WO 03/ 093422 PCT/ US03/ 13521 NOVEL TI SSUE FACTOR TARGETED ANTI BODI ES AS
ANTI COAGULANTS BACKGROUND Mai ntaining the proper bal ance between

pr ocoagulwpto3asd2ant i coagul ant activity within bl ood ves®erasyi1msssent i al
for normal henostasis (Davie, EW et al. (1991) Biochemstry,
30(43):10363-10370). Perturbing the bal ance toward coagul ati on | eads to

t hronbosi s, which can cause heart attack, stroke, pul nonary enbolism and
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factor ("TF") is a transnenbrane glycoprotein that is the mgjor initiator
of the coagul ation cascade (Nenerson, Y. (1995) Thronb. Haenost.
74(1):180-184). Under normal physiological conditions active TF is not in
contact with blood. During vascular injury, exposure to blood of

subendot helial TF and col |l agen | eads to activation of coagul ation factors
and pl atel ets and subsequently to henostatic plug formation. Exposed TF
acts as a cofactor for the factB(ﬁ@KﬁRQUND:VI | a") catal yzed activation of
factor I X ("FIX") and factor X ("FX"), critical conponents of the
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i nfarction and stroke. settings, proin nat ory si gnal 1 ng
pat hways acti vat ed by coagul ation factors also contribute to edema
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PCT/ lé§9\%&é§géf th‘e%ntrinsic tenase and prothrombinase complexes, respectively. This leads to
rapid formation of FXa and thrombin. Thrombin then cleaves fibrinogen to fibrin, which
subsequently polymerizes to form the fibrin clot. The inappropriate induction of TF expression
in a variety of clinical settings can lead to life threatening thrombosis and/or contribute to
pathological complications. TF exposure following plague rupture is believed to be responsible
for thrombotic occlusion leading to acute myocardial infarction and stroke. In these settings,
proinflammatory signaling pathways activated by coagulation factors also contribute to edema
formation and increased infarct size. Vascular injury associated with angioplasty leads to
upregulation of TF on SMC’s which is believed to induce cell signaling pathways associated
with restenosis. TF overexpression in cancer and gram-negative sepsis leads to life

threatening thrombosis and activation of inflammatory pathways.

The FVIla/TF complex is involved in the pathogenic mechanism in a variety of
thrombotic diseases and the circulating level of TF is a risk factor for certain patients. FVlla

and TF play unique roles in vascular injury in maintaining hemostasis and initiating thrombosis.



TF is expressed in the adventitia normally, but is upregulated and
expressed inappropriately in the nmedia and neointina in vascular disease.
TF expr eswpon/op32at heroscl erotic plaques is increased an@C3hised/dwsai from
the blood by a thin fibrous cap that_jmy rupture to expose TF. Surgica

i nterventions such as balloon angi opl'asty, stenting, or endarterectony
damage the vessel wall and expose underlying TF. In the atherosclerotic,
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(e.g., heparin, FXa inhibitors) in preventing neointimal thickening and vascular stenosis
following balloon injury (Jang, Y. et al. (1995) Circulation 92(10):3041-3050).

Inhibition of TF, FVlla or the FVIla/TF complex is an efficacious antithrombotic approach
for preventing DIC and reducing mortality in experimental models of sepsis. TFPI analogs
prevent both thromboplastin and endotoxin-induced DIC in rabbits (Day, K.C. et al. (1990)
Blood 76:1538-1545; Bregengard, C. et al. (1993) Blood Coagul. Fibrinolysis 4:699-706).
Monoclonal antibodies against FVlla (Biemond, B.J. et al. (1995) Thromb. Haemost. 73:223-
230) or (Levi, M. et al. (1994) J. Clin. Invest. 93:114-120) prevent endotoxin-induced DIC in
monkeys. TF neutralizing antibodies, FVllai, and TFPI, inhibit DIC and reduce mortality in a
baboon model of E. coli-induced sepsis (Creasey, A.A. et al. (1993) J. Clin. Invest. 91:2850-
2860; Taylor, F.B. et al. (1991a) Blood 78:364-368; Taylor, F.B. et al. (1991b) Circ. Shock



2860; Taylor, F.B. et al. (1991 a) Bl ood 78:364-368; Taylor, F.B. et al.
(1991 b) Circ. Shock WD 03/093422 PCT/US03/13521 -3 33:127-134; Tayl or,
F.B. (199%P oblaexyest asi s Suppl. 1 26:83-91). Both free FXaPramaspdress21

FVI 1 a/ TF/ FXa conpl ex are known to in_cg,l_ce the production of proinflammatory
cytokines that are associated with an increased risk of death in patients
wth sepsis (Rewald, M et al. (2001) Proc. Natl. Acad. Sc!. USA
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consisting of factors VIl ("FVI|" [ X _ ("FI X" and X ("FX"). In a
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The present invention provides antibodies, which act as anticoagulants, that bind with
greater affinity to the factor Vlla/tissue factor ("FVIla/TF") complex than to tissue factor ("TF")
alone. In one embodiment, the antibodies of the invention bind with at least 2-fold greater
affinity to the FVIla/TF complex than to TF alone, as measured in a microcalorimtery assay. In
a preferred embodiment, the antibodies of the invention bind with at least 5-fold greater affinity
to the FVila/TF complex than to TF alone. In a more preferred embodiment, the antibodies of
the invention bind with at least 10-fold greater affinity to the FVIla/TF complex than to TF alone.
In another embodiment, the antibodies of the invention do not compete for binding to TF with
one or more coagulation factors selected from the group consisting of factors VIl ("FVII"), IX
("FIX"), and X ("FX"). In a preferred embodiment, the antibodies of the invention do not
compete for binding to TF with FVII and with FX. In a more preferred embodiment, the
antibodies of the invention bind with greater affinity to the FVIla/TF complex than to TF alone
and do not compete for binding to TF with FVII and with FX.



conpete for binding to TF with FVII and with FX. In a nore preferred

enbodi nent, the antibodies of the invention bind with greater affinity to
the FVI| awOR3mesIpt ex than to TF al one and do not conpet ePCarushd/mieng to TF
with FVI1 and with FX. WD 03/093422 aCT/U803/13521 -4 The anti coagul ant
anti body of this invention targets and binds to the FVIla/TF conplex at
the site of injury and inhibits factor X ("FX") activation, thus preventing
thronbus formation, and thereby perform ng effectively as an anti coagul ant
in the treatment of certain diseases including, but not limted to,
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conpri se DNA sequences encoding the antibody conponents.
In another aspect, the invention relates to a method for reducing and treating deep vein

thrombosis ("DVT") or disseminated intravascular coagulation ("DIC") or acute coronary
syndrome or cancer with evidence of coagulopathy in a patient comprising administering a

therapeutically effective amount of the antibody of the invention to said patient.

In another aspect, the invention relates to a method for regulating the inflammatory
response in a patient comprising administering a therapeutically effective amount of the

antibody of the invention to said patient.

in yet another aspect, the antibody of the invention can be used to form a non-
thrombogenic coating on the surface of medical devices contacting blood.

In still another aspect, the invention relates to a kit comprising an antibody of the
invention that binds to the FVIla/TF complex. Alternately, the kit may comprise DNA sequences

encoding the antibody components.



WO 03/ 093422 PCT/ US03/ 13521 -5 Al so disclosed are nethods of making the
anti bodi es of the invention, both reconbinant and synthetic. DESCRI PTI ON
OF THE FIVEORESIHRure 1. Activity of TF-binding single chacm/soyiisedi es in
the sTF/ FVIla peptide hydrolysis assay. The sTF/ FVIla peptide hydrolysis
assay was perfornmed as descri bed under Exanple 4 using an equilibrium

m xture of FVIla (5 nM and sTF (10 nM, based on the affinity of FVila for
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expr ewdegntbetitgl e chai n anti bodi es, and the cont rol proteins FMIlai (FVlla
i nactivated by a chl oronet hyl ket one pepti de, PPACK) and Mab#4504 (Anerican
Di agnostica), are indicated. Figure 2. Binding of scFv(TF)3el0 to sTF

i ncreases the apparent af DESCRIPDIONSOF THE FIBOREBS The STF/ FVila peptide
hydrol ysis assay was perfornmed as described under Exanple 4 using 2 nM
FVIla in the presence and absence of 800 nM bacterially expressed

scFv Figyrdal ActivineofSTH=bindRg sirigld efa@tlantiboict etRSTRYFARIpddige 'h?@r%ly@fs cl eavage
i de substrate S2266 was deternined. The KD aPpar ent

of the chrono t
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i ndi €3¢ ligi (FiHa inactivated by chigpimethyikeiphgy Pﬂ@f'd@f PPACKY) and

SCFVW#MNH%FIC§H-BIEIQ—H6§U }Férg\ﬂdléteooept' de hydrolysis assay was performed
as descri bed under Exanple using 3 nMsTF and 2 nMFVIla. The

concentration of sTF used was below the KD for binding to FVIIa.
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and the increased rate reaction was use appar ent
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n\) . was titrated into the assay and the rate of cleavage of the chromogenic peptide substrate

S2266 was determined. The Kp apparent for sTF was calculated using a standard 4-parameter

fit.

