sequence of the final construct was verified by DNA 
sequencing. 
0644. The region corresponding to the VH domain (in 
cluding the original signal peptide sequence) was PCR 
amplified from the original TOPO sequencing clones using 
primers specific for the N-terminal sequence and VH/CH 
transition sequence. The sense primer contained a terminal 
Not restriction site sequences for cloning purposes and a 
Kozak sequence (5'-GCCGCCACC-3") immediately 
upstream of the ATG start codon. The anti-sense primer 
contained an in-frame Nhe restriction site downstream of 
the VH/CH transition. The generated VH domain PCR 
fragment was restriction digested, cloned into a linearized 
vector containing the CH domain sequence for a murine 
IgG1 and transformed into E. coli for selection. The 
sequence of the final construct was verified by DNA 
sequencing. 
0645. The cloned and recombinantly expressed anti 
TFPI4F36A1B2 antibody had the same profile and affinity in 
all assay used, as the original hybridoma derived antibody. 
Procedures used for transient expression in HEK293-6E 
cells are described in example 3. 

Example 3: Design and Construction of a 
Humanized TFPI4F36 mAb 

(0646. The mouse anti-TFPI4F36A1B2 CDR sequences 
were annotated according to the Kabat definition and found 
to be as follows: 

(0647. CDR-H1: NYAMS (amino acids 31-35 of SEQ 
ID NO: 8). 

0648 CDR-H2: TISRSGSYSYFPDSVQG (amino 
acids 50-66 of SEQ ID NO: 8). 

0649) CDR-H3: LGGYDEGDAMDS (amino acids 
99-110 of SEQ ID NO: 8). 

0650 CDR-L1: KSSQSLLESDGKTYLN 
acids 24-39 of SEQ ID NO: 4). 

(amino 

0651 CDR-L2: LVSILDS (amino acids 55-61 of SEQ 
ID NO: 4). 

0652 CDR-L3: LQATHFPQT (amino acids 94-102 of 
SEQ ID NO: 4). 

0653. A 3D model of anti-TFPI4F36A1B2 was built in 
Modeller (www.salilab.org/modeller?) based on the struc 
tural templates 2GJJ (mAB against Her2erbb2) and 1X9Q 
(haB against flourescein). 
0654) A BLASTp search in a human germline V database 
with the anti-TFPI4F36A1B2 VL and VH returned the 
following four potential germline sequences: Heavy chain: 
VH3 21 or VH7183.9 (E-values <1e-45) Light chain: 
VKII A18 or VKII A1 (E-values <3e-45) 
0655. After manual inspection of hits and alignments, the 
VH3 21 and VKII A18 germline sequences were selected 
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as HC and LC humanization frameworks, respectively. The 
corresponding germline J-segments were selected based on 
sequence alignment as JH6 and JK4. The alignment between 
anti-TFPI4F36A1B2 and the selected germline sequences 
are shown in combination with the first CDR grafted version 
of the humanized TFPI4F36. The sequence identity between 
anti-TFPI4F36A1B2 and the human scaffolds (HC: VH3 
21/JH6 and LC: VKII A18/JK4) is very high as illustrated 
by asterisks below the sequence. Each asterisk marks a 
position of sequence identity. The initial humanized VH 
construct was designed according to a minimal CDR graft 
ing strategy, in which CDR-H2 is grafted in a shorter version 
(residue 50-58) than the Kabat definition (residue 50-66). 
The remaining 5 CDRs were grafted according to the Kabat 
definition. The CDRs (Kabat definition) are listed as grafted 
below; the residues shown in bold for CDR-H2 are human 
germline residues. 

0656 CDR-H1: NYAMS (amino acids 31-35 of SEQ 
ID NO: 18). 

0657 CDR-H2: TISRSGSYSYYADSVKG (amino 
acids 50-66 of SEQ ID NO: 28). 

0658 CDR-H3: LGGYDEGDAMDS (amino acids 
99-110 of SEQ ID NO: 18). 

0659 CDR-L1: KSSQSLLESDGKTYLN 
acids 24-39 of SEQ ID NO: 15). 

0660 CDR-L2: LVSILDS (amino acids 55-61 of SEQ 
ID NO: 15). 

0661 CDR-L3: LQATHFPQT (amino acids 94-102 of 
SEQ ID NO: 15). 

0662. The composition of CDR-H2 in the final human 
ized variant HZTFPI4F36 is listed below and matched the 

(amino 

CDR-H2 listed for the mouse antibody anti 
TFPI4F36A1B2. 

0663 CDR-H2: TISRSGSYSYFPDSVQG (amino 
acids 50-66 of SEQ ID NO: 18). 

0664 FIG. 1 shows the sequences of VH (A) and VL (B) 
domains of mouse anti-TFPI4F36A1B2 (SEQ ID NOs: 8 
and 4, respectively) aligned with human germline sequences 
(SEQID NOs: 32 and 31, respectively) and the CDR grafted 
humanized TFPI4F36 sequences (SEQ ID NOS: 28 and 26, 
respectively). The Kabat numbering scheme is used, as 
shown above the sequences in the figure, and CDRS accord 
ing to the Kabat definition are shown in bold. Differences in 
the framework regions between the mouse anti 
TFPI4F36A1B2 and the germline sequences are highlighted 
in grey in the anti-TFPI4F36A1B2 sequence. Asterisks 
indicate positions of sequence identity between the mouse 
TFPI4F36 and human germline sequences. Potential back 
mutations are highlighted in gray in the HZTFPI4F36 
CDRgrafted sequence (listed as haF36CDRgraft). 
0665 Potential back mutations for the HZTFPI4F36 
CDRgrafted constructs were identified based on the posi 
tional differences found in the frameworks regions of mouse 
TFPI4F36 and the germline sequence. A 3D FIG. 1 shows 
the sequences model of the TFPI4F36 Fab fragment was also 
used to identify and prioritize potential back mutations. The 
lists of generated back mutations in the humanized 
TFPI4F36 LC and HC are shown in tables 2 and 3, respec 
tively. 

Generation of Expression Vectors for Humanized TFPI4F36 
0666 DNA sequences for humanized TFPI4F36 VH and 
VL regions were synthesized (GENEARTAG) according to 
the humanization design of the antibody described above. 
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The sequences were obtained with the basic minimal CDR 
grafting and no additional back mutations. The respective 
LC and HC germline leader peptide sequences were include 
in the constructs as well as a Kozak sequence (5'-GCCGC 
CACC-3") immediately upstream of the ATG start codon. 
0667 pTT-based expression vectors were generated for 
transient expression of the humanized TFPI4F36 antibody as 
a human kappa/IgG4(S241P) isotype. The proline mutation 
at position 241 (numbering according to Kabat, correspond 
ing to residue 228 per the EU numbering system (Edelman 
G M et AL., Proc. Natl. Acad. USA 63, 78-85 (1969)) was 
introduced in the IgG4hinge region to eliminated formation 
of monomeric antibody fragments, i.e. “half-antibodies' 
comprising of one LC and one HC. 
0668. The VH fragment was excised from the GENEART 
cloning vector and cloned into a linearized pTT-based vector 
containing the sequence for a human IgG4(S241P) CH 
domain Subsequently transformed into E. coli for selection. 
The sequence of the final construct was verified by DNA 
sequencing. The VL fragment was excised from the 
GENEART cloning vector and cloned into a linearized 
pTT-based vector containing the sequence for a human 
kappa CL domain and Subsequently transformed into E. coli 
for selection. The sequence of the final construct was 
verified by DNA sequencing. 
0669 Nucleic acid and amino acid sequences for the VL, 
VH, LC and HC of the CDR-grafted HzTFPI4F36 mono 
clonal antibody (signal peptide sequence omitted) are pro 
vided in the sequence listing (SEQ ID NOS: 26-30). 

Generation of Expression Vectors for Mouse/Human 
Chimeric TFPI4F36 

0670. To enable the best possible evaluation of the 
humanized TFPI4F36 variants, a mouse/human chimera 
version of the anti-TFPI4F36 antibody (ChimTFPI4F36) 
was constructed in order to eliminate any differences related 
to constant region origin and isotype. pTT-based expression 
vectors were generated for transient expression of chimeric 
anti-TFPI4F36 antibody with murine variable domains on 
the human kappa/IgG4(S241P) isotype scaffolds. 
0671 The region corresponding to the VH domain was 
PCR amplified from a anti-TFPI4F36A1B2 HC expression 
plasmid using a generic pTT specific primer and a primer 
specific for the VH domain C-terminus. The sense primer is 
specific for at sequence stretch upstream of the HindIll 
restriction site and the ATG start codon. The anti-sense 
primer contained an in-frame Nhe restriction site in the 
VH/CH transition sequence. The generated PCR fragment 
was restriction digested, cloned into a linearized pTT-based 
vector containing the sequence for a human IgG4(S241P) 
CH domain and subsequently transformed into E. coli for 
selection. The sequence of the final construct was verified by 
DNA sequencing. 
0672. The region corresponding to the VL domain was 
PCR amplified from a TFPI4F36A1B2 LC expression plas 
mid using a generic pTT specific primer and a primer 
specific for the VL domain C-terminus. The sense primer is 
specific for at sequence stretch upstream of the HindIII 
restriction site and the ATG start codon. The anti-sense 
primer contained an in-frame BsiWI restriction site in the 
VL/CL transition sequence. The generated PCR fragment 
was restriction digested, cloned into a linearized pTT-based 
vector containing the sequence for a human kappa CL 
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domain and Subsequently transformed into E. coli for selec 
tion. The sequence of the final construct was verified by 
DNA sequencing. 

Recombinant Expression of mAb Variants 
0673. The murine anti-TFPI4F36A1B2, chimeric anti 
TFPI4F36 and humanized TFPI4F36 antibody variants were 
expressed transiently in HEK293-6E cells following a 
generic antibody expression protocol. The following proce 
dure describes the generic transfection protocol used for 
suspension adapted HEK293-6E cells. 

Cell Maintenance 

0674 HEK293-6E cells were grown in suspension in 
FreeStyleTM 293 expression medium (Gibco) supplemented 
with 25 ug/ml Geneticin (Gibco), 0.1% V/v of the surfactant 
Pluronic F-68 (Gibco) & 1% v?v Penicillin-Streptomycin 
(Gibco). Cells were cultured in Erlenmeyer shaker flasks in 
shaker incubators at 37° C., 8% CO, and 125 rpm and 
maintained at cell densities between 0.1-1.5x10° cells/ml. 

DNA Transfection 

0675. The cell density of cultures used for transfection 
was 0.9-20x10 cells/ml. 

0676 A mix of 0.5 g LC vector DNA+0.5 g HC 
vector DNA was used per ml cell culture. 

0677. The DNA was diluted in Opti-MEM media 
(Gibco) 30 ul media/ug DNA, mixed and incubated at 
room temperature (23-25° C.) for 5 min 

0678. 293FectinTM (Invitrogen) was used as transfec 
tion reagent at a concentration of 1 Jul per ug DNA. 

0679. The 293FectinTM was diluted 30x in Opti-MEM 
media (Gibco), mixed and incubated at room tempera 
ture (23-25° C.) for 5 min 

0680 The DNA and 293Fectin solutions were mixed 
and left to incubate at room temperature (23-25°C.) for 
25 min 

0681. The DNA-293Fectin mix was then added 
directly to the cell culture. 

0682. The transfected cell culture was transferred to a 
shaker incubator at 37° C., 8% CO, and 125 rpm. 

0683 3-6 days post transfection, cell culture superna 
tants were harvested by centrifugation, followed by 
filtration through a 0.22 Lum PES filter (Corning). 