Figure 3. Activity of TF-binding single chain antibodies in the prothrombin time (PT) assay.
The PT assay was performed as described under Example 4 using recombinant human
thromboplastin (Dade, Inc.) containing full length human TF in phospholipid vesicles. Final
concentrations of the bacterially expressed single chain antibodies and the control protein
FViiai are indicated.

Figure 4. Measurement of apparent binding affinity of scFv(TF)3e10 for sTF. The sTF/FVlla
peptide hydrolysis assay was performed as described under Example 4 using 3 nM sTF and 2
nM FVila. The concentration of sTF used was below the Ky, for binding to FVlla. Bacterially
expressed scFv(TF)3e10 was added at increasing concentrations and the increased rate of
reaction was used to determine the Kp apparent of this antibody for sTF using a standard 4-
parameter fit. The affinity of scFv(TF)3e10 for the sTF / FVila complex (Kp(app) = 65 NM) is
greater than the affinity of scFv(TF)3e10 for sTF measured using BIAcore (Kpgpp) = 470 nM).



WO 03/ 093422 PCT/ US03/13521 -6 Figure 5. Measurenent of binding affinity
of scFv(TF)3el0 for TF and the FVIla/ TF conplex. The mcrocalorinetry
assay waswpasfoxared as descri bed under Exanpl e 4 using scPeiMR)p3eson
expressed in CHO cells. This assay shows that scFv(TF)3el0 has a -'20-fold
greater affinity for the sTF/ FVIla conplex ("Conplex") than for sTF ("Free
TF" ). Figure 6. scFv(TF)3el0 dose dependently inhibits FX activation. The
FX activation assay was perforned as descri bed under Exanple 4 using

i ncreasi ng concentrations of bacterially expressed scFv(TF)3el0, 250 nM
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all lines would intercept on the y-axis). Figure 8. scFv(TF)3el0 is
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respect to the substrate, FX. All lines intercept on (or near) the x-axis as anticipated for a
noncompetitive inhibitor (for a competitive inhibitor all lines would intercept on the y-axis).

Figure 8. scFv(TF)3e10 is efficacious in an in vivo model of disseminated intravascular
coagulation ("DIC"). The TF-antibody scFV(TF)3e10 expressed in CHO cells was evaluated in
the rat thromboembolism model described in Example 6 for (A) percent mortality and (B)
morbidity-mortality score. (A) In the vehicle-treated group, the dose of TF used resulted in 60%
lethality (LDeo). scFv(TF)3e10 at 0.7 nmol/kg had no impact on death, but at 7.0 nmol/kg
reduced lethality to <40%. (B) In the vehicle-treated group, the in vivo dose of TF resulted in an
average morbidity-mortality score of 2.6. scFv(TF)3e10 at 0.7 nmol/kg had no impact on death

and little or no effect on respiratory distress, but at 14 nmol/kg, the average morbidity-mortality
score was reduced to ~1.5.



-7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The anti coagul ant anti body of the
present invention is an antibody that binds with greater affinity to the
factor Viwe/wsiosmer factor ("FVila/ TF") conplex than to ti eswashacisor (" TF")
al one. The antibody of the invention pinds with at |east 2-fold greater
affinity, preferably at least 5-fold greater affinity, and nore preferably
at least 10-fold greater affinity, to the FVIla/ TF conplex than to TF
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occuraompgte fanbinbindite 3 Favith FvIagmewitisFXher eof . A DNA "codi ng sequence” |s a
DNA sequence which is transcribed into nRNA and translated into a

pol ypeptide in a host cell when placed under the control of appropriate

r egulDfipitiorsequences. The boundaries of the codi ng sequence are determ ned
by a star codon géﬁ the 5' N-term nus and a translation stop codon at the
3 term'hﬂ%scr' '”8 ﬁbeseg%'anéWE% tE%tFP"PWEIQJI'é“i)?@k%ﬂQ%‘? g inglicgtasikalew. cDNA
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adeni ne
by ah exogenous DNA construct encoding the desired polypeptide. Proteins or polypeptides

expressed in most bacterial cultures will be free of glycan. Proteins or polypeptides expressed
in yeast may have a glycosylation pattern different from that expressed in mammalian cells.

“Native” proteins or polypeptides refer to proteins or polypeptides recovered from a
source occurring in nature. The term “native antibody” would include naturally occurring
antibodies and fragments thereof.

A DNA “coding sequence” is a DNA sequence which is transcribed into mRNA and
translated into a polypeptide in a host cell when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence are determined by a start
codon at the 5" N-terminus and a translation stop codon at the 3’ C-terminus. A coding
sequence can include prokaryotic sequences, cDNA from eukaryotic mRNA, genomic DNA
sequences from eukaryotic DNA, and synthetic DNA sequences. A transcription termination
sequence Wwill usually be located 3' to the coding sequence.



guani ne, thym ne, or cytosine). DNA sequences encoding the antibodi es of
this invention can be assenbled fromsynthetic cDNA-derived DNA fragnents
and shor twolosgesez| eotide linkers to provide a syntheticPgensos/sel is
capabl e of being expressed in a recomgbi nant expression vector. In

di scussing the structure of particul ar doubl e-stranded DNA nol ecul es,
sequences nay be described herein according to the normal convention of
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integrated into chromosomal DNA. With respect to eukaryotic cells, a stably transformed cell is

one in which the exogenous DNA has become integrated into thé chromosome replication.

This stability is demonstrated by the ability of the eukaryotic cell lines or clones to produce a

population of daughter cells containing the exogenous DNA

The terms "analog", “fragment”, “derivative”, and “variant’, when referring to the
antibodies of this invention means analogs, fragments, derivatives, and variants of the
antibodies which retain substantially the same biological function or activity, as described
further below.

An "analog" includes a pro-polypeptide which includes within it, the amino acid
sequence of the antibody of this invention. The active antibody of this invention can be cleaved
from the additional amino acids that complete the pro-antibody molecule by natural, in vivo

processes or by procedures well known in the art such as by enzymatic or chemical cleavage.



For exanpl e, the reconbi nant scFV(TF)3el0 pol ypeptide (SEQID NGO 1) is
expressed as a 282 amno acid pro-polypeptide which is then processed in
vivo to rebeasessehe 264 amino acid active nature pol ypeptecaaisodu3str agnent
is a portion of the antibody of the igwention that retains substantially
simlar functional activity, as shown'in the in vitro assays discl osed
herein as described further below. A "derivative" includes all
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be generated by inserting N or O glycosylation sites into the anti body
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about 30%to 100% or nore of that biological activity denonstrated by the

pol ypeptide to which it is being conpared when the biological activity of
each pol ypepeiiddive'sindedes ali medifitations to tharamtipsdieedithis imrentisisthat  For
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subs utrons’ inclu ose Atl as of Protein
Sequence and Structure 5 by Dayhoff (1978) and by Argos (1989) EMBO J.

8: 779-785. 1, ci.ds .bel qQngqi 1 ne_of the fqllow ng
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03/ 0%%%2& tﬁggia§8%élla%%%%/ demonstrated by the polypeptide to which it is being compared

when the biological activity of each polypeptide is determined by the same procedure or assay.

For example, an antibody that has substantially similar functional activity to the antibody of
Example 1 (SEQ ID NO:1) is one that, when tested in the sTF/FVIla peptide hydrolysis and FX
activation assays described in Example 4, demonstrates the ability to bind to and neutralize the
FVHa/TF complex.

“Similarity” between two polypeptides is determined by comparing the amino acid
sequence and its conserved amino acid substitutes of one polypeptide to the sequence of a
second polypeptide. Such conservative substitutions include those described above in The
Atlas of Protein Sequence and Structure 5 by Dayhoff (1978) and by Argos (1989) EMBO J.
8:779-785. For example, amino acids belonging to one of the following groups represent
conservative changes:

-Ala, Pro, Gly, GIn, Asn, Ser, Thr:
-Cys, Ser, Tyr, Thr;

-Val, lle, Leu, Met, Ala, Phe;
-Lys, Arg, His;



-10- -Phe, Tyr, Trp, H's; and -Asp, Qu. "Antibody" as used herein includes
i ntact immunoglobulin ("1g") nolecules, as well as fragnments thereof, such
as Fab, RyeWw3p42mand Fv, which are capabl e of binding an @pirtusp&13581t he
selected target protein, for exanpleqgsoluble TF ("sTF"). Typically, at

| east 6, 8, 10, or 12 contiguous amno acids are required to form an

epi tope. However, epitopes which involve non- contiguous am no aci ds my
requipgd 1PHEy 1§is9 nft | east 15, 25, or 50 amino acids. Al other technical
terms Used 'herein have the same meani ng as is commonly used by those

ski | H&%P,iGlut he art to which the present invention bel ongs. Antibodies of
the I nvention and their Generation: The anticoagul ant anti bodies of this
invention bind with greater affinity to the factor Vila/tissue factor
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consisting of factors VI ("FVI1"), IX ("FIX"), and X ("FX") for binding
to TF. In a nore preferred enbodi nent, the antibodies of the invention do
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with FVI1 and with FX. GCenerally speaking, an antibody that binds
specifi.cally to a, selected tar rotein (e.g., the FVIla/TF conplex or
TF) ép@&pggégé?bglweﬂ;mna f‘gtﬁﬁi?%‘ﬁr%ﬁ * 5-, 10-, or 20- fold higher than
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In another preferred embodiment of this invention, the antibodies also do not compete with one

or more coagulation factors selected from the group consisting of factors VII ("FVII"), IX ("FIX"),
and X ("FX") for binding to TF. In a more preferred embodiment, the antibodies of the invention
do not compete with FVII and with FX for binding to TF. In the most preferred embodiment, the
antibodies of the invention bind with greater affinity to the FVIla/TF complex than to TF alone
and do not compete for binding to TF with FVIl and with FX.

Generally speaking, an antibody that binds specifically to a selected target protein (e.g.,
the FVlla/TF complex or TF) provides a detection signal at least 5-, 10-, or 20- fold higher than
a detection signal provided with other proteins when used in an immunochemical assay.
Preferably, antibodies that bind specifically to the selected target protein do not detect other

proteins in immunochemical assays and can immunoprecipitate the target protein from solution.

The selected target protein can be used to immunize a mammal, such as a mouse, rat,
rabbit, guinea pig, monkey, or human to produce polyclonal antibodies. If desired, the target



-11 protein can be conjugated to a carrier protein, such as bovine serum
al bum n, thyroglobulin, and keyhole |inpet henpbcyanin. Depending on the
host specwel3/093ei ous adj uvants can be used to increase Phoa/tsonasel ogi cal
response. Such adjuvants include, bujsare not limted to, Freund's
adjuvant, mneral gels (e.g., alum num hydroxide), and surface active
substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides,
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sim be y require
a1 e e 255 305907 Ao LR 1B 2l Rl rouoPe 87 1B Bk el ahioPBent
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which differ fromthose in the human sequences by site directed nutagenesis

of individual residues or by grafting of entire conplenentarity
det er m ni gaddéginoteshnigliesedevatdped Ifgr, thé prosoctedof “atitelio dhtitsodisalt the produced
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prevent a patient from mounting an immune response against the antibody when it is used

therapeutically. Such antibodies may be sufficiently similar in sequence to human antibodies to

be used directly or may require alteration of a few key residues. Sequence differences

between rodent antibodies and human sequences can be minimized by replacing residues

which differ from those in the human sequences by site directed mutagenesis of individual

residues or by grafting of entire complementarity determining regions. Alternatively, humanized

antibodies can be produced using recombinant methods, as described in GB2188638B.

Antibodies that bind specifically to a selected target protein can contain antigen-binding sites

which are either partially or fully humanized, as disclosed in U.S. Patent 5,565,332.

Alternatively, techniques described for the production of single chain antibodies can be
adapted using methods known in the art to produce single chain antibodies ("scFv") that bind

specifically to a selected target protein. Antibodies with related specificity, but of distinct



specifically to a selected target protein. Antibodies with rel ated
specificity, but of distinct WD 03/093422 PCT/US03/13521 -12 idiotypic
conposi t iwn,030g32be generated by chain shuffling from ranacmusosdseat ori al
g libraries (Burton (1991) Proc. Negjl. Acad. Sci. USA 88:11120-11123).
Single chain antibodies also can be constructed using a DNA anplification
met hod, such as PCR, using hybridoma cDNA as a tenplate (Thirion et al.
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activity, antibodies conprising that Fv region may be prepared by nethods
known to one of skill in the art. Thus, for exanple, Chaudhary, V.K et

al . ( 198g&nﬁ*lwldiﬁSéha?.ﬂ)(cBm)ﬁcalwé-a’ﬁ?ecteﬁamrgsat pibtédn cah alsalbe ;ﬁr&&%}j b%/ Bi ol .
Che”hdagnr’é 375\)/v015’r%8§ctr10ﬁ%91?i’1e I%Eﬁ&yte popula%on or by gcreenl%g Ig Pbrarles or paner R Sci .
highly specific binding reagents as disclosed in the literature (Orlandi et al. (1989) Proc. Natl.
Acad. Sci. USA 86:3833-3837; Winter et al. (1991) Nature 349:293-299).

The DNA encoding the antibody of the invention may be cloned in ¢cDNA or in genomic
form by any cloning procedure known to those skilled in the art. See for example, Sambrook,
J.F. et al. (1989) Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory
(1989), which is herein incorporated by reference).

In the case where the antibody is a monoclonal antibody, once a DNA sequence has
been identified that encodes a Fv region which when expressed shows specific binding activity,
antibodies comprising that Fv region may be prepared by methods known to one of skill in the
art. Thus, for example, Chaudhary, V.K. et al. (1989) Nature 339(6223): 394-397; Batra, J.K. et
al. (1990) J. Biol. Chem. 265(25):15198-15202; Batra, J.K. et al. (1989) Proc. Natl. Acad. Sci.
USA 86(21):8545-8549; Chaudhary, V.K. et al. (1990) Proc. Natl. Acad. Sci. USA 87(3):1066-



USA 86(21):8545-8549; Chaudhary, V.K et al. (1990) Proc. Natl. Acad. Sci.
USA 87(3):1066 WD 03/093422 PCT/US03/13521 -13 1070, all incorporated by
r ef er enceyodameiebe t he preparation of various single chaiPeTAarsp$/Bsely
proteins. In a preferred approach, gg TF-bi nding anti bodi es of the
invention are single chain antibodi which are prepared using a phage
display library. The epitope-binding region of a single chain antlbody IS
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The TF-binding phage from the scFv phage display library are selected, amplified, and
subsequently identified using panning techniques that are well known in the art. Soluble TF is
immobilized in plastic tubes, and non-fat milk can be used to reduce non-specific binding to the
plastic. The population of scFv phage is exposed to the immobilized sTF in the plastic tubes,
and the unbound phage are removed by extensive washing. The TF-binding scFv phage are
eluted from the tubes and then amplified by infecting TG1 E. coli cells in solution. This panning
procedure is repeated three times, and the resulting TF-binding scFv phage are isolated by
transforming TG1 cells. Transformants expressing TF-binding antibodies are identified using a
standard ELISA with sTF immobilized onto plastic in 96-well dishes. The DNA of the single
chain antibody inserts of ELISA-positive transformants are sequenced. Based on DNA
sequencing, six unique single chain antibodies, scFv(TF)2c1, scFv(TF)2c11, scFv(TF)2d3,
scFv(TF)2h6, scFv(TF)3e10 and scFv(TF)3h2, are identified herein, and were expressed and
purified from E.coli, and characterized as described below under Example 5.
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RPMI 7032 melanoma cells, a readily available human cell line. The CHL-1 cell line has been

deposited with ATCC according to conditions of the Budapest Treaty and has been assigned

#CRL 9446, deposited Jun. 18, 1987. Cells suitable for use in this invention car commercially

available from the ATCC. lllustrative cell lines include Spodoptera frugiperda and Bombyx mori.

The prokaryotic system, E. coli, is not able to do post-translational modification, such as
glycosylation. In addition, proteins with complex disulfide patterns are often misfolded when
expressed in E. coli. With the prokaryotic system, the expressed protein is either present in the
cell cytoplasm in an insoluble form so-called inclusion bodies, found in the soluble fraction after
the cell has lysed, or is directed into the periplasm by addition of appropriate secretion signal
sequences. If the expressed protein is in insoluble inclusion bodies, solubilization and

subsequent refolding of the inclusion bodies is usually required.
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promoter, and a transcriptional terminator.

Suitable promoters in yeast vectors for expression include the promoters of TRP1 gene
the ADH1 or ADHII gene, acid phosphatase (PHO03 or PHO5) gene, isocytochrome gene, or the
promoters involved with the glycolytic pathway, such as the promoter of enolase,
glyceraldehyde-3-phosphate dehydrogenase (GADPH), 3-phosphoglycerate kinase (PGK),
hexokinase, pyruvate kinase, triosephosphate isomerase and phosphoglucose isomerase
(Hitzeman, RA. et al. (1980) J. Biol. Chem. 255(24):12073-12080; Hess, B. et al. (1968) J.
Adv. Enzyme Reg. 7:149-167; and Holland, M.J. and Holland, J.P. (1978) Biochemistry
17(23):4900-4907).