0684 Quantitative analysis of antibody production 
was performed by Biolayer Interferometry directly on 
clarified cell culture supernatants using the FortéBio 
Octet system and protein A biosensors or quantitative 
protein A HPLC. 

Activity Analyses of the CDR Grafted Variant of Humanized 
Anti-TFPI4F36 

0685 Humanization by minimal CDR grafting resulted 
in a dramatic loss of affinity caused by effect on both on- and 
off-rate. The TFPI binding affinity of the initially grafted 
version of the humanized TFPI4F36 antibody 
(HZTFPI4F36-CDRgrafted, in table 1 listed as Humanized 
TFPI4F36) was at least 100-fold lower than the -30 pM 
affinity of the original mouse TFPI4F36 antibody (see table 
1). Retention of affinity in the chimeric antibody confirmed 
that the human kappa/IgG4(S241P) FC had no effect on 
antibody affinity. The affinity analyses were done using SRP 
as described below. 
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TABLE 1. 

mAb ka (1/Ms) kd (1/M) KD (M) 

Murile TFPI4F36 4.7OE-06 1.33E-04 2.82E-11 
Chimeric TFPI4F36 8.88E--06 1.44E-04 1.62E-11 
Humanized TFPI4F36 1.07E--O6 2.21E-03 2.06E-09 

Surface Plasmon Resonance 
hzTFPI4F36-TFPI Interaction 
0686. The kinetic parameters for the interaction of 
recombinant human TFPI to the original murine anti 
TFPI4F36A1B2, chimeric anti-TFPI4F36, and various vari 
ants of the humanized TFPI4F36 antibody were determined 
by SPR analysis in Biacore, using two different approaches. 
Initial kinetics ranking studies were based on a capture 
procedure of purified mAbs as described in example 1. 
These were followed by a direct binding kinetic procedure 
on selected mAb constructs, with the monoclonal antibody 
covalently coupled via free amine groups to the carboxym 
ethylated dextrane membrane (CM5) on the sensor chip 
surface. Recombinant human TFPI was injected in various 
concentrations, followed by a dissociation period with con 
stant buffer flow over the sensor chip surface as described in 
example 8. 

(Biacore) Analysis of 

Site-Directed Mutagenesis to Introduce Back Mutations in 
Humanized mAb 

0687 Based on the low affinity of the CDR grafted 
version of humanized anti-TFPI4F36, a series of 27 human 
to-mouse reverse mutations (referred to as back mutations) 
was generated in the light chain (LC) and heavy chain (HC) 
of HzTFPI4F36-CDRgrafted. These mutants were 
expressed, purified and analyzed by Biacore, either as sepa 
rate mutants or as LC/HC combination mutants. The lists of 
generated mutations are shown in tables 2 and 3, respec 
tively. 
0688 Site-directed mutagenesis was performed to intro 
duce human-to-mouse reverse mutations (henceforth 
referred to as back mutations) at the specific residues in the 
HZTFPI4F36-CDRgrafted LC/HC constructs as highlighted 
in the humanization design. Mutations were introduced by 
two different methods: 
0689) 1) QuickChange R. Site-Directed or Multi Site 
Directed Mutagenesis kits from Stratagene were used to 
introduce point mutations and combination mutations. 
The kits were used according to the manufacturer's pro 
tocol. 

0690. 2) Standard 2-step overlapping PCR methods were 
also used to introduce point mutations and to generate 
combination mutations. 

The LC and HC expression plasmids for HzTFPI4F36 
CDRgrafted were used as templates for the first rounds of 
mutagenesis. In Subsequent rounds, mutations were also 
introduces using previously mutated plasmids as template. 
The sequences of all final constructs were verified by DNA 
sequencing. 

TABLE 2 

Mutated variants of the HZTFP4F36-CDRgrafted light chain 

LC mutants Mutations K (M) 

HzTFP4F36 LC-S63T S63T 7.8E-9 
HzTFP4F36 LC-P1SI P15I 17.OE-9 
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TABLE 2-continued 

Mutated variants of the HZTFP4F36-CDRgrafted light chain 

The mutations in both LC and HC as listed in tables 2 and 
3 are consistently numbered according to the Kabat num 
bering scheme as shown in FIG. 1. 
0691. The LC mutants listed in table 2 were expressed as 
LC mutants only together with wild type HC HzTFPI4F36 
CDRgrafted. The HC mutants listed in table 3 were 
expressed as HC mutants only together with wild type LC 
HZTFPI4F36 CDRgrafted. LC-HC combination mutants 
were also expressed by combining different LC and HC 
mutants. Mutants are consistently named after the mutated 
chain, i.e. the final humanized mAb variant is expressed with 
wild type HzTFPI4F36-CDRgrafted LC and the mutated 
HZTFPI4F36 FR2, S49A, CDR2 HC. Transient HEK293-6E 
expression was performed as described above. 
(0692. The initial set of 9 point mutants (HZTFPI4F36 
LC-S63T & HzTFPI4F36 HC-Q3E: G44R; S49A; Y59F; 
A60P; K64Q: S77T: A93T) were based on a primary set of 
back mutations highlighted in the humanization design. 
None of the point mutants rescued the affinity of the anti 
body, however mutations in the second human heavy chain 
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framework region (FR2, between CDR H1 and CDR H2) 
and in the C-terminal region of CDR H2 (omitted in the 
minimal CDR grafting scheme) were highlighted as being 
important for TFPI binding. Affinity measurements by Bia 
core analyses were performed as described above. 
0693. The subsequent rounds of mutagenesis included a 
number of patch mutants in which all residues in individual 
regions were mutated collectively. The mutant HZTFPI4F36 
HC-Kabat CDR2, has 3 mutations Y59F. A60P. K64Q in the 
C-terminal region of CDR H2, which corresponds to graft 
ing CDR H2 according to the Kabat definition and not 
according to the minimal CDR grafting scheme used for the 
initial HZTFPI4F36-CDRgrafted variant. This patched 
mutant along with patch mutants in LC FR2 and HC FR2 
improved the affinity of the humanized TFPI4F36 antibody 
significantly, but neither of the three patch mutants indi 
vidually restored the high TFPI4F36 affinity. 
0694. The HC mutant with combined mutations in HC 
FR2, and CDR2 (A40T, G42E, G44R, S49A, Y59F, A60P. 
K64Q) did restore affinity completely. This mutant intro 
duced 7 additional murine residues into the antibody 
sequence. Combination of LC 1-R2 mutants (both FR2 
mutations and Y36L) and HC 1-R2 and/or CDR2 mutants 
also resulted in high affinity mutants. However the combi 
nation of these LC/HC mutants consistently resulted in 
lower expression yields compared to the HC mutants alone. 
These results indicated that inclusion of the LC mutants had 
a negative impact on the stability of these antibody variants, 
hence Suggesting that a delicate interaction pattern between 
the humanized TFPI4F36 LC and HC exist. 
0.695. In the last series of mutants, the 7 mutations in HC 
FR2, and CDR2 (A40T, G42E, G44R, S49A, Y59F, A60P. 
K64Q) were dissected in order to eliminate potentially 
non-contributing back mutations. A series of 5 mutants were 
generated to address this point. 
0696. In 3 mutants, back mutations were excluded in 
FR2: 

0697 HzTFPI4F36 HC-G42E, G44R, CDR2 
0698 HzTFPI4F36 HC-FR2, CDR2 
0699 HzTFPI4F36 HC-G42E, G44R, S49A CDR2 

0700. In 2 mutants additional mutations in CDR2 were 
also eliminated: 

0701 HzTFPI4F36 HC-G44R, A60P, K64Q 
0702 HzTFPI4F36 HC-G42E, G44R, A60P, K64Q 

0703 None of the mutants however, were on par with the 
combined HC FR2 CDR2 mutant. Either affinity or expres 
sion levels (or both) were impacted by any reduction in the 
HC FR2 CDR2 mutant subset. The two mutants 
HzTFPI4F36 HC G42E, G44R, Y59F, A60P, K64Q with 5 
remaining back mutations and HZTFPI4F36 HC G42E, 
G44R, A60P. K64Q with 4 residual back mutations were 
picked for thorough comparison with HZTFPI4F36 HC 
FR2, S49A, CDR2. 

0704 HzTFPI4F36 HC-G42E, G44R, A60P, K64Q 
and HZTFPI4F36 HC-FR2, S49A, CDR2 expressed at 
comparable levels, while HZTFPI4F36 HC-G42E, 
G44R, CDR2 had a slightly lower expression level. 
Accelerated biophysical stability studies did not show 
any differences in stability in the three variants. 

(0705. The affinities measured by Biacore are listed 
below. 

0706. In vivo efficacy measured in the dPT assay (as 
described below) were comparable for all three vari 
antS. 
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TABLE 4 

Kinetic parameters for the interaction between TFPI 
and humanized TFPI4F36 variants. 

KD Expression No of back 
Mutant (pM) yield (mg/L) mutations 

HzTFPI4F36 A40T, G42E, G44R, 26 S4 7 
S49A, Y59F, A60P, K64Q 
HzTFPI4F36 G42E, G44R, Y59F, 39 24 5 
A6OP, K64Q 
HzTFPI4F36 G42E, G44R, A6OP, 93 53 4 
K64Q 

0707 Based on the data described above, the original HC 
FR2, and CDR2 mutant with 7 HC back mutations (A40T, 
G42E, G44R, S49A, Y59F. A60P, K64Q) tested superior to 
other variants; this variant is herein referred to as 
HZTFPI4F36 or as mAbTFPI2021. 

(0708. It is likely that the CDR2 mutations Y59F. A60P. 
K64Q affect antibody affinity by directly interacting with 
antigen. Mutations A40T, G42E, G44R reside in a FR2 turn 
connecting CDRH1 and CDR H2, remote from the antigen 
binding face and could be poised for stabilizing LC-HC 
interactions. The mutation S49A is buried in the middle of 
a highly hydrophobic cluster of side chains which could 
explain why alanine is preferred over serine at this position 
Interestingly therefore, the high affinity of HZTFPI4F36 is 
obtained as a combination of mutations which improve the 
direct antigen interaction and mutations remote from the 
antigen binding region which stabilize the antibody. 
(0709. In conclusion, HZTFPI4F36 has an affinity (K) of 
~25 pM and contains 35 amino acid residues derived from 
the mouse antibody sequence, corresponding to 5.2% of the 
total number of residues in the antibody. 
0710. The amino acid sequences for the variable light 
(VL) region, variable heavy (VH) region, light chain and 
heavy chain of a selected humanized construct, 
HzTFPI4F36 (mAbTFPI 2021), are shown in SEQID NOs: 
15, 18, 21 and 24, respectively. 

In-Vitro Efficacy Assays 

0711. The anti-TFPI4F36 antibody is capable of neutral 
izing TFPI-mediated inhibition of coagulation factor Xa 
(FXa) and the complex of tissue factor (TF) and factor VIIa 
(FVIIa). The activities of murine and humanized TFPI4F36 
antibody variants were measured in a dilute prothrombin 
time (dPT) test. The dPT assay was used for measuring the 
procoagulant activity of anti-TFPI antibodies. Increasing 
plasma concentrations of anti-TFPI antibody shortens the 
dPT clotting time. 