’

Commercially available yeast vectors include pYES2, pPIC9 (Invitrogen, San Diego,
CA), Yepc-pADH2a, pYcDE-1 (Washington Research, Seattle, WA), pBC102-K22 (ATCC #
67255), and YpGX265GAL4 (ATCC # 67233). Mammalian cell lines including but not limited to
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mechanical disruption, or use of cell lysing agents.

The plasmid construct based on pCANTAB5 (Pharmacia) was used for the bacterial
expression of the single chain antibodies of this invention. For example, a plasmid containing
the single chain antibody scFv(TF)3e10 is pZ612/3e10 and encodes the single chain antibody
sequence followed by an e-tag sequence, which can be used to purify the protein. The amino
acid sequence of the scFV(TF)3e10 antibody corresponds to SEQ ID NO:1 (Example 1), and
the DNA sequence encoding scFv(TF)3e10 corresponds to SEQ ID NO:2.

The piasmid construct based on pTHR525 (see U.S. Patent No. 5,827,824) was used
for the mammalian expression of the single chain antibodies of this invention. For example,
primers were designed to generate a DNA fragment spanning the pro-scFv(TF)3e10 amino acid
sequence, including the N-terminal signal sequence and the C-terminal e-tag sequence, in the
bacterial expression plasmid. PCR was performed to generate a DNA fragment that was

inserted into the mammalian expression plasmid, which contains the ampicillin resistance gene
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and then collected into tubes containing 0.1 volume 1M Tris buffer, pH 8.2 to neutralize the

elution buffer. Alternately, the filtered culture medium was loaded onto a protein A column. In

this case, the column was washed with 50 mM citric acid, 300 mM NaCl, pH 6.5 and eluted with

the same buffer at pH 3.0. In both cases, the purified samples were subsequently loaded onto a

Sephadex 200 column to separate monomer from dimer forms of the antibody.

Selection of Antibodies of the Invention:

Once antibodies are generated, expressed and purified, they can further characterized
using BlAcore, a sTF dependent factor Vila assay (sTF/FVlla peptide hydrolysis assay), a FX
activation assay, and the PT assay described under Example 4 in order to identify the
antibodies of this invention.

In a preferred embodiment of this invention, TF-binding scFv antibodies that bind with
greater affinity to the FVIla/TF complex than to TF alone are selected using the sTF/FVlla
peptide hydrolysis assay. In this assay, TF-antibodies that bind with greater affinity to the
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act i inhipjt FX actlvatlon Flgure 3 shows that the single chain antibody scFv(TF)3e10 prolonged
the PT, indicating that this antibody inhibits FX activation. In the FX activation assay, TF-
antibodies that inhibit FXa activity are expected to inhibit the hydrolysis of the chromogenic
substrate 52222, Figure 6 shows that the single chain antibody scFV(TF)3e10 inhibited FXa
activity.

TF-binding scFv antibodies that do not compete with FX for binding to TF are selected
using the FX activation assay. In this assay, TF-antibodies that are non-competitive with FX
are expected to inhibit FX activation independently from the concentration of FX used. Figure 7
shows that the single chain antibody scFv(TF)3e10 inhibited FXa activity in a FX concentration-
independent manner.

In a preferred embodiment of the present invention, a single chain antibody
(scFv(TF)3e10) was identified which has a single V/Vy binding site for TF. The amino acid
sequence of scFv(TF)3e10, is shown in Example 1 and corresponds to SEQ ID NO:1. The
DNA sequence encoding scFv(TF)3e10 corresponds to SEQ ID NO:2.
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i ndependently fromthe concentration ﬁf FX used. Figure 7 shows that the
singl e chain antibody scFv(TF)3el0 | ibited FXa activity in a FX
concentration- independent manner. In a preferred enbodi nent of the present
invention, a single chain antibody (scFv(TF)3el0) was identified which has
a single VHNL binding site for TF. The amino acid sequence of
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skilled in the.art fromthe teachings herein. Preferably, the derivatives
of t KPPIGE ARt nvention will contain conservative anino acid
substitutions (defined further bel ow) nade at one or mnore predi ct ed,

pr ef er abl )é) %OFBE gi?el al .amno acid residues. A "nonessential"™ am no acid
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of am no a(fJ resi dues having simlar side chains have
‘essential” amino acid residue is required for biological activity. A “conservative amino acid

substitution” is one in which the amino acid residue is replaced with an amino acid residue
having a similar side chain. Families of amino acid residues having similar side chains have
been defined in the art. These families include amino acids with basic side chains (e.g., lysine,
arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side
chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Non-conservative substitutions
would not be made for conserved amino acid residues or for amino acid residues residing within
a conserved protein domain, unless the substitutions were made for the purpose of selecting for
variant antibodies as described further below. Fragments or biologically éctive portions include
polypeptide fragments suitable for use as a medicament, as a research reagent, and the like.
Fragments include peptides comprising amino acid sequences sufficiently similar to or derived

from the amino acid sequences of an antibody of this invention and exhibiting at least one



been defined in the art. These famlies include am no acids with basic side
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g.,
aspartic woiod/o9ygbut am ¢ aci d), uncharged pol ar side chai RET(USVH13529] yci ne,
asparagi ne, glutam ne, serine, threogine, tyrosine, cysteine), nonpolar
side chains (e.g., alanine, valine, feucine, isoleucine, proline,
phenyl al ani ne, net hi oni ne, tryptophan) bet a- branched side chains (e.g.,
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t 0 hafthe ahtibaids agychirdt /iyl ated so that it can readily react with
streptavidin. Methods for biotinylation of proteins are well known in the
art. Additionally, N or Ogylcosylation sites nay be intrduced into the
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sequence sufficiently similar to the amino acid sequence of the original antibodies. The term
“sufficiently similar’ means a first amino acid sequence that contains a sufficient or minimum
number of identical or equivalent amino acid residues relative to a second amino acid sequence
such that the first and second amino acid sequences have a common structural domain and/or
common functional activity. For example, amino acid sequences that contain a common
structural domain that is at least about 45%, preferably about 75% through 98%, identical are
defined herein as sufficiently similar. Preferably, variants will be sufficiently similar to the amino
acid sequence of the preferred antibodies of this invention. Variants include variants of
antibodies encoded by a polynucleotide that hybridizes to a polynucleotide of this invention or a
complement thereof under stringent conditions. Such variants generally retain the functional
activity of the antibodies of this invention. Libraries of fragments of the polynucleotides can be
used to generate a variegated population of fragments for screening and subsequent selection.
For example, a library of fragments can be generated by treating a double-stranded PCR



of the antibodies may occur in vivo. Variants of the antibodies of this

i nvention include pol ypeptides having an am no acid sequence sufficiently
simlar twotlhe9zanai no aci d sequence of the original antibodcCedaiSoymss2t er m
"sufficiently simlar' neans a fi rsgzil[n' no acid sequence that contains a
sufficient or mnimum nunber of identical or equivalent amno acid
residues relative to a second am no acid sequence such that the first and
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heavy chains to create variants that retain substantially similar functional activity. Particularly
preferred variants include single chain antibodies with insertions or deletions of amino acid
residues in the V-V, linker between the V,; and V| domains. The V-V, linker sequence in the
single chain antibody depicted in Example 1 is 5 amino acid residues in length. It will be
apparent that other short linker sequences, from 0 to 20 amino acids may be used, wherein the
antibody retains substantially similar functional activity. Modifications of the existing V-V,

linker may be aimed at increasing the stability of the dimer form of the single chain antibody.

In one embodiment, a variegated library of variants is generated by combinatorial
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A variegated
library of variants can be produced by, for example, enzymatically ligating a mixture of synthetic
oligonucleotides into gene sequences such that a degenerate set of potential variant amino acid
sequences is expressible as individual polypeptides, or, alternately, as a set of larger fusion

proteins (for example, for phage display) containing the set of sequences therein. There are a



Variants al so include antibodies that differ in amno acid sequence due to
the insertion or deletion of am no acid residues by nutagenesis. For
exanpl e, wotlagexesi s nay be performed accordi ng to reconipcmarsp3/DNA
techni ques well known in the art to h?sert or delete amno acids in the
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Example 1 depicts the amino acid sequence of one TF-binding single chain antibody,
scFv(TF)3e10 (SEQ ID NO:1), and delineates the Vu-V, linker and the Vi and V. domains.
Variants that have TF- or FVIla/TF complex-binding activity or inhibit FX activation can be
identified by screening combinatorial libraries of mutants, for example insertion, truncation or
point mutants, of the antibodies of this invention using the sTF/FVlla peptide hydrolysis or FX
activation assays described in Example 4. The antibodies of the present invention include the
antibodies of Example 1 and 3 (SEQ ID NOs:1 and 3), as well as those antibodies having
insubstantial variations in sequence from it. An “insubstantial variation” would include any
sequence, substitution, or deletion variant that maintains substantially at least one biological
function of the antibodies of this invention, e.g., the ability to inhibit FX activation. These

functional equivalents may preferably include antibodies which have at least about a 90%



gene libraries generated by the conbinatorial nutagenesis of antibodies for
TF- or FVIlal/ TF conpl ex-binding activity or FX activation inhibitory
activity.woheg/omazt wi dely used techniques, which are anmerablusSoy/sshi gh

t hroughput anal ysis for screening | aﬁge gene libraries typically include
cloning the gene library into replicable expression vectors, transform ng
appropriate cells vmth the resulting library of vectors and expressing the
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sterile water, or any other commercially prepared physiological buffer solution designed for
intravenous infusion. It will be understood that the selection of the carrier solution and the
dosage and administration of the composition will vary with the subject and the particular clinical

setting, and will be governed by standard medical procedures.