Example 4: Purification, Crystallization and 
Structure of the Fab-Fragment of MuTFPI4F36 
(Fab) and the Second Kunitz, Domain (K2) of 
Human Tissue Factor Pathway Inhibitor (TFPI) 

0712. A fragment of TFPI including its second Kunitz 
domain (K2) and a C-terminal His-tag (SEQID NO. 2) was 
co-crystallized with the MuTFPI4F36 Fab fragment (Fab). 
The structure of the complex was solved by X-ray crystal 
lography. The K2 binding epitope was found to be composed 
of residues E10, E11, P13, R17, Y19, T21, Y23, Q28, Q31, 
E33, R34, F35, K36 and L50. The paratope in the Fab was 
found to comprise residues E31, S32, D33, Y37, A96, T97, 
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H98 and F99 of the MuTFPI4F36 light chain (SEQID NO: 
4) and residues N31, R53, S54, S56, Y57, Y59, F60, P61, 
D62, Q65, Y102, D103 and D106 of the MuTFPI4F36 
heavy chain (SEQ ID NO: 8). 

Materials and Methods 

Analytical Size Exclusion Chromatography. 
0713 Analytical size exclusion chromatography (SEC) 
was performed using a Biosep S-3000 (300x7.80 mm) 
column (Phenomenex) eluted with PBS-buffer (10 mM 
phosphate, 150 mM NaCl, 3 mM KC1, pH 7.5) at a flow rate 
of 0.8 ml/min 

Preparation and Purification of the Fab/K2 Complex. 
0714. The Fab/K2 complex was prepared by mixing Fab 
(0.27 mg/ml in PBS buffer, pH 7.4) and K2 (0.29 mg/ml in 
PBS, pH 7.4) in a molar ratio of 1:1.5 (5.4 mg. Fab and 1.4 
mg K2). The complex was concentrated on a centrifugal 
filter device (Amicon, 10 kD mw cut-off) to a concentration 
of -6.7 mg/ml. To remove excess K2, the concentrated 
sample was applied to a Superdex 75 (CV300) gel filtration 
column eluted with PBS-buffer, pH 7.4 at a flow rate of 1 
ml/min. Fractions containing the Fab/K2 complex were 
pooled and concentrated to a protein concentration of 9.2 
mg/ml. This solution was used for crystallization. 

Crystallization of the Fab/K2 Complex. 
0715. The Fab/K2 complex was crystallized as rods by 
the hanging drop method using a precipitant Solution con 
taining 0.2 M tribasic potassium citrate (pH 8.0) and 20% 
w/v PEG 3,350. 

Crystal Structure Determination. 
0716. The structure of the Fab/K2 complex was solved by 
the molecular replacement method using PDB structures 
1F8T and 1TFX as templates for the Fab and K2 molecules, 
respectively. 

Results 

0717 The complex between Fab and K2 was prepared by 
adding excess of K2 to a solution of Fab. FIG. 6 shows the 
complex formation monitored by analytical size exclusion 
chromatography (SEC). This method separates molecules 
according to their molecular size with the larger species 
eluting earlier than Smaller. The peaks corresponding to K2 
and Fab were well separated due to the large difference in 
molecular weight (mw ~8 kDa and 48 kDa, respectively). 
Addition of K2 to the Fab solution resulted in the expected 
minor shift in the peak position towards shorter retention 
times. The complex was easily separated and obtained in 
pure form by separating excess K2 using preparative SEC. 
0718 Conditions for crystallization of the Fab/K2 com 
plex were screened using several commercial crystallization 
screens. The hanging drop method afforded rod-shaped 
crystals suitable for single crystal X-ray analysis and the 
structure was solved by the molecular replacement method 
using structures deposited in the PDB as templates. FIG. 7 
shows the overall structure of the Fab/K2 complex. Dis 
played are the light and heavy chains, constituting the Fab 
molecule, and exhibiting the expected immunoglobulin 
B-sandwich fold characteristic for antibody molecules. Also 
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shown are the CDR loops making contact with the antigen 
and defining the specificity and affinity of the antibody. 
0719. The antigen, K2, exhibits the characteristic single 
anti-parallel -sheet (B1 (I20-N26) and B2 (Q31-Y37)) and 
the N-terminal C-helix (C.1. L50-I56) that defines the 
Kunitz-fold (FIG. 8). Present is also the optional 3-helix 
near the N-terminus (O.0, D5-F8) followed by loop 1 (L1, 
L9-Y19) leading to B1, which is connected to B2 via a short 
loop (L?, N27-K30). In the C-terminal segment, loop 2 (L2. 
G38-T49) connects B2 with C.1. Finally, the characteristic 
three disulfide bonds (C7-057, C16-C40 and C33-053) con 
nect C.O with C1, L1 with L2 and B2 with C.1, respectively. 
0720. Two structures of K2 have been deposited in the 
Worldwide Protein DataBank (PDB). One structure, 1 ADZ, 
is determined by NMR spectroscopy and represents the free 
solution structure, whereas the other, 1 TFX, is determined 
by X-ray crystallography and represents K2 complexed with 
porcine trypsin. FIG. 9 shows the structural superposition of 
K2 represented by 1 ADZ, 1 TFX and the K2 molecule in 
complex with Fab. The back-bone traces appear very similar 
among all three structures, suggesting that the Kunitz-fold 
with its three stabilizing disulfide bonds is rather rigid. 

Description of the MuTFPI4F36 K2 Binding Epitope 
0721 The binding epitope on the antigen K2, defined as 
residues in K2 containing at least one side-chain heavy atom 
situated within a distance of 4 A or less from a heavy atom 
in Fab, comprises residues E10, E11, P13, R17, Y19, T21, 
Y23, Q28, Q31, E33, R34, F35, K36 and L50 (FIG.10). The 
contact residues in K2 are located in L1 (E10, E11, P13, 
R17, Y19), in the B-sheet structure (T21, Y23, Q31, E33, 
R34, F35, K36) and the connecting loop, LB (Q28) and, 
finally, a single one in C.1 (L50). FIG. 10 depicts the binding 
epitope mapped on to both the 3D-structure of K2 and the 
primary amino acid sequence. 

Description of the MuTFPI4F36 Paratope 
0722. The paratope in the MuTFPI4F36 Fab fragment 
was determined from the same X-ray structure of the com 
plex between the MuTFPI4F36 Fab and the TFPI K2 
domain. The paratope was defined as those residues in the 
MuTFPI4F36 Fab having a heavy atom within a distance of 
less than 4 A from a heavy atom in the K2 domain. The 
contact residues in the light chain are located at residues 

Reagent 

Human FXa. 

Human TFPI 

mAbO281 
mAb4904 
mAb2974 
mAb29741 
S2765 
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E31, S32, D33, Y37, A96, T97, H98 and F99 of SEQID NO: 
4. The contact residues in the heavy chain are located at 
residues N31, R53, S54, S56, Y57, Y59, F60, P61, D62, 
Q65, Y102, D103 and D106 of SEQID NO: 8. The location 
of the paratope is illustrated in FIG. 3. 

Example 5: Structure of the K2/HzTFPI4F36 Fab 
Complex 

0723. Using methodology similar to that described for 
determination of the three-dimensional structure of 
MuTFPI4F36 Fab bound to K2, the structure of the complex 
between the Fab fragment from the humanized antibody, 
HZTFPI4F36, and K2 was determined. The Fab of 
HZTFPI4F36 was expectedly found to bind to the same 
region on K2 as the murine Fab from which it is derived. The 
overall similarity between the structures of the two com 
plexes is evident in FIG. 11, where back bone ribbon traces 
are overlaid for the K2/TFPI4F36 Fab and K2/HZTFPI4F36 
Fab complexes. The epitope (defined using a 4A cut-off) on 
K2 was, for HzTFPI4F36, found to comprise residues E10, 
E11, D12, P13, R17, Y19, T21, Y23, F24, N26, Q28, Q31, 
C32, E33, R34, K36 and L50. In comparison with the 
structure of K2/MuTFPI4F36 Fab of murine origin, D12, 
F24, N26 and C32 are in the humanized K27HZTFPI4F36 
complex within the 4A cut-off, whereas F35 is outside. This 
reflects minor differences in side chain orientations within 
the binding interfaces of the K2/MuTFPI4F36 Fab and 
K2/HzTFPI4F36 Fab complexes, in spite of the fact that the 
CDR regions in MuTFPI4F36 and HZTFPI4F36 are identi 
cal. 

Examples 6 to 8 

0724. The function of HzTFPI4F36 (mAbTFPI 2021) 
was compared to the function of all (four) commercially 
available monoclonal antibodies, some of which are said to 
bind to the K2 domain of TFPI; some of which have not been 
described with respect to binding. 

Example 6: TFPI Neutralizing Assay: FXa 
Inhibition 

0725 Materials used were BSA buffer in assay (50 mM 
Hepes; 0.1 M NaCl, 5 mM CaCl2, 0.1 mg/ml BSA, pH 7.4) 
and the reagents shown in table 5. 

TABLE 5 

Materials used 

Final concentration 
(dilution in BSA 

Company/Reference Stock conc buffer) 

Enzyme Research 21.7M 5 nM 
Laboratory 
Reference: Pedersen Freeze-dried in 10 mM 6 nM 
et al., 1990, J. Biol. glycylglycine, 100 mM. NaCl; 
Chem. 265, p. 165 mM mannitol buffer pH 
16786-16793 7.0. Reconstitute in water. 
Current invention S-150 nM 
Ab systems 
AD 

R&D systems 
R&D systems 
Chromogenix 20 mM 1 mM 
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Method: 

0726 Recombinant full length human TFPI (final con 
centration 6 nM)) was mixed in BSA buffer with increasing 
concentrations of the mab of interest (final concentration: 
5-150 nM) for 30 min FXa was added and incubated 30 min 
with the mixture for another 30 min Chromogenic substrate 
S2765 was added and the absorption at 405 nm was mea 
sured for 15 min in a Spectramax. 100% activity represents 
the activity of FXa without addition of TFPI. 

TABLE 6 

Neutralization of TFPI inhibition of FXa. 

% neutralization of 
Company mAb ID ICso nM TFPI at 150 nM 

Current invention HzTFP4F36 12.6 100% 
(mAbTFPI2021) 

AbNova mAbO281 ind <10% 
American Diagnotica mAb4904 ind <10% 
R&Dsystems mAb2974 29.4 90% 
R&Dsystems mAb29741 ind <10% 

Conclusion 

0727. At 150 nM, HzTFPI4F36 (mAbTFPI 2021) fully 
neutralized TFPI inhibition of FXa. Almost no activity was 
detected for mAb0281, mAb4904 and mAb29741. 

Example 7: TFPI Neutralizing Assay: 
FVIIa/TF/FXa. Inhibition 

0728 Materials used were BSA buffer (50 mM Hepes; 
0.1 M NaCl, 5 mM CaCl, 0.1 mg/ml BSA, pH 7.4). EDTA: 
50 mM and the reagents listed in table 7. 

TABLE 7 

Stock 

Reagent Company/Reference Conc 

MAB2974 R&D systems 3330 nM 

mAbTFPI4F36 Current invention 7S300 nM 

NowoSeven Novo Nordisk 27 M 

vesicles HTI Phospholipids vesicles cath PCPS- 2.0 mM 
O2 HW1115 - 75% PC - 259, PS 

S-2765 Chromogenix 35 nM 

FX American Diagnostica inc. 165 IM 
Bovine factor X Product no 510 Lot No. 