In accordance with the methods of the present invention, these pharmace'utical
compositions may be administered in amounts effective to inhibit the pathological

consequences associated with excess thrombin generation in the subject.

Administration of the antibody may be by a bolus intravenous injection, by a constant
intravenous infusion or by a combination of both routes. Alternatively, or in addition, the
antibody mixed with appropriate excipients may be taken into the circulation from an
intramuscular site. Systemic treatment with antibody can be monitored by determining the
activated partial thromboplastin time (PT) on serial samples of blood taken from patient. The



Phar maceuti cal Conpositions: The invention al so provides pharnaceuti cal
conpositions which can be adm nistered to a patient to achieve a

t her apeutwo oef$mer . Pharmaceuti cal conpositions of this imeeriSoymsean be
prepared for adm nistration by conbjgjng the antibody of this invention
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anount wi th physiol ogically acceptable carriers. The antibodies of the
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conpositions can be admnistered in a variety of unit dosage forns

dependi ng upon the nethod of adm nistration. For exanple, unit dosage forns
can be adAitypic pharthacautidabcdrmypasitiondbridira@nous administration can be readily

determined by one of ordinary skill in the art. The amounts administered are clearly protein
specific and depend on its potency and pharmacokinetic profile. Actual methods for preparing
parenterally administrable compositions will be known or apparent to those skilled in the art and
are described in more detail in such publications as Remington’s Pharmaceutical Science, 15"
ed., Mack Publishing Company, Easton, Pa (1980).

The compositions containing the present antibodies of the invention or a cocktail thereof
(i.e., with other proteins) can be administered as therapeutic treatments. In therapeutic
applications, compositions are administered to a patient suffering from a bleeding disorder or
disease in an amount sufficient to cure or at least partially arrest the bleeding. An amount
adequate to accomplish this is defined as a “therapeutically effective amount”’. Amounts
effective for this use will depend upon the severity of the disease and the general state of the
patient’s health.



but not limted to tablets, capsules, powder, solutions, and enul sions. The
reconbi nant anti bodi es and pharmaceutical conpositions of this invention
are partwouwB@asdsg2 useful for intravenous adm nistration. Pha&/usSonmEssitions
for admnistration will comonly C(_)E?I;i se a solution of the single chain
anti body di ssolved in a pharmaceutically acceptable carrier, preferably in
an aqueous carrier. A variety of aqueous carriers can be used, e.g.,
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Cell and Gene Therapy:

An antibody of the invention may be employed in accordance with the present invention
by expression of such antibody in vivo by a method referred to as “cell therapy”. Thus, for
example, cells may be engineered with a polynucleotide (DNA or RNA) encoding the antibody
ex vivo, and the engineered cells are then provided to a patient to be treated with the antibody.
Such methods are well known in the art. For example, cells may be engineered by procedures
known in the art by use of a retroviral particle containing RNA encoding the antibody of the
present invention.

An antibody of the invention may also be employed in accordance with the present
invention by expression of such antibody in vivo by a method referred to as "gene therapy”.
Thus, for example, a virus may be engineered with a polynucleotide (DNA or RNA) encoding
the antibody, and the engineered virus is then provided to a patient to be treated with the
antibody. Such methods are well known in the art. For example, recombinant adenoviruses



action of the antibody; the age, body weight, general health, sex, and diet
of the patient; the node and tine of admnistration; the rate of

excr et i orwotobe9derg conbi nation; the severity of the par®PCEaisas/13521

di sease-states; and the host under gokgg t herapy. CGenerally, a daily

t herapeutically effective amount is fromabout 0.14 ng to about 14. 3 ny/ kg
of body wei ght per day of an anti body of the invention, or
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virus based vectors), and parvoviruses (preferably “defective” or non-autonomous

parvovirus based vectors, more preferably adeno-associated virus based vectors,

most preferably AAV-2 based vectors). See, e.g., Ali et al. (1994) Gene Therapy

1:367-384; U.S. Patent 4, 797,368, incorporated herein by reference, and U.S.

Patent 5,139,941, incorporated herein by reference.

The choice of a particular vector system for transferring the gene of interest will depend
on a variety of factors. One important factor is the nature of the target cell population.
Although retroviral vectors have been extensively studied and used in a number of gene
therapy applications, these vectors are generally unsuited for infecting non-dividing cells. In
addition, retroviruses have the potential for oncogenicity. However, recent developments in the
field of lentiviral vectors may circumvent some of these limitations. See Naldini et al. (1996)
Science 272:263-267.



Both in vitro and in vivo cell and gene therapy nethodol ogi es are
contenpl ated. Several nethods for transferring potentially therapeutic
genes to wefisoed2zrel | popul ations are known. See, e.g., MarUSgams¢1993)
Science 260:926-931. These nethods [gglude: 1) Direct gene transfer. Se,
e.g., WIff et al. (1990) Science 247: 1465-1468; 2) Liposone-nedi ated DNA
transfer. See, e.g., Caplen et al. (1995 Nature Med. 3:39- 46; Crystal
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manmary tunor virus. In one enbodinment, the retroviral plasmd vector is
derived

In a preferred embodiment, the DNA encoding the antibodies of this invention is used in

cell or gene therapy for disorders including, but not limited to, deep vein thrombosis,
disseminated intravascular coagulation, acute coronary syndrome or cancer with evidence of
coagulopathy.

According to this embodiment, cell or gene therapy with DNA encoding the antibodies of
this invention is provided to a patient in need thereof, concurrent with, or immediately after
diagnosis.

The skilled artisan will appreciate that any suitable gene therapy vector containing DNA
encoding the antibody of the invention or DNA encoding analogs, fragments, derivatives or
variants of the antibody of the invention may be used in accordance with this embodiment. The
techniques for constructing such a vector are known. See, e.g., Anderson, W.F. (1998) Nature
392:25-30; Verma .M. and Somia, N. (1998) Nature 389:239-242. Introduction of the antibody
DNA-containing vector to the target site may be accomplished using known techniques.



from Mol oney Murine Leukem a Virus. Adenoviruses have the advantage that
they have a broad host range, can infect quiescent or termnally
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essentially non-oncogenic. See, e.g._zsAIi et al. (1994), supra, p. 367.
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human growth hormone promoter.

The retroviral plasmid vector is employed to transduce packaging cell lines to form
producer cell lines. Examples of packaging cells which maybe transfected include, but are not
limited to, the PES01, PA317, w-2, w-AM, PA12, T19-14X; VT-19-17-H2, wCRE, yCRIP, GP+#-
86, GP+envAm12, and DAN cell lines as described in Miller (1990) Human Gene Therapy 1:5-
14, which is incorporated herein by reference in its entirety. The vector may transduce the
packaging cells through any means known in the art. Such means include, but are not limited
to, electroporation, the use of liposomes, and CaPO, precipitation. in one alternative, the
retroviral plasmid vector may be encapsulated into a liposome, or coupled to a lipid, and then
administered to a host. The producer cell line generates infectious retroviral vector particles
which include the nucleic acid sequence(s) encoding the polypeptides. Such retroviral vector
particles then may be employed, to transduce eukaryotic cells, either in vitro or in vivo. The
transduced eukaryotic cells will express the nucleic acid sequence(s) encoding the polypeptide.
Eukaryotic cells which may be transduced include, but are not limited to, embryonic stem cells,
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containers containing the antibody of SEQ ID NO:1 or SEQ ID NO:3.