050920 dissolved 50% glycerol/water 
TFPI Reference: Pedersen et al., 1990, J. Biol. 18.6 M 

Chem. 265, p. 16786-16793 
Dade Behring#2010-01-11 #536975 vial 2.8 nM 

diss. in 10 ml H2O (6 nM) 

TF (Innovin) 

Apr. 27, 2017 
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Method: 

0729 
indicated in the table. Add 25 ul FX, 25 ul TFPI mAb in 
varying concentrations, 25 ul human TFPI, 25 ul FVIIa-TF 

Add all the components in the final concentrations 

(innovin) in microtiter wells. Incubation for 40 min at room 
temperature. Add 50 ul EDTA followed by 50 ul S-2765. 
Mix and read the plate for 15 min at 405 nm in Spectramax. 
100% activity is the activity of FVIIa/TF/FX obtained with 
no TFPI present. 

TABLE 8 

Neutralization of TFPI inhibition of FVIIa TFFX 

% neutralization of 

Company mAb ID ICso TFPI at 150 nM 

Current invention HZTFPI4F36 3.8 nM 100% 

(mAbTFPI2021) 
AbNova mAbO281 ind Nd 

American mAb4904 ind Nd 

Diagnotica 
R&Dsystems mAb2974 45.6 nM 53% 

R&Dsystems mAb29741 ind Nd 

Final concentration 

(dilute in BSA buffer) 

Varying (5-150 nM) 

1 M 

10 M 

O.5 mM 

160 nM 

1 nM 
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Conclusion 

(0730. At a mAb concentration of 150 nM TFPI is fully 
neutralised by mAbTFPI2021. mab2974 also reaches satu 
ration but does not fully neutralize TFPI (53% neutralisa 
tion). 

Example 8: Binding Interaction Analysis 

0731 Materials used were as listed in table 9. 

TABLE 9 

Reagent Company 

TFPI Freeze-dried in 10 mM 
glycylglycine, 100 mM 
NaCl; 165 mM mannitol 
buffer pH 7.0. Reconstitute 
in water. 

AbTFPI2O21 Current invention 
mAb0281 Ab systems 
mAb4904 AD 
mAb2974 R&D systems 
mAb29741 R&D systems 
All other reagents Biacore 

Method: 

0732 Binding interaction analysis was obtained by Sur 
face Plasmon Resonance in a Biacore T-100 instrument. 
Capture of the relevant monoclonal antibody at a fixed 
concentration was obtained by direct immobilization to a 
CMS chip of the mAb to a level of 500-1000 RU in 10 mM 
sodium acetate pH 4.5-5.0. Four-fold dilutions of recombi 
nant human full length TFPI or human TFPI short form 
(1-161 amino acid residues) from 200 nM to 0.2 nM were 
tested for binding to the immobilized mAb. Running and 
dilution buffer: 10 mM HEPES, 150 mM, 0.005% p20, pH 
7.4. Regeneration was obtained by 10 mM Glycine, pH 1.7. 
Determination of kinetic and binding constants (k. k. 
K) was obtained assuming a 1:1 interaction of TFPI and the 
antibody of interest using the Biacore T100 evaluation 
software. Results are shown in table 10. Competition of the 
different mabs for binding to TFPI when bound to mabT 
FPI2021 (“m Ab2021, HZTFPI4F36) was obtained by 
immobilisation of mAbTFPI2021 to 5000 RU at a CMS chip 
followed by binding of 50 nM TFPI followed by varying 
concentrations the mAbs (2974, 0281, 4904, 29741) to be 
tested for competition. Results are shown in table 11. 
Regeneration of the chip was obtained by 10 mM Glycine, 
pH 1.7. 

TABLE 10 

Surface Plasmon Resonance (SPR) analysis. Binding to 
full length human TFPI. Kinetic and binding constants. 

KD 
Producer mAb ID ka (1/Ms) kd (1/s) K. (M) nM 

Current mAb2021 2.39E-06 3.58E-OS 1. SOE-11 OO15 
invention 
AbNova mAb0281 3.99E-05 OOO1436 3.6OE-09 360 
American mAb4904 1.42E--OS 001294 9.14E-09 9.14 
Diagnotica 
R&Dsystems mAb2974 1.39E--O6 OOO12O2 8.64E-1O O.864 
R&Dsystems mAb29741 9.S1E--OS O.OO316S 3.33E-09 333 
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TABLE 11 

SPR analysis. Binding constant for binding to full length 
human TFPI and TFPI(K1 and K2 domains). 

Competition with nABTFPI 2021. 

Competition 
K. (M) K. (M) with 

Producer mAb ID TFPI TFPI mAB 4F36 

Current AbTFPI2O21 15OE-11 4.55E-11 Yes 
invention 
AbNova mAb0281 3.6OE-09 7.28E-09 No 
American mAb4904 9.14E-09 No binding No 
Diagnotica 
R&Dsystems mAb2974 8.64E-10 3.12E-09 Yes 
R&Dsystems mAb29741 3.33E-09 No binding No 

Conclusion 

(0733 mAbTFPI2021 binds to TFPI with a higher affinity 
than any of the other mabs tested (K, 15 pM). Only 
mAb2974 competes for binding to same site as mab 
TFPI4F36. 

Example 9: Neutralization of TFPI on Human 
Umbilical Vascular Endothelial Cells (HUVECs) 

(0734 Endothelial cells constitutively express TFPI in a 
form which is attached to the cell Surface via a glycosyl 
phosphatidylinositol (GPI) anchor. GPI-anchored TFPI spe 
cifically inhibits TF-mediated activity when TF is expressed 
on the same cell as TFPI. To demonstrate that HZTFPI4F36 
(mAbTFPI2021) neutralizes the inhibition by cell bound 
TFPI much more efficiently than mAb 2974 we applied 
human umbilical vascular endothelial cells HUVECs; and in 
order to induce TF expression, these cells were stimulated 
with TNFC. (Sigma RBI) and IL1B (Roche) prior to testing 
of FVIIa/TF catalyzed activation of FX. 
0735. HUVEC cells were cultivated to confluence in 96 
well plates in EBM-2 medium (Clonetics) and stimulated 
with 20 ng/ml TNFC. and 20 ng/ml IL1B for 2 hours prior to 
testing. Testing was performed in 25 mM HEPES, 137 mM 
NaCl, 3.5 mM KC1, 5 mM CaCl, 1 mg/ml BSA (0.1%) ph 
7.4, and FX activation was followed in the presence of 
antibody (0-20 nM) and with addition of 50 pM FVIIa and 
50 nM FX. Generation of FXa was measured with 0.6 mM 
of a chromogenic substrate, S-2765 (Chromogenix) and 
calibrated towards a FXa standard curve. 
(0736 FIG. 12 shows the results when the inhibition by 
cell bound TFPI was abolished by 0-20 nM of HzTFPI4F36 
or mAb 2974. TF/FVIIa-mediated activation of FX was 
stimulated by HzTFPI4F36 with a half maximal effect 
concentration, (EC50-nM) whereas hardly any stimulation 
of FXa generation was observed with the 2974 mAb at 20 
nM. 
(0737 Thus, this example illustrates that HzTFPI4F36, 
contrary to mab 2974, efficiently neutralizes inhibition of 
TF/FVIIa-mediated FX activation by cell bound TFPI. 

Example 10: Neutralization of TFPI Inhibition of 
TF/FVIIa Activity om MDA-MB 231 Human 

Breast Carcinoma Cells 

(0738. MDA-MB 231 cells constitutively express high 
levels of TF and insignificant amounts of TFPI on the 
surface. Cell surface TF/FVIIa mediated activation of FX 
can be inhibited by exogenous added TFPI. To demonstrate 
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that HzTFPI4F36 neutralizes this type of TFPI inhibition 
much more efficiently than mAb 2974 we applied MDA-MB 
231 cells and tested the ability of various concentrations of 
antibody to abolish the TFPI inhibition of FVIIa/TF cata 
lyzed activation of FX. 
0739 MDA-MB 231 cells were cultivated to confluence 
in 96 well plates in DMEM Gibco cat #31966-021 supplied 
with 10% FCS and 1% P/S. Testing was performed in 25 
mM HEPES, 137 mM NaCl, 3.5 mM KC1, 5 mM CaCl, 1 
mg/ml BSA (0.1%) ph 7.4, and FX activation was followed 
in the presence of antibody (0-20 nM) and with addition of 
2.5 nM full length human recombinant TFPI, 100 pM FVIIa 
and 50 nM FX. Generation of FXa was measured with 0.6 
mM of a chromogenic substrate, S-2765 (Chromogenix). 
The absorbance at 405 nm was measured continuously and 
the FXa activity was determined by measuring the slope of 
the progress curve at 15 min after initiation of the reaction. 
0740 FIG. 13 shows the results when the inhibition by 
TFPI was abolished by 0-20 nM of HzTFPI4F36 or mAb 
2974. TF/FVIIa-mediated activation of FX was stimulated 
by HZTFPI4F36 with a half maximal effect concentration, 
(ECso-2 nM) whereas stimulation of FXa generation was 
obtained at a substantially higher concentration of the 2974 
mAb (ECsod-20 nM). 

Example 11: Mapping the Binding Epitopes of the 
Anti-TFPI Monoclonal Antibodies, HZTFPI4F36 

and mAb2974. Using ELISA 

0741. The binding epitope for HzTFPI4F36 on TFPI 
Kunitz-domain 2 (K2) has been mapped by Solving the 
crystal structure of the TFPI-K2/HzTFPI4F36 complex. The 
effect of mutating single amino acid residues in TFPI within 
(E10, R17 and Y19) and outside (D5) the binding epitope for 
HZTFPI4F36 on the binding affinity to HZTFPI4F36 and 
mAb2974 (R&Dsystems) was analyzed by ELISA. The 
TFPI variants were expressed in HEK293-F cells and the 
ELISAs were carried out using the conditioned medium 
from the cell cultures. 

0742 The concentrations of TFPI-WT and TFPI mutants 
were estimated by an ELISA, which bind TFPI K1 
(MAb4903, American Diagnostica) and K3 (MAb4F110, 
in-house) and hence is not affected by the mutations. The 
effect of the mutations on binding to HZTFPI4F36 was 
analyzed using MAb4903 and HZTFPI4F36 in the ELISA. 
The effect on MAb2974 binding was determined using an 
ELISA with MAb2974 and MAb4F110. 

0743. The effects of the mutations in TFPI-Kunitz 2 on 
binding to HZTFPI4F36 and MAb2974 respectively, were 
calculated relative to TFPI-WT (100% binding) and illus 
trated in FIG. 14. The numbers have been corrected for 
differences in expression levels. 