In another embodiment, the kits may contain DNA sequences encoding the antibodies
of the invention. Preferably the DNA sequences encoding these antibodies are provided in a
plasmid suitable for transfection into and expression by a host cell. The plasmid may contain a
promoter (often an inducible promoter) to regulate expression of the DNA in the host cell. The
plasmid may also contain appropriate restriction sites to facilitate the insertion of other DNA
sequences into the plasmid to produce various antibodies. The plasmids may also contain
numerous other elements to facilitate cloning and expression of the encoded proteins. Such
elements are well known to those of skill in the art and include, for example, selectable
markers, initiation codons, termination codons, and the like. In a more preferred embodiment
the kits comprise containers containing the DNA sequences of SEQ ID NO:2 or SEQ ID NO:4.
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PCT/ US03/ 13521 -30- Therapeutic Indications: Diseases in which thronbus
for *play a significant etiological role include nyocardi al
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pul ngrﬂ%%gy of this invention are available. The anticoagulant effect of an antibody can be
measured using plasma clotting time assays such as the activated partial thromboplastin time
("APTT"), thrombin clotting time ("TCT") and/or prothrombin time ("PT"). These assays
distinguish between different mechanisms of coagulation inhibition, and involve the activation of
protein C. Prolongation of the clotting time in any one of these assays demonstrates that the

molecule can inhibit coagulation in plasma.

The above assays are used to identify antibodies with anticoagulant activity which are
able to bind TF in both purified systems and in a plasma milieu. Further assays are then used .
to evaluate other activities of the antibodies of the invention, such as inhibition of thrombin
catalyzed formation of fibrin from fibrinogen (Jakubowski, H.V. et al. (1986) J. Biol. Chem.
261(8): 3876-3882), inhibition of thrombin activation of factor V (Esmon, C.T. et al. (1982). J.
Biol. Chem. 257(14):7944-7947), accelerated inhibition of thrombin by antithrombin I{l and
heparin cofactor Il (Esmon, N.L. et al. (1983) J. Biol. Chem. 258(20):12238-12242), inhibition of
thrombin activation of factor XIlII (Polgar, J. et al. (1987) Thromb. Haemost. 58(1):140),



enbolism ischaem c stroke, septic shock, acute respiratory distress
syndrone, unstable angina and other arterial and venous occl usive
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as well as in other diseases in which, thronbus formation is pathol ogical.

Ot her pat hol ogi cal conditions where the antibody of this invention may be
useful include cancer with coagulopathy and i nflammation. The anti bodi es
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example it should be kept clearly in mind that other and different embodiments of the methods

disclosed according to the present invention will no doubt suggest themselves to those of skill in
the relevant art.

In the foregoing and in the following examples, all temperatures are set forth
uncorrected in degrees Celsius and, all parts and percentages are by weight, unless otherwise
indicated.

The entire disclosure(s) of all applications, patents and publications, cited above are
hereby incorporated by reference.

* k kR Kk



i nhibition of thronbin nediated inactivation of protein S (Thonpson, E A
and Salem HH (1986) J. din. Inv. 78(1):13-17), and inhibition of

t hronbi n wodBatmek pl at el et activati on and aggregation ( EPcorysomMis2i et al.
(1983), supra). The follow ng assayss, described in detail under Exanple 4,
are used to neasure the in vitro potency or the in vitro binding affinity
of the antibodies of the invention: 1) sTF/ FVIla peptide hydrolysis assay;
2) factor X activation assay; 3) MSSERY and 4) mcrocalorinmetry assay.
In carrying out the procedures o e present invention it is of course to
be understood t h8ingleCaaimnidi-Ti® Aptibbdy CbastrinetffcEv@F)3edi a, reagents,
cells, culture conditions and the like are not intended to be limting,
but are to be read so as to include all related materials that one of
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peptide (-18 to -1), Vi domain (1 to 126), V-V, linker (127 to 131), V. domain (132 to 246), and

e-tag sequence (247 to 264). The scFv(TF)3e10 DNA sequence (SEQ ID NO:2) encodes the

amino acid sequence of SEQ ID NO:1.

EXAMPLE 2
Single Chain Anti-TF Antibody Construct scFv(TF)3e10A

(-18) M L ¢ V L, V L, 6 A L A L A ¢ L V F P E M A Q
v N L R E §$ ¢6 ¢ T L VvV Q P G 6 8 L R L 8 C A A 8
¢ F S ¥ T D A WM S WV R Q A P G XK BE L E W V S
s I 5 G 8 G G 8 T Y Y A G S8V K G URVF T I 8 R D
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R Vv L 8 L T DY Y WY G MD V W G QG T L V T V
s A G G GG G S N PF ML T QP H S V S A S P G K T
v T I 8 ¢ T R 8 8 G 8 V A S Y Y V. Q0 W Y Q Q R P
G 8§ s P T TV I ¥ EDDNUHIRP S GV P DZR F S G
s I Db T S s N S A S L TTI S G L K TEUDZEA AD Y



VNLRESGGTLVQPGGSLRLSCAAS GFSFTDAWMSWYVR
QAPGKELEWVS SI SGSGGSTYYAGSVKGRFTI SRD NS
KNTLYWDO@OM4MSLRAEDTAVYYCA RVLSL T PCYUSOM3R2G M D V
WGQGTLVTV SAGGGGSG NFMLTQPHSVSASP GKTYV
TISCTRSSGSVASYYVQW QQRPGSSPTTVIYEDNHR
PSGVPDR FSGSIDTSSNSASLTISGLKTEDE ADYYCQ
SYLINNEWVE GOOT KLyT Y  GAA B CGAP VP § DAL BPRA
A (264) The single chain anti-TF anti body scFv TF)3e1l0 (SEQ I D NG 1)

conststs & & slggn‘él P p&ptPde od t& -§), PVI-‘? dé}maP*n (A43)o 126) VH VL i nker

(127 to 131), VL donmain (132 to 246), and e-tag sequence (247 to 264). The

SEQ | D NITE SIESAGBRS SIS UTE0SHA e TP Sk ROy ICReR e sonl o *

chv;(eBEhaemer (1-)19D1 dMnlam@‘tb h,26>5 VHQLﬁqker/enfy L) 1@1; aMdFvLFaoEn qua@to\mbAb IF_) 2 E

2 | F) o108 diffass som w5 TEA8H9 by deletion o3 RmincradisiGAR) ahihg NAgHSINEEN T L Y

L Q Mﬂ% §Ls&mﬁalﬁ‘ dAd fBéEef%tMn i %efé: %rm%a\/eg g?/séqd'éng ;Tpée %ﬁ@(ﬁ-’\)@#@&l BWA TQRG ST S

G s s\¢qur$e»(SEQﬂDQNw4ve(yngeRﬂw armnsadesenruqnoe of SECGHDON®3H RP S GV PDRF
SG SI DTSSNSASLTI SGLKTEDEADY W 03/093422

PCT/US03/13521 -33 YCQSYDSNNLVVFGGGTKLTVLGA
EXAMPLE 3

Expression of the Anti-TF Antibodies in Bacterial and Mammalian Cells

Six different single chain antibodies, scFv(TF)2c1, scFv(TF)2c11, scFv(TF)2d3,
scFv(TF)2h6, scFv(TF)3e10 and scFv(TF)3h2, were identified from TF-binding phage, over-
expressed in E. coli, and affinity purified using an e-tag affinity column as described above.
The affinities of the six purified antibodies for sTF were measured using BlAcore, and then
these antibodies were characterized in the sTF/FVlla peptide hydrolysis, FX activation, PT, and
microcalorimetry assays described under Examble 4, the results of which are described under
Example 5.

The scFv(TF)3e10 antibody (SEQ ID NO: 1) was also expressed in CHO cells. The
expression plasmid contained the DNA sequence encoding scFV(TF)3e10 (SEQ ID NO:2) and
both the hygromycin B and DHFR selection markers. Original selection was done in 400 pg/ml
hygromycin io select a population. The resulting population was then subjected to 100 nM
methotrexate selection. During this selection, cells that have amplified copies of the region of
DNA containing the selection marker, and target gene, are selected from amongst the
population. The expression levels were increased from approximately 0.3 mg/L to about 6 mg/L
as a result of this selection.

EXAMPLE 4
In Vitro Potency and Binding Affinity Assays

1. sTF/FVIla Peptide Hydrolysis Assay



AAGAPVPYPDPLEPRAA(243) The single chain anti-TF anti body
scFv(TF)3el OA (SEQ ID NGO 3) consists of a signal peptide (-18 to -1), VH
domai n (Iwom3028p; VH VL linker (127 to 131), and VL donmiPeT(USB213501 243) .
scFv(TF)3el Oz differs fromscFv(TF)gel0 by deletion of 3 amno acids (GAP)
at the NNterminus of the VL domain and by deletion of the Cterm nal e-tag
sequence. The scFv(TF)3el OA DNA sequence (SEQ ID NO4) encodes the anm no
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m crocal ori rretry assays descri bed under Exanple 4, the results of which are

descy,i und le 5. The scFv(TF) 3e10 antibody (SEQ ID NO 1) was
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to select a population. The resulting popul ation was then subjected to 100

J expl llection. During this selection, cells that have
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4. Chromogenic substrate S2266 (Kabi Pharmacia Hepar Inc.): Stock solution: 10 mM in H.0,

stored at 4 C. 2.5 x working solution- prepare 2.5 mM solution in assay buffer prior to use.

5. Antibody: Prepare 2.5x dilutions in assay buffer prior to use.

Assay Conditions:
Assays are performed in a 96-well microtiter plate at room temperature. The final
concentrations of the components are as follows:

sTF 3nM
Antibody vary from 1000 to 0.625 nM
FVila 2 nM
S2266 1 mM

Assay Procedure:

1. Pipette 0.1 mlof 2.5x AB (or buffer control) into each well.

2. Add 0.025 ml 10x sTF and incubate 10 min at room temperature with mild shaking.

3. Add 0.025 ml 10x FVlia, incubate 10 min at room temperature with mild shaking.

4. Add 0.1 ml 2.5x S2266 substrate, immediately transfer the plate into a plate reader and

measure enzyme kinetics at 405 nm at 10 seconds interval for 15 min.



nitroanilide, is nonitored at 405 nm and the concentration of product
formed per unit time is calculated using a nolar extinction coefficient of
9920 M'' cwiD.o3l0eE02 val ues (C) are determned by fitting tRETIUS0S/138R1 r at es
into the 4 paraneter equation: Y = (A5D)/(1+ (x/QAB )+ D _ _

H D-Val - Leu- Arg-p-NA -> HD-Val -Leu-Arg + p-NA S2266 Substrate Tripeptide
Chronophore Reagents and solutions: 1. Assay buffer: 50 mM Tris-HCI, 150
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Chr onogeni ¢ substrate S2 armaci a Hepar Inc.): Stock solution: 10
mMin HO, stored at 4 C. 2.5 x working solution- prepare 2.5 nM sol ution

in ags r use, 5. Antibody: Prepare 2.5x dilutions in assay
bufer P%?tlgg?(f&g“%glbﬂ Askgg Condi tions: Assays are perfornmed in a 96-well
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coefficient of 9920 M'em™. 1Cx, values (C) are determined by fitting the initial rates into the 4-

parameter equation: Y = (A-D)/(1+ (x/C)*B )+ D

Bz-lle-Glu-Gly-Arg-p-NA  —  Bz-lle-Glu-Gly-Arg-OH + p-NA
S2222 Substrate Chromophore

Reagents and solutions:

1. Assay buffer; 50 mM Tris-HCI, 150 mM NaCl, 5mM CaCl,, 0.1% BSA, pH7.5

2. Human FVlia (HCVIIA-0031, Haematologic Technologies Inc.): 4 x working solution-
prepare 100 pM solution in assay buffer prior to use.

3. Recombinant Human TF (reconstituted in our lab from Innovin, Dade): working solution-
prepare 1:480 dilution in assay buffer prior to use.

4. Human factor X (HCX-0060, Haematologic Technologies Inc.): 4 x working solution-
prepare 1000 nM solution in assay buffer prior to use.

5. Chromogenic substrate $2222 (Kabi Pharmacia Hepar Inc.):
Stock solution: 6 mM in H,0, stored at 4 C.
Working solution- prepare 0.78 mM solution in 3.57 mM EDTA (to stop the reaction), 150
mM NaCl, 50 mM Tris-HCI pH 7.5 prior to use.

6. Antibody:

Prepare 4x dilutions in assay buffer prior to use.



invention to sTF or the FVIla/ TF conpl ex, and to determ ne whether the

anti bodies of the invention conpete with FVII for binding to TF. 2. Factor
X Activatworsmssay The principle of this assay is depicteacChaisom3sEVlla is
i ncubated with reconmbi nant human TE3gesicles to forma protease conpl ex
capabl e of activating the substrate, FX. This conplex is fornmed in the
presence (or absence) of different concentrations of antibody, then the
substAake doXditisng: Nt roduced and the reaction is allowed to proceed to form
t he product, active  protease FXa, which is capable of_hydrolyzing the
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t he concentration of Bro duct forned per unit tine is calculated using a
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det erAHtipegy by f\,la%;ﬂr&g 1@@@@05@5@,“ rates into the 4- paraneter equation: Y =
(A-D)/ 1+ (x/ Q7 z-1le-Au-Ay-Arg-p-NA -+ Bz-lle-Qu-@y-Arg-CH +

p- NA F\a20 22 Sub”sStR‘\éte Chrom)phore Reagents and solutions: 1. Assay buffer:
50 migyiri s-HCl o585y ™ NaCl, 5nM Cadl 2, 0.1 % BSA, pH7.5 2. Human FVIla
(HCVI | A- 0031, Haemat ol ogic Technol ogies Inc.): 4 x working solution-

pr epa¥d22200 pMOSQﬂQman in assay buffer prior to use. 3. Recombi nant Human
TF (reconstituted in our lab fromlnnovin, Dade): working solution- prepare
1: 480 dilution in assay buffer prior to use. 4. Human factor X (HCX-0060,
HaemedSSRb frecetdi@hnol ogi es Inc.): 4 x working sol ution- prepare 1000 nM

SOl U, OPigioRo BTFBUMIY AR (BF biffer kit fintobachilfeliogeni ¢ substrate $2222 (Kabi
Phar maci a Hepar solution: 6 nMin H20, stored at 4 C. WrKing

sol ut3-ofidd §¥ ééﬁ'é*XGT%SIGﬁ*Me%I ution in 3.57 mM EDTA (to stop the reaction),

150 4mVhhRE 01550 4W\7rra' %cbgteﬁ'd an%t RdPfertieriBRe with mi@khBaey: Prepare 4x
dilutions in assa rior use. WD 037093422 PCT/ US03/ 13521 - 36-

4. Add 0.015 ml 4x FX mcuba e 5 min at room temperature with mild shaking.
5. Add 0.14 m} S2222 substrate, immediately transfer the plate into a plate reader and
measure enzyme Kinetics at 405 nm at 10 seconds interval for 15 minutes.

~ This assay may be used to determine whether the antibodies of the invention inhibit the
FVila/TF complex to activate FX, and to determine whether the antibodies of the invention
compete with FX for binding to the FVIla/TF complex.

3. Prothrombin Time (PT) Assay

For the standard PT reaction, 90 pl of an appropriate concentration of the antibody or
PBS is added to 20 pl Thromboplastin IS (Dade) and 90 ul of 25 mM CaCl; in a cuvette. The
mixture is incubated for 1 min at 37°C, then 100 pl of citrated plasma (Helena Laboratories).
Alternatively, an appropriate volume of concentrated antibody is added to 100 pl of recombinant
human thromboplastin (Ortho Recombiplastin) and approximately 2 min later, 100 pl
reconstituted human plasma is added. Clotting time for each individual coagulation assay is
measured by taking the average of two measurements using an Electra 900C Coagulometer
(Hemoliance) and the average values determined from replicate assays (n = 3 or 4). Dose
response curves were generated for each inhibitor and then regression analysis was used to

calculate the concentration (in nM) necessary for a two-fold extension of the clotting time.



Assay Conditions: Assays are perfornmed in a 96-well mcrotiter plate at
roomtenperature. The final concentrations of the conponents are as

fol |l ows: wOR3weRiezl es 1/ of 1:480 dilution Antibody varyPCTarsod/@301 t o
0.625 nM FVila 25 pM FX 250 nM S2222.0.546 nM Assay Procedure: 1.
Pipette 0.015 m of 4xAB (or buffer control) into each well. 2. Add 0.015
m 4x rTF vesicles. 3. Add 0.015 ml 4x FVila, incubate 10 mn at room
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FVI | antitodissmb thexinventiaot i vate FX, and to det erm ne whet her the anti bod| es of
the invention conpete with FX for binding to the FVIila/TF conpl ex. 3.
Prothrombin Time (PT) Assay For the standard PT reaction, 90 d of an
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ti me uMTFO8/5088 @2nECél BIRP 341 dRPantibody is added to the syringe. Data analysis is

performed using MicroCal Origin software. The data is fit to a single binding site.