Conclusion 

0744 Alanine mutation of the three amino acid residues 
within the binding epitope for HzTFPI4F36 resulted in 
reduced binding to HZTFPI4F36, whereas alanine substitu 
tion of the residue located outside the epitope (TFPI-D5A) 
had no effect. Only one of the four alanine mutants, TFPI 
Y19A, had reduced binding to MAb2974. 
0745. In conclusion, HZTFPI4F36 and MAb2974 have 
distinct but overlapping binding epitopes located on TFPI 
Kunitz, 2. 
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Example 12: In Vivo Studies 
0746 Rabbits were made transiently haemophilic by 
intravenous administration of 2000 RBU/kg of monoclonal 
anti-FVIII-antibodies. After 10 minutes, the rabbits received 
12000 U/kg of anti-TFPI-antibody (4F36; 1.93 mg/kg). 
Cuticle bleeding was induced 45 minutes after anti-FVIII 
antibody administration. 
0747 The 4F36 antibody caused a significant reduction 
in cuticle bleeding time (FIG. 15). Administration of the 
4F36 antibody led to no significant drop in platelet number 
(FIG. 18). 
0748. A similar experiment was repeated in which three 
groups of eight transiently haemophilic rabbits received 
either isotype control antibody (negative control group), 2 
mg/kg anti-TFPI (mAb 4F36) or 9 mg/kg NovoSeven (posi 
tive control group) 5 minutes after cuticle bleeding was 
induced. Results are illustrated in FIG. 16: administration of 
mAB4F36 resulted in a considerable reduction in blood loss 
(approximately 85%) in all recipients, demonstrating that 
mAb4F36 can be used “on demand'. 

Example 13: Estimation of Dose-Effect 
Relationship in Rabbit 

0749. The dose-effect relationship of the humanized mAb 
HZTFPI4F36 was examined in a rabbit haemophilia model. 
Rabbits were made transient haemophilic by iv administra 
tion of a monoclonal anti-FVIII-antibody. After 10 minutes, 
the rabbits received 0.5, 1, 2 mg/kg HzTFPI4F36 or an 
isotype control antibody. After another 35 minutes cuticle 
bleeding was induced, followed by a 60 minutes observation 
period. HZTFPI4F36 significantly and dose-dependently 
reduced bleeding time as well as blood loss when increasing 
the dose from 0.5 to 2 mg/kg (FIG. 17). Thus, a significant 
reduction of both bleeding time and blood loss was achieved 
with 1 mg/kg. HZTFPI4F36, corresponding to a plasma 
concentration of 18780 ng/ml HzTFPI4F36. Normalization 
of the bleeding was achieved at 2 mg/kg, corresponding to 
a plasma concentration of 30980 ng/ml HzTFPI4F36. 
(0750. These data indicate that the efficacious concentra 
tion, e.g. the plasma concentration needed for normaliza 
tion in the present model—of HZTFPI4F36 is in the range of 
18780 and 30980 ng/ml. 

Example 14: PK/PD in Rabbits—Duration of 
Action 

(0751 A pharmacokinetic study of HzTFPI4F36 in rabbits 
dosed with 20 mg/kg was performed. At predetermined 
time-points during the study blood samples were drawn 
from the rabbits for pharmacokinetic profiling by an ELISA 
measuring free HZTFPI4F36 (shown in FIG. 3 below). 
Effect studies were performed at 4 days (96 hours), 7 days 
(168 hours) and 10 days (240 hours) after administration, 
using the cuticle bleeding model in transient haemophilic 
rabbits, the effect time points are indicated in FIG. 19. 
0752. The pharmacokinetic profile is biphasic indicative 
of target mediated clearance. Thus, above the bend of the 
curve excess free mAb is present (mAB->TFPI), 
below the bend: mAb-TFPI. In good accordance with 
the pharmacokinetic profile, both bleeding time and blood 
loss was significantly reduced both at 4 and 7 days after 
administration of 20 mg/kg. HZTFPI4F36 intravenously, 
whereas no significant effect was observed after 10 days 
(FIG. 20). 
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0753. These data confirm that the efficacious plasma 
concentration of HZTFPI4F36 in a cuticle bleeding model in 
haemophilic rabbits is between 18780 and 30980 ng/ml 
which is close to the TFPI saturation limit (curve bend). 
Accordingly, a single iv. dose of 20 mg/kg. HZTFPI4F36 
reduced cuticle bleeding for at least 7 days, which corre 
sponded to the period of time the plasma concentration was 
above the efficacious concentration 

Example 15: Pharmacokinetic Model Based on 
Monkey PK Data 

0754) A pharmacokinetic evaluation was made based on 
a pharmacokinetic study in monkeys, where both single and 
multiple doses were administered (FIG. 21). Dose levels 
ranged from 2 to 200 mg/kg. 
0755. The PK profile in monkey (20 mgs/kg, upper 
panel) is similar to rabbit indicating the presence of similar 
distribution of soluble and endothelium bound TFPI. Thus, 
these data indicate that rabbit effect data may be employed 
to predict the effect range in monkey. Furthermore, the 
affinity of HzTFPI4F36 for human, monkey and rabbit TFPI 
are similar (same epitope) and similar TFPI tissue distribu 
tion in the three species allows for dose predictions in 
monkey and man. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 34 

SEO ID NO 1 
LENGTH: 276 
TYPE PRT 

ORGANISM: Homo Sapiens 

<4 OOs SEQUENCE: 1 

Ile 
1O 

Asp Ser Glu Glu Asp Glu Glu. His Thr Ile Thr 
1. 5 

Asp 

Met Phe Ala Phe 
25 

Pro Pro Lieu Lys Lieu His Ser 

Ala Ile Phe Phe Phe Asn 
45 

Gly Pro Cys Met 
35 

Lys Lys 
4 O 

Arg 

Glu 
60 

Glin 
SO 

Glu Glu Phe Ile 
55 

Arg Gly Gly Gly 

Phe Glu Glu Thir 
70 

Glu Met Arg Ser Luell 
65 

Ala Ile Ile Glin Glu 
85 

Asn Arg Thir Thir Lieu. 

Phe Glu Glu Ile 
105 

Lell Asp Pro Gly Arg Gly Tyr 

Glu Phe 
125 

Phe Tyr Asn Asn Gln Thr Glin 
115 

Lys 
12O 

Cys Arg 

Met Phe Glu Thir Lieu. Glu 
14 O 

ASn Asn 
135 

Gly Cys Lieu. Asn 
13 O 

Gly 

Phe Glin 
155 

ASn Ile Glu Pro Asn Wall 
145 

Asp Gly 
15 O 

Gly Asp 

Thir Glin Ala Thir Glin 
1.65 

Wall Lell Pro 
17 O 

Lieu. Asn ASn Asn. Ser 

Example 16: Simulations 
0756 Based on the model presented above, it was pos 
sible to make a series of simulations. The main objective of 
the simulations was to describe the optimal dosing regimen 
in a multiple dose setting. The target (TFPI) concentration 
was not known, but the rabbit effect data above allows for 
the assumption that if the target is near Saturation at a level 
of 30000 ng/ml then full effect in a bleeding model is 
obtained. Therefore, the main objective of the simulations 
was to evaluate which dose levels over a period of time 
would lead to full saturation. FIG. 22 displays a simulation 
of 1 mg/kg administered subcutaneously. FIG. 23 shows a 
simulation of 15 mg/kg HZTFPI4F36 (mAbTFPI 2021) 
administered IV every third week. FIG. 24 shows a simu 
lation of 20 mg/kg HzTFPI4F36 (mAbTFPI 2021) admin 
istered IV every second week. 
In Summary, based on the above simulations the following 
dose regimen prediction can be made for human beings: 

TABLE 12 

Dose regimen 

Type of dose Dose Dose regimen 

S.c. adm 
I.V. adm 

Every 2 day 
Every 2-4 week 

1 mg/kg 
10-20 mg/kg 

Thir Glu 
15 

Lell 

Ala 
3 O 

Asp Asp 

le Phe Thr 

ASn Glin Asn 

Arg Asp 

Pro Asp Phe 
95 

le 
110 

Thr Arg 

Gly 

Glu 

Asn Tyr Gly 
16 O 

Thir 
17s 

Ser Lys 
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- Continued 

Val Pro Ser Leu Phe Glu Phe His Gly Pro Ser Trp Cys Lieu. Thr Pro 
18O 185 19 O 

Ala Asp Arg Gly Lieu. Cys Arg Ala Asn. Glu Asn Arg Phe Tyr Tyr Asn 
195 2OO 2O5 

Ser Val Ile Gly Lys Cys Arg Pro Phe Llys Tyr Ser Gly Cys Gly Gly 
21 O 215 22O 

Asn Glu Asn. Asn. Phe Thir Ser Lys Glin Glu. Cys Lieu. Arg Ala Cys Llys 
225 23 O 235 24 O 

Lys Gly Phe Ile Glin Arg Ile Ser Lys Gly Gly Lieu. Ile Llys Thir Lys 
245 250 255 

Arg Lys Arg Llys Lys Glin Arg Val Lys Ile Ala Tyr Glu Glu Ile Phe 
26 O 265 27 O 

Val Lys Asn Met 
27s 

<210s, SEQ ID NO 2 
&211s LENGTH: 66 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Artificial construct used for epitope mapping 

<4 OOs, SEQUENCE: 2 

Glin Glu Lys Pro Asp Phe Cys Phe Lieu. Glu Glu Asp Pro Gly Ile Cys 
1. 5 1O 15 

Arg Gly Tyr Ile Thr Arg Tyr Phe Tyr Asn Asn Gln Thr Lys Glin Cys 
2O 25 3O 

Glu Arg Phe Llys Tyr Gly Gly Cys Lieu. Gly Asn Met Asn. Asn. Phe Glu 
35 4 O 45 

Thir Lieu. Glu Glu. Cys Lys Asn. Ile Cys Glu Asp Gly His His His His 
SO 55 6 O 

His His 
65 

<210s, SEQ ID NO 3 
&211s LENGTH: 339 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 3 

gatattgttga tigacccagac tocact cact ttgtcggitta ccattggaca accagct tcc 6 O 

atct cittgca agt caagt ca gag cct citta gaaagtgatg gaaaaacct a tittaaattgg 12 O 

ttattacaga gcc cagg.cga gttct coaaag ctic ctaatct atctggtgtc. tatactggac 18O 

tctggagt cc ctgacaggtt cactggcagt ggat Caggga Cagattt cac gctgaaaatc 24 O 

agcagagtgg aggctgagga tittgggagtt tatt attgtt to aagctac acatttt Cot 3OO 

Cagacgttcg gtggcggcac caa.gctggaa atcaaacgg 339 

<210s, SEQ ID NO 4 
&211s LENGTH: 113 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 4 

Asp Ile Val Met Thr Glin Thr Pro Leu. Thir Leu Ser Val Thir Ile Gly 
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- Continued 

1. 5 1O 15 

Gln Pro Ala Ser Ile Ser Cys Llys Ser Ser Glin Ser Lieu. Leu Glu Ser 
2O 25 3O 

Asp Gly Lys Thr Tyr Lieu. Asn Trp Lieu. Lieu. Glin Arg Pro Gly Glu Ser 
35 4 O 45 

Pro Llys Lieu. Lieu. Ile Tyr Lieu Val Ser Ile Lieu. Asp Ser Gly Val Pro 
SO 55 6 O 

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 7s 8O 

Ser Arg Val Glu Ala Glu Asp Lieu. Gly Val Tyr Tyr Cys Lieu. Glin Ala 
85 90 95 

Thr His Phe Pro Gln Thr Phe Gly Gly Gly Thr Lys Lieu. Glu Ile Llys 
1OO 105 11 O 

Arg 

<210s, SEQ ID NO 5 
&211s LENGTH: 339 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 5 

cc.gtttgatt to Cagcttgg togcc.gc.cacc gaacgtctgaggaaaatgtg tagcttgcaa. 6 O 

acaataataa act cocaaat cotcagocto cactctgctg attitt cagog tdaaatctgt 12 O 

CCCtgatcca Ctgc.ca.gtga acctgtcagg gactic cagag ticcagtatag acaccagata 18O 

gattaggagc tittggagact cqcct ggcct ctd taataac caatttaaat aggtttitt.cc 24 O 

at cactitt ct aagaggct ct gaCttgactit gcaa.gagatg gaagctggitt gtcCaatggit 3OO 

alaccgacaaa gtgagtggag tictgggtcat cacaat atc 339 

<210s, SEQ ID NO 6 
&211s LENGTH: 219 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 6 

Asp Ile Val Met Thr Glin Thr Pro Leu. Thir Leu Ser Val Thir Ile Gly 
1. 5 1O 15 

Gln Pro Ala Ser Ile Ser Cys Llys Ser Ser Glin Ser Lieu. Leu Glu Ser 
2O 25 3O 

Asp Gly Lys Thr Tyr Lieu. Asn Trp Lieu. Lieu. Glin Arg Pro Gly Glu Ser 
35 4 O 45 

Pro Llys Lieu. Lieu. Ile Tyr Lieu Val Ser Ile Lieu. Asp Ser Gly Val Pro 
SO 55 6 O 

Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 7s 8O 

Ser Arg Val Glu Ala Glu Asp Lieu. Gly Val Tyr Tyr Cys Lieu. Glin Ala 
85 90 95 

Thr His Phe Pro Gln Thr Phe Gly Gly Gly Thr Lys Lieu. Glu Ile Llys 
1OO 105 11 O 

Arg Ala Asp Ala Ala Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu 
115 12 O 125 

Gln Lieu. Thir Ser Gly Gly Ala Ser Val Val Cys Phe Lieu. Asn Asin Phe 
13 O 135 14 O 
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- Continued 

Tyr Pro Arg Asp Ile Asn. Wall Lys Trp Llys Ile Asp Gly Ser Glu Arg 
145 150 155 160 

Glin Asn Gly Val Lieu. Asn. Ser Trp Thr Asp Glin Asp Ser Lys Asp Ser 
1.65 17O 17s 

Thr Tyr Ser Met Ser Ser Thr Lieu. Thir Lieu. Thir Lys Asp Glu Tyr Glu 
18O 185 19 O 

Arg His Asn Ser Tyr Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser 
195 2OO 2O5 

Pro Ile Val Lys Ser Phe Asn Arg Asn. Glu. Cys 
21 O 215 

<210s, SEQ ID NO 7 
&211s LENGTH: 363 
&212s. TYPE: DNA 
<213s ORGANISM: Mus musculus 

<4 OO > SEQUENCE: 7 

gaggtggagc tiggtggagtic tiggggaggc titagtgaagc Ctggagggit C cctgaaactic 6 O 

t cct gtgcag cct ctdgatt cactitt cagt aactatocca tdt cittggg t t cqccagact 12 O 

ccggagaaga ggctggagtg ggtcgcaa.cc attagt cqta gtgg tagtta Ctcct actitt 18O 

ccagacagtg to agggit cq attcaccatc. tccagagaca atgccaagaa caccctgtac 24 O 

Ctgcaaatga gcagtctg.cg gtctgaggac acggc catgt attattgtac alagacittggg 3OO 

ggttacgacg agggggatgc tatggactico tiggtcaag galacct cagt caccgt.ctic C 360 

toa 363 

<210s, SEQ ID NO 8 
&211s LENGTH: 121 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 8 

Glu Val Glu Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Leu Lys Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Thr Pro Glu Lys Arg Lieu. Glu Trp Val 
35 4 O 45 

Ala Thr Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Phe Pro Asp Ser Val 
SO 55 6 O 

Glin Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Thir Lieu. Tyr 
65 70 7s 8O 

Lieu Gln Met Ser Ser Lieu. Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Thir Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Ser Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 9 
&211s LENGTH: 363 
&212s. TYPE: DNA 

<213s ORGANISM: Mus musculus 
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<4 OOs, SEQUENCE: 9 

tgaggagacg gtgactgagg ttcCttgacc C caggagtcc at agcatcCC cct citcgta 6 O 

accc.ccaagt cittgtacaat aatacatggc cqtgtcc to a gaccqcagac togct catttg 12 O 

Cagg tacagg gtgttcttgg cattgtct ct ggagatggtgaatcgaccct gcacactgtc. 18O 

tggaaagtag gagtaactac Cactacgact aatggttgcg acccact coa gcct cittctic 24 O 

cggagt ctgg Calacc Caag acatggcata gtt actgaaa gtgaatc.cag aggctgcaca 3OO 

ggagagtttc agggaccctic caggctt cac taagcct coc ccagact coa ccagotccac 360 

citc. 363 

<210s, SEQ ID NO 10 
&211s LENGTH: 445 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 10 

Glu Val Glu Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Leu Lys Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Thr Pro Glu Lys Arg Lieu. Glu Trp Val 
35 4 O 45 

Ala Thir Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Phe Pro Asp Ser Val 
SO 55 6 O 

Glin Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Thir Lieu. Tyr 
65 70 7s 8O 

Lieu Gln Met Ser Ser Lieu. Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Thir Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Ser Val Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser 
115 12 O 125 

Val Tyr Pro Leu Ala Pro Gly Ser Ala Ala Glin Thr Asn Ser Met Val 
13 O 135 14 O 

Thr Lieu. Gly Cys Lieu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Val 
145 150 155 160 

Thir Trp Asn Ser Gly Ser Leu Ser Ser Gly Val His Thr Phe Pro Ala 
1.65 17O 17s 

Val Lieu. Glin Ser Asp Lieu. Tyr Thr Lieu Ser Ser Ser Val Thr Val Pro 
18O 185 19 O 

Ser Ser Thr Trp Pro Ser Glu Thr Val Thr Cys Asn Val Ala His Pro 
195 2OO 2O5 

Ala Ser Ser Thr Llys Val Asp Llys Lys Ile Val Pro Arg Asp Cys Gly 
21 O 215 22O 

Cys Llys Pro Cys Ile Cys Thr Val Pro Glu Val Ser Ser Val Phe Ile 
225 23 O 235 24 O 

Phe Pro Pro Llys Pro Lys Asp Val Lieu. Thir Ile Thr Lieu. Thr Pro Llys 
245 250 255 

Val Thr Cys Val Val Val Asp Ile Ser Lys Asp Asp Pro Glu Val Glin 
26 O 265 27 O 

Phe Ser Trp Phe Val Asp Asp Val Glu Val His Thr Ala Glin Thr Glin 
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27s 28O 285 

Pro Arg Glu Glu Glin Phe Asn Ser Thr Phe Arg Ser Val Ser Glu Lieu. 
29 O 295 3 OO 

Pro Ile Met His Glin Asp Trp Lieu. Asn Gly Lys Glu Phe Lys Cys Arg 
3. OS 310 315 32O 

Val Asn Ser Ala Ala Phe Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys 
3.25 330 335 

Thr Lys Gly Arg Pro Lys Ala Pro Glin Val Tyr Thr Ile Pro Pro Pro 
34 O 345 35. O 

Lys Glu Gln Met Ala Lys Asp Llys Val Ser Lieu. Thir Cys Met Ile Thr 
355 360 365 

Asp Phe Phe Pro Glu Asp Ile Thr Val Glu Trp Gln Trp Asn Gly Glin 
37 O 375 38O 

Pro Ala Glu Asn Tyr Lys Asn Thr Glin Pro Ile Met Asp Thr Asp Gly 
385 390 395 4 OO 

Ser Tyr Phe Val Tyr Ser Lys Lieu. Asn Val Glin Lys Ser Asn Trp Glu 
4 OS 41O 415 

Ala Gly Asn Thr Phe Thr Cys Ser Val Lieu. His Glu Gly Lieu. His Asn 
42O 425 43 O 

His His Thr Glu Lys Ser Leu Ser His Ser Pro Gly Lys 
435 44 O 445 

<210 SEQ ID NO 11 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 11 

c ccttgacca ggcatcc.cag 2O 

<210s, SEQ ID NO 12 
&211s LENGTH: 36 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 12 

gctictagact aac act catt cct gttgaag ct cittg 36 

<210s, SEQ ID NO 13 
&211s LENGTH: 339 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized variable light chain 

<4 OOs, SEQUENCE: 13 

gacatcgtga tigacccagac ccctctgtcc ctdtc.cgtga cccct ggcca gcc togcctic c 6 O 

atct cotgca agt cct coca gtc. cctdctg gaatc.cgacg gcaag acct a cctdaactgg 12 O 

tatctgcaga agcctggcca gtc.ccct cag ctgctgatct acctggtgtc. catcc tiggac 18O 

tccggcgtgc Ctgaccggitt Ctc.cggct Co ggcagcggca ccgactt cac cctgaagat C 24 O 

tcc.cgggtgg aggc.cgagga C9tgggcgtg tact actgcc tic aggccac ccact tcc.ct 3OO 
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Cagacctttg gcggcggaac aaaggtggag at Caagcgt 339 

<210s, SEQ ID NO 14 
&211s LENGTH: 339 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized variable light chain 

<4 OOs, SEQUENCE: 14 

Ctgtag cact actgggtctg. g.ggaga Cagg gaCaggc act gigga.ccggit C9gacggagg 6 O 

tagaggacgt tdaggagggit Cagggacgac Cttaggctgc cqttctggat ggacttgacc 12 O 

atagacgt.ct tcggaccggit Caggggagtic gacgactaga tiggaccacag gtaggacctg 18O 

aggcc.gcacg gactggcc aa gaggc.cgagg ccgtc.gc.cgt ggctgaagtg ggactitctag 24 O 

agggcc cacc tcc.ggctic ct gcaccc.gcac atgatgacgg acgt.ccggtg ggtgaaggga 3OO 

gtctggaaac cqc.cgc.cttgttt coacctic tagttcgca 339 

<210s, SEQ ID NO 15 
&211s LENGTH: 113 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized variable light chain 

<4 OOs, SEQUENCE: 15 

Asp Ile Val Met Thr Glin Thr Pro Leu Ser Leu Ser Val Thr Pro Gly 
1. 5 1O 15 

Gln Pro Ala Ser Ile Ser Cys Llys Ser Ser Glin Ser Lieu. Leu Glu Ser 
2O 25 3O 

Asp Gly Lys Thr Tyr Lieu. Asn Trp Tyr Lieu. Glin Llys Pro Gly Glin Ser 
35 4 O 45 

Pro Glin Lieu. Lieu. Ile Tyr Lieu Val Ser Ile Lieu. Asp Ser Gly Val Pro 
SO 55 6 O 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 7s 8O 

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Lieu. Glin Ala 
85 90 95 

Thr His Phe Pro Gln Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Llys 
1OO 105 11 O 

Arg 

<210s, SEQ ID NO 16 
&211s LENGTH: 363 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized variable heavy chain 

<4 OOs, SEQUENCE: 16 

gaggtgcagc tiggtcgagtic tigcggcgga Ctggtgaagc Ctggcggct C cctgcggctg 6 O 

t cct gcgctg cct coggctt cacct tct co aactacgc.ca tdtcc tigggit gcggcagacc 12 O 

ccagaaaagc ggctggaatg ggtggccacc atct ccc.ggit cc.ggctic ct a citcct acttic 18O 

Cctgactic cq to agggc.cg gttcaccatc agc agggaca acgc.caagaa ctic cct tac 24 O 

Ctgcagatga act Coctgag agc.cgaggac acagc.cgtgt act actg.cgc Caggctgggc 3OO 
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ggctacgacg agggcgacgc catggacago toggcc agg gCaccaccgt gaccgtgtcC 360 

t cc 363 

<210s, SEQ ID NO 17 
&211s LENGTH: 363 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized variable heavy chain 

<4 OOs, SEQUENCE: 17 

CtcCacgt.cg accagcticag accgc.cgc.ct gaccactitcg gaccgc.cgag ggacgc.cgac 6 O 

aggacgcgac ggaggc.cgaa gtggalagagg ttgatgcggit acaggaccca cqc.cgtctgg 12 O 

ggtcttitt.cg ccgaccttac ccaccggtgg tagagggcca ggc.cgaggat gaggatgaag 18O 

ggactgaggc acgtc.ccggc Caagtggtag togtocctgt toggttctt gagggacatg 24 O 

gacgt.ctact tagggactic ticggctcctg tdtcggcaca tatgacgcg gtc.cgaccc.g 3OO 

ccgatgctgc tcc.cgctg.cg gtacctgtcg accc.cggtcc cqtggtggca Ctggcacagg 360 

agg 363 

<210s, SEQ ID NO 18 
&211s LENGTH: 121 
212. TYPE: PRT 

<213> ORGANISM; Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized variable heavy chain 

<4 OOs, SEQUENCE: 18 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Thr Pro Glu Lys Arg Lieu. Glu Trp Val 
35 4 O 45 

Ala Thr Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Phe Pro Asp Ser Val 
SO 55 6 O 

Glin Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Thr Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 19 
&211s LENGTH: 657 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Humanized constant light chain 

<4 OOs, SEQUENCE: 19 

gacatcgtga tigacccagac ccctctgtcc ctdtc.cgtga cccct ggcca gcc togcctic c 6 O 

atct cotgca agt cct coca gtc. cctdctg gaatc.cgacg gcaag acct a cctdaactgg 12 O 
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Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Thr Pro Glu Lys Arg Lieu. Glu Trp Val 
35 4 O 45 

Ala Thr Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Phe Pro Asp Ser Val 
SO 55 6 O 

Glin Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 
115 12 O 125 

Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala 
13 O 135 14 O 

Ala Leu Gly Cys Lieu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 
145 150 155 160 

Ser Trp Asn Ser Gly Ala Lieu. Thir Ser Gly Val His Thr Phe Pro Ala 
1.65 17O 17s 

Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser Leu Ser Ser Val Val Thr Val 
18O 185 19 O 

Pro Ser Ser Ser Lieu. Gly Thr Llys Thr Tyr Thr Cys Asn Val Asp His 
195 2OO 2O5 

Llys Pro Ser Asn. Thir Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly 
21 O 215 22O 

Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser 
225 23 O 235 24 O 

Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile Ser Arg 
245 250 255 

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Glin Glu Asp Pro 
26 O 265 27 O 

Glu Val Glin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala 
27s 28O 285 

Lys Thr Llys Pro Arg Glu Glu Glin Phe Asin Ser Thr Tyr Arg Val Val 
29 O 295 3 OO 

Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr 
3. OS 310 315 32O 

Lys Cys Llys Val Ser Asn Lys Gly Lieu Pro Ser Ser Ile Glu Lys Thr 
3.25 330 335 

Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu. 
34 O 345 35. O 

Pro Pro Ser Glin Glu Glu Met Thr Lys Asn Glin Val Ser Lieu. Thir Cys 
355 360 365 

Lieu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
37 O 375 38O 

Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp 
385 390 395 4 OO 

Ser Asp Gly Ser Phe Phe Lieu. Tyr Ser Arg Lieu. Thr Val Asp Llys Ser 
4 OS 41O 415 

Arg Trp Glin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala 
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42O 425 43 O 

Lieu. His Asn His Tyr Thr Glin Llys Ser Lieu. Ser Lieu. Ser Lieu. Gly Lys 
435 44 O 445 

<210s, SEQ ID NO 25 
&211s LENGTH: 339 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HzTFPI4 F3 6-CDRgrafted VL nucleic acid sequence 
(signal peptide sequence omitted) 

<4 OOs, SEQUENCE: 25 

gacatcgtga tigacccagac ccctctgtcc ctdtc.cgtga cccct ggcca gcc togcctic c 6 O 

atct cotgca agt cct coca gtc. cctdctg gaatc.cgacg gcaag acct a cctdaactgg 12 O 

tatctgcaga agcctggcca gtc.ccct cag ctgctgatct acctggtgtc. catcc tiggac 18O 

tccggcgtgc Ctgaccggitt Ctc.cggct Co ggcagcggca ccgactt cac cctgaagat C 24 O 

tcc.cgggtgg aggc.cgagga C9tgggcgtg tact actgcc tic aggccac ccact tcc.ct 3OO 

Cagacctttg gcggcggaac aaaggtggag at Caagcgt 339 

<210s, SEQ ID NO 26 
&211s LENGTH: 113 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
& 22 O FEATURE; 
<223> OTHER INFORMATION: HzTFPI4 F3 6-CDRgrafted VL amino acid sequence 

(signal peptide sequence omitted) 

<4 OOs, SEQUENCE: 26 

Asp Ile Val Met Thr Glin Thr Pro Leu Ser Leu Ser Val Thr Pro Gly 
1. 5 1O 15 

Gln Pro Ala Ser Ile Ser Cys Llys Ser Ser Glin Ser Lieu. Leu Glu Ser 
2O 25 3O 

Asp Gly Lys Thr Tyr Lieu. Asn Trp Tyr Lieu. Glin Llys Pro Gly Glin Ser 
35 4 O 45 

Pro Glin Lieu. Lieu. Ile Tyr Lieu Val Ser Ile Lieu. Asp Ser Gly Val Pro 
SO 55 6 O 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 7s 8O 

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Lieu. Glin Ala 
85 90 95 

Thr His Phe Pro Gln Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Llys 
1OO 105 11 O 

Arg 

<210s, SEQ ID NO 27 
&211s LENGTH: 363 

&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HzTFPI4 F3 6-CDRgrafted VH nucleic acid sequence 
(signal peptide sequence omitted) 

<4 OOs, SEQUENCE: 27 

gaggtgcagc tiggtcgagtic tigcggcgga Ctggtgaagc Ctggcggct C cctgcggctg 6 O 

t cct gcgctg. cct Coggctt Cacct tct Co alactacgc.ca tdt CCtgggit gcggCaggcc 12 O 
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cCagggaagg gactggaatg ggtgtccacc atct ccc.ggit cc.ggctic ct a citcct actac 18O 

gcc.gactic.cg taagggc.cg gttcaccatc agcagggaca acgc.caagaa ctic cctgtac 24 O 

Ctgcagatga act Coctgag agc.cgaggac acagc.cgtgt act actg.cgc Caggctgggc 3OO 

ggctacgacg agggcgacgc catggacago toggcc agg gCaccaccgt gaccgtgtcC 360 

t cc 363 

<210s, SEQ ID NO 28 
&211s LENGTH: 121 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HzTFPI4 F3 6-CDRgrafted VH amino acid sequence 
(signal peptide sequence omitted) 

<4 OOs, SEQUENCE: 28 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ser Thir Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Tyr Ala Asp Ser Val 
SO 55 6 O 

Lys Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Thr Val Thr Val Ser Ser 
115 12 O 

<210s, SEQ ID NO 29 
&211s LENGTH: 219 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HzTFPI4 F3 6-CDRgrafted LC amino acid sequence, 
human kappa chain (signal peptide sequence omitted) 

<4 OOs, SEQUENCE: 29 

Asp Ile Val Met Thr Glin Thr Pro Leu Ser Leu Ser Val Thr Pro Gly 
1. 5 1O 15 

Gln Pro Ala Ser Ile Ser Cys Llys Ser Ser Glin Ser Lieu. Leu Glu Ser 
2O 25 3O 

Asp Gly Lys Thr Tyr Lieu. Asn Trp Tyr Lieu. Glin Llys Pro Gly Glin Ser 
35 4 O 45 

Pro Glin Lieu. Lieu. Ile Tyr Lieu Val Ser Ile Lieu. Asp Ser Gly Val Pro 
SO 55 6 O 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 7s 8O 

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Lieu. Glin Ala 
85 90 95 

Thr His Phe Pro Gln Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Llys 



US 2017/011.4147 A1 Apr. 27, 2017 
55 

- Continued 

1OO 105 11 O 

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu 
115 12 O 125 

Glin Lieu Lys Ser Gly Thr Ala Ser Val Val Cys Lieu. Lieu. Asn. Asn. Phe 
13 O 135 14 O 

Tyr Pro Arg Glu Ala Lys Val Glin Trp Llys Val Asp Asn Ala Lieu. Glin 
145 150 155 160 

Ser Gly Asn. Ser Glin Glu Ser Val Thr Glu Glin Asp Ser Lys Asp Ser 
1.65 17O 17s 

Thr Tyr Ser Leu Ser Ser Thr Lieu. Thir Leu Ser Lys Ala Asp Tyr Glu 
18O 185 19 O 

Lys His Llys Val Tyr Ala Cys Glu Val Thr His Glin Gly Lieu. Ser Ser 
195 2OO 2O5 

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu. Cys 
21 O 215 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 448 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: HzTFPI4 F3 6-CDRgrafted HC amino acid sequence, 
human IgG4 (S241P) (signal peptide sequence omitted) 

<4 OOs, SEQUENCE: 30 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ser Thir Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Tyr Ala Asp Ser Val 
SO 55 6 O 

Lys Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Thr Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser 
115 12 O 125 

Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser Thr Ala 
13 O 135 14 O 

Ala Leu Gly Cys Lieu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val 
145 150 155 160 

Ser Trp Asn Ser Gly Ala Lieu. Thir Ser Gly Val His Thr Phe Pro Ala 
1.65 17O 17s 

Val Lieu. Glin Ser Ser Gly Lieu. Tyr Ser Leu Ser Ser Val Val Thr Val 
18O 185 19 O 

Pro Ser Ser Ser Lieu. Gly. Thir Lys Thr Tyr Thr Cys Asn Val Asp His 
195 2OO 2O5 

Llys Pro Ser Asn. Thir Lys Val Asp Lys Arg Val Glu Ser Lys Tyr Gly 
21 O 215 22O 
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Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly Pro Ser 
225 23 O 235 24 O 

Val Phe Leu Phe Pro Pro Llys Pro Lys Asp Thr Lieu Met Ile Ser Arg 
245 250 255 

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Glin Glu Asp Pro 
26 O 265 27 O 

Glu Val Glin Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala 
27s 28O 285 

Lys Thr Llys Pro Arg Glu Glu Glin Phe Asin Ser Thr Tyr Arg Val Val 
29 O 295 3 OO 

Ser Val Lieu. Thr Val Lieu. His Glin Asp Trp Lieu. Asn Gly Lys Glu Tyr 
3. OS 310 315 32O 

Lys Cys Llys Val Ser Asn Lys Gly Lieu Pro Ser Ser Ile Glu Lys Thr 
3.25 330 335 

Ile Ser Lys Ala Lys Gly Glin Pro Arg Glu Pro Glin Val Tyr Thr Lieu. 
34 O 345 35. O 

Pro Pro Ser Glin Glu Glu Met Thr Lys Asn Glin Val Ser Lieu. Thir Cys 
355 360 365 

Lieu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
37 O 375 38O 

Asn Gly Glin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Lieu. Asp 
385 390 395 4 OO 

Ser Asp Gly Ser Phe Phe Lieu. Tyr Ser Arg Lieu. Thr Val Asp Llys Ser 
4 OS 41O 415 

Arg Trp Glin Glu Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala 
42O 425 43 O 

Lieu. His Asn His Tyr Thr Glin Llys Ser Lieu. Ser Lieu. Ser Lieu. Gly Lys 
435 44 O 445 

<210s, SEQ ID NO 31 
&211s LENGTH: 112 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 31 

Asp Ile Val Met Thr Glin Thr Pro Leu Ser Leu Ser Val Thr Pro Gly 
1. 5 1O 15 

Gln Pro Ala Ser Ile Ser Cys Llys Ser Ser Glin Ser Lieu. Lieu. His Ser 
2O 25 3O 

Asp Gly Lys Thr Tyr Lieu. Tyr Trp Tyr Lieu Gln Lys Pro Gly Glin Ser 
35 4 O 45 

Pro Gln Leu Lieu. Ile Tyr Glu Val Ser Ser Arg Phe Ser Gly Val Pro 
SO 55 6 O 

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Lieu Lys Ile 
65 70 7s 8O 

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Met Glin Gly 
85 90 95 

Ile His Leu Pro Thr Phe Gly Gly Gly Thr Llys Val Glu Ile Lys Arg 
1OO 105 11 O 

<210s, SEQ ID NO 32 
&211s LENGTH: 112 

212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 
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<4 OOs, SEQUENCE: 32 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr 
2O 25 3O 

Ser Met Asn Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Ser Ser Ile Ser Ser Ser Ser Ser Tyr Ile Tyr Tyr Ala Asp Ser Val 
SO 55 6 O 

Lys Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Ser Lieu. Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Arg Met Asp Val Trp Gly Glin Gly Thr Thr Val Thr Val Ser Ser 
1OO 105 11 O 

<210s, SEQ ID NO 33 
&211s LENGTH: 224 
212. TYPE: PRT 

<213s ORGANISM: Mus musculus 

<4 OOs, SEQUENCE: 33 

Glu Val Glu Lieu Val Glu Ser Gly Gly Gly Lieu Val Llys Pro Gly Gly 
1. 5 1O 15 

Ser Leu Lys Lieu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr 
2O 25 3O 

Ala Met Ser Trp Val Arg Glin Thr Pro Glu Lys Arg Lieu. Glu Trp Val 
35 4 O 45 

Ala Thr Ile Ser Arg Ser Gly Ser Tyr Ser Tyr Phe Pro Asp Ser Val 
SO 55 6 O 

Glin Gly Arg Phe Thir Ile Ser Arg Asp Asn Ala Lys Asn. Thir Lieu. Tyr 
65 70 7s 8O 

Lieu Gln Met Ser Ser Lieu. Arg Ser Glu Asp Thr Ala Met Tyr Tyr Cys 
85 90 95 

Thir Arg Lieu. Gly Gly Tyr Asp Glu Gly Asp Ala Met Asp Ser Trp Gly 
1OO 105 11 O 

Gln Gly. Thir Ser Val Thr Val Ser Ser Ala Lys Thr Thr Pro Pro Ser 
115 12 O 125 

Val Tyr Pro Leu Ala Pro Gly Ser Ala Ala Glin Thr Asn Ser Met Val 
13 O 135 14 O 

Thr Lieu. Gly Cys Lieu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Val 
145 150 155 160 

Thir Trp Asn Ser Gly Ser Leu Ser Ser Gly Val His Thr Phe Pro Ala 
1.65 17O 17s 

Val Lieu. Glin Ser Asp Lieu. Tyr Thr Lieu Ser Ser Ser Val Thr Val Pro 
18O 185 19 O 

Ser Ser Thr Trp Pro Ser Glu Thr Val Thr Cys Asn Val Ala His Pro 
195 2OO 2O5 

Ala Ser Ser Thr Llys Val Asp Llys Lys Ile Val Pro Arg Asp Cys Gly 
21 O 215 22O 

<210s, SEQ ID NO 34 
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&211s LENGTH: 222 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 34 

Glu Wall Glin Lieu 
1. 

Wall 
5 

Glu Ser Gly Gly Gly Lieu Val Lys 

Ala Ala Ser Phe Thir Phe 
25 

Luell Ser Ser Lieu. Arg Gly 

Ala Met Wall Gn. Thir 
4 O 

Glu Lell 
45 

Ser Pro 
35 

Trp Arg Lys Arg 

Ala Thr 
SO 

Ile Phe 
6 O 

Ser Arg Ser Gly Ser Ser Pro 
55 

Glin 
65 

Phe Thir Ile 
70 

Ala 
7s 

Gly Arg Ser Arg Asp Asn Asn 

Gln Met Ser Luell Ala Glu Thir Ala Wall 
85 

Lell Asn Arg Asp 
90 

Ala Arg Lieu. Gly Glu Ala Met Gly Tyr Asp Gly 
105 

Asp Asp 

Glin Thir 
115 

Gly Thir Wall. Thir Wal Ser Ser Ala Ser Thr 
12 O 

Lys 
125 

Wall Phe 
13 O 

Ala Thir Ser Glu 
14 O 

Pro Leu Pro Cys Ser Ser 
135 

Arg 

Ala 
145 

Wall 
150 

Phe Pro G. Pro 
155 

Lieu. Gly Cys Lieu Asp 

Ser Trp Asn Ser Gly Ala Lieu. Thir Ser Wal His Thr 
1.65 

Gly 
17O 

Wall Glin Ser Lieu. Ser Ser Wall 
185 

Ser Ser Lell 
18O 

Luell Gly Tyr 

Thir Thir Thir Asn Ser Ser Leu 
195 

Pro Ser Gly Lys Tyr 

Thir Wall 
215 

Wall Glu Pro Ser Asn Ser 
21 O 

Asp 

1. A monoclonal antibody that is capable of specifically 
binding the K2 domain of TFPI, wherein said antibody is 
capable of specifically binding an epitope comprising resi 
due R17 of SEQ ID NO: 2. 

2. The monoclonal antibody of claim 1, wherein the 
epitope of said antibody comprises one or more residues 
selected from the group consisting of E10, E11, D12, P13, 
R17, Y19, T21, Y23, F24, N26, Q28, Q31, C32, E33, R34, 
F35, K36, and L50 of SEQ ID NO: 2. 

3. The monoclonal antibody of claim 1, wherein a light 
chain of said antibody comprises amino acid residues: 

E. in the position corresponding to position 31, 
S, in the position corresponding to position 32, 
D. in the position corresponding to position 33, 
Y. in the position corresponding to position 37. 
A, in the position corresponding to position 96, 
T, in the position corresponding to position 97, and 
F, in the position corresponding to position 99 
of SEQ ID NO: 15; 
and wherein a heavy chain of said antibody comprises 
amino acid residues: 

N, in the position corresponding to position 31, 
R, in the position corresponding to position 53, 

Pro 

Ser 

Glu 

Asp 

Ser 

Tyr 

Ser 
11 O 

Gly 

Ser 

Wall 

Phe 

Wall 
19 O 

Wall 

Gly 
15 

Gly 

Asn Tyr 

Trp Val 

Ser Wall 

Leu Tyr 

Tyr 
95 

Trp Gly 

Pro Ser 

Thir Ala 

Thir Wall 
160 

Pro Ala 

Thir Wall 

Asp His 

S. in the position corresponding to position 54. 
Y. in the position corresponding to position 57. 
Y. in the position corresponding to position 59, 
F. in the position corresponding to position 60, 
P. in the position corresponding to position 61, 
D. in the position corresponding to position 62, 
Q, in the position corresponding to position 65, 
Y. in the position corresponding to position 102, 
D. in the position corresponding to position 103, and 
D. in the position corresponding to position 106 
of SEQ ID NO 18. 
4. The monoclonal antibody of claim 3, wherein said 

heavy chain further comprises an S in the position corre 
sponding to position 52 of SEQ ID NO: 18. 

5. The monoclonal antibody of claim 4, wherein said light 
chain further comprises an H in the position corresponding 
to position 98 of SEQ ID NO: 15 and said heavy chain 
further comprises an S in the position corresponding to 
position 56 of SEQ ID NO: 18. 

6. The monoclonal antibody of claim 1, wherein a heavy 
chain of said antibody comprises: 
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a CDR1 sequence of amino acids 31 to 35 (NYAMS) of 
SEQID NO: 18, wherein one of these amino acids may 
be substituted by a different amino acid; and/or 

a CDR2 sequence of amino acids 50 to 66 (TISRSG 
SYSYFPDSVQG) of SEQ ID NO: 18, wherein one, 
two or three of these amino acids may be substituted by 
a different amino acid; and/or 

a CDR3 sequence of amino acids 99 to 110 (LGGY 
DEGDAMDS) of SEQID NO: 18, wherein one, two or 
three of these amino acids may be substituted by a 
different amino acid. 

7. The monoclonal antibody of claim 1, wherein the light 
chain of said antibody comprises: 

a CDR1 sequence of amino acids 24 to 39 (KSSQSLLES 
DGKTYLN) of SEQ ID NO: 15, wherein one, two or 
three of these amino acids may be substituted with a 
different amino acid; and/or 

a CDR2 sequence of amino acids 55 to 61 (LVSILDS) of 
SEQ ID NO: 15, wherein one or two of these amino 
acids may be substituted with a different amino acid; 
and/or 

a CDR3 sequence of amino acids 94 to 102 (LQATHF 
PQT) of SEQID NO: 15, wherein one or two of these 
amino acids may be substituted with a different amino 
acid. 

8. The monoclonal antibody according to claim 1, 
wherein a light chain of said antibody comprises SEQ ID 
NO: 21 and a heavy chain of said antibody comprises SEQ 
ID NO: 24. 

9. The monoclonal antibody according to claim 1, 
wherein the monoclonal antibody is capable of binding the 
K2 domain of TFPI with a higher affinity than mAb2974. 
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10. A monoclonal antibody according to claim 1 that is 
capable of neutralising the TFPI inhibition of membrane 
bound FVIIa/TF/FXa by at least 55% as measured in an 
FVIIa/TF/FXa inhibitor assay, when TFPI is saturated with 
said antibody. 

11. The monoclonal antibody according to claim 1, 
wherein the monoclonal antibody is a humanized antibody. 

12. The monoclonal antibody according to claim 1, 
wherein the monoclonal antibody is a human antibody. 

13. The monoclonal antibody according to claim 1, 
wherein the monoclonal antibody is a chimeric antibody. 

14. The monoclonal antibody according to claim 1, 
wherein the isotype of said antibody is IgG. 

15. The monoclonal antibody according to claim 1, 
wherein said isotype is selected from the group consisting of 
IgG1, IgG2, and IgG4. 

16. The monoclonal antibody of claim 1, wherein the 
monoclonal antibody is selected from the group consisting 
of a Fab fragment, a F(ab') fragment, a Fab' fragment, a Fd 
fragment, a FV fragment or a dAb fragment. 

17. The monoclonal antibody of claim 1, which is a 
deletion variant or an insertion variant. 

18. A eukaryotic cell which expresses the monoclonal 
antibody, or a fragment thereof, according to claim 1. 

19. A pharmaceutical composition comprising an anti 
body according to claim 1 and a pharmaceutically accept 
able carrier or diluent. 

20. A method of treating a Subject with a coagulopathy, 
comprising administering to said subject the monoclonal 
antibody according to claim 1. 

k k k k k 