EXAMPLE 5

In Vitro Characteristics of the Anti-TF Antibodies of this Invention

Six different TF-binding antibodies were isolated from a fully human single chain
antibody phage display library: scFv(TF)2c1, scFv(TF)2¢c11, scFv(TF)2d3, scFv(TF)2h6,
scFv(TF)3e1O and scFv(TF)3h2. The affinities of these sTF-binding antibodies, expressed in E.
coli, as measured using the BlAcore, were between 35 and 470 nM. The sTF/Vlla peptide
hydrolysis assay described under Example 4 was used to determine if these antibodies blocked
the formation of an active Vlla/TF complex. In this assay, binding of Vlla to sTF accelerates
the rate of cleavage against the chromogenic peptide substrate S2266 by >20-fold. Antibodies
that inhibit binding of FVlla to TF block this acceleration. Five of the single chain antibodies,
scFv(TF)2c¢1, scFv(TF)2c11, scFv(TF)2d3, scFv(TF)2h6, and scFv(TF)3h2, inhibited 82266
hydrolysis, suggesting that they inhibit FVlla binding to sTF (Figure 1). In contrast, the single
chain antibody scFv(TF)3e10 did not inhibit the sTF/Vlla peptide hydrolysis assay and, in fact,
this antibody increased the rate of $2266 hydrolysis, suggesting that scFv(TF)3e10 increases
the affinity of sTF for FVIla. Using the sTF/Vlla peptide hydrolysis assay, the scFv(TF)3e10
antibody increased the affinity of FVila for sTF, decreasing the Kp apparent 5-fold (Figure 2).



-37 This assay may be used to evaluate the effect of the antibodies of the
I nvention on the extrinsic blood coagul ati on pat hway. The anpunt of

anti body wegaiosad2t o double the PT is determ ned, and maycCrasopynsare to
ot her anticoagul ants to assess the r@gative potency of the antibodies of
the invention. 4. Mcrocalorinmetry Assay The microcalorinetry (Isothermal
titration calorinmetry) assay is used to neasure the binding affinity (KD)
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concentrations of the substrate FX, indicating that scFv(TF)3e10 is noncompetitive with FX and
does not bind to TF or to the FVIla/TF complex at the same site as FX (Figure 7).

The scFv(TF)3e10 antibody was identified on the basis of binding to recombinant
human soluble TF. The sequence homology of TF between the human and murine or human
and rabbit is 58% and 71%, respectively. The antibody appears to bind to a unique epitope on
human TF that interferes with activation of FX by the FVIla/TF complex. Physiologically, this
antibody has an advantage over antibodies that compete with FV1l or FVlla binding to TF. The
Ko of FVlla for soluble TF is ~10 nM (Figure 2), a value that is consistent with published values
for the binding of FVlla to sTF (4.8 nM, Neuenschwander, P. F. and Morrissey, J. H. (1994) J.
Biol. Chem. 269(11):8007-8013) or the binding of FVII, FVIla and DIP inactivated-FVllai to full
length TF reconstituted in neutral phosphatidylcholine vesicles (Bach R. et al. (1986)
Biochemistry 25:4007-4020). The affinity of FVII or FVlia binding to full length TF increases
greatly when charged phosphatidyl serine is included in the phospholipid vesicles (Bach R. et
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humahX. and rabbit is 58@6and 71 % respectively. The anti body appears to
bind to a unique epitope on human TF that interferes with activation of FX
by the FVila/ TF conpl ex. Physiologically, this antibody has an advant age
over antibodi es that conpete witEXAMRLEHS FVIIa binding to IF. The KD of
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The TF-binding single chain antibody scFv(TF)3e10 is specific for primate TF. A
thromboembolism model triggered by human TF (thromboplastin reagent containing human
recombinant TF, Ortho) was developed in conscious male Sprague-Dawley rats (350 — 400 g, n
> 7/group). In this model of disseminated intravascular coagulation (DIC), TF, via
thromboplastin injection, induces pulmonary fibrin deposition, respiratory failure, and death.
Doses of mammalian cell expressed scFv(TF)3e10 or vehicle were injected into the tail vein
followed, 15 min later, by a bolus injection of thromboplastin (0.5 mi/kg). In the vehicle treated
group, this dose of TF resulted in 60% lethality (LDsgo), usually within 5 min after thromboplastin
injection. The rats were scored according to the following morbidity-mortality scoring system: 0
= unaffected; 1 = mild respiratory distress (recover within 30 min); 2 = severe respiratory
distress (moribund, recovery required more than 60 min); and 3 = death. The average score

was used for comparing the efficacy of the different treatment groups. The results using this in
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i ndependent of the plasma concentrati'on of FX. EXAMPLE 6 In vivo Rat

Thr onboenbol i sm Model The TF-bi nding single chain anti body scFv(TF)3el0 is
specific for primate TF. A thronboenbolism nodel triggered by human TF
(thronbopl asti n reagent containing human reconbi nant TF, O'tho) was

devel oped in conscious nale Sprague-Dawl ey rats (350 - 400 g, n >

7/ group). In this nodel of dissem nated intravascul ar coagul ation (D C),
TF, via thronboplastin injection, induces pulnonary fibrin deposition,
respiratory failure, and death. Doses of manmalian cell expressed
scFv(TF) 3el0 or vehicle were injected into the tail vein followed, 15 mn
| ater, by a bolus injection of thronboplastin (0.5 m/kg). In the vehicle
treated



group, this dose of TF resulted in 60%lethality (LD60), usually within 5
mn after thronmboplastin injection. The rats were scored according to the
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di stress (noribund, recovery required nore than 60 mn); and 3 = death. The
average score was used for conparing the efficacy of the different
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-40 vivo assay are depicted in Figure 8. The antibody of the invention was
able to reduce nortality and reduce respiratory distress in this assay.
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While the invention has been illustrated with respect to the production of
certain_antibody constructs, it is apparent that variations and
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measur eﬂff'r"ﬁ/’@thﬁENH@/alqummwtyaaysaﬁ along, The antibody of O aim2, wherein
said antibody binds with at least 5-fold greater affinity to the FVIla/TF

conplex than to TF alone. 4. The anti body of Claim3, wherein said anti body
bi nds wit h ‘Eie ardihody ol0Clioh &, heratnesaid aritibody bipds with laéleES 1@fdlFgreatysl ex t han

to TF aé,q toﬁh%igﬂaﬁgtdo?@qjé/xtﬂ% gaoa}r:g]o 5 wherein said antibody is a

nonocl ona ant | dy of "Claimb5, wherein said antibody is a
single chain anti body, a Fab diner antibody or an 1gG anti body. 7. The
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6.  The antibody of Claim 5, wherein said antibody is a single chain antibody, a Fab dimer
antibody or an IgG antibody.

7. The antibody of Claim 6, wherein said antibody is a single chain antibody.

8.  The antibody of Claim 7, wherein said antibody does not compete for binding to TF
with one or more of the coagulation factors selected from the group consisting of factor VI
(FVII), factor IX (FIX), and factor X (FX).

9.  The antibody of Claim 8, wherein said coagulation factors are FVII and FX.

10. The antibody of Claim 1, wherein said antibody is glycosylated.

11. The antibody of Claim 1, wherein said antibody is modified by the addition of
polyethylene glycol.

12." The antibody of Claim 1, wherein said antibody is biotinylated for binding streptavidin.



8. The antibody of daim7, wherein said anti body does not conpete for
binding to TF with one or nore of the coagulation factors selected from

t he groupwomnsdmei ng of factor VII (FVI1), factor | X (Fl XCI/snglifsact or X
(FX). 9. The antibody of Claim8, whgpein said coagulation factors are FVII
and FX. 10. The antibody of Claim1, wherein said antibody is

gl ycosylated. 11. The antibody of Claim1l, wherein said antibody is

nodi fied by the addition of polyethylene glycol. 12. The anti body of C aim
1, wherein said antibody is biotinylated for binding streptavidin. WO

03/ 093453 PophaIsEseytipabgompopitiong comprising theeatipedy-0f @ﬁmbsmhwroepmwﬁpm si ng
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ant i bod$Ad #atibodyet hod for protecting against thrombus formation,

conprising admnistering a therapeutically effective anmount of the

anti body of Claiml1, wherein said antibody inhibits the generation of
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SurgerYthe]a@tuva‘ﬁoﬁ%hB%g Fé@%tnér?%ét@%tsand treating deep vein thronbosis (DVT),
di ssem nated intrav gcu l'ar coagul ation (DI C), acute coronary syndronme, or
cancer with evidence of coagulopathy in a patient, conprising
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to said patient regul ating ammatory response in a
pat i entfO"é@’iﬁB’rlPﬁchgem@cﬁiﬁohe,sth@mb@c&Omhéqeép@&ﬁq”@\whg)anefop@@m ve anount of

t he antmmbésgu,a,q%ég},l to said patient. 18. The nethod of Caim 17,
wherein said fla ory response is selected fromthe group consi sti ng
of sepsis, skin and vein grafts, and organ transpl ants 19. The anti body of
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coating on t e surface o ice mhere devi ce
intravascular coagulation (DIC), acute coronary syndrome or cancer W|th evidence of
coagulopathy in a patient, comprising administering a therapeutically effective amount of the

antibody of Claim 1 to said patient.

17. A method for regulating the inflammatory response in a patient, comprising
administering a therapeutically effective amount of the antibody of Claim 1 to said patient.

18. The method of Claim 17, wherein said inflammatory response is selected from the
group consisting of sepsis, skin and vein grafts, and organ transplants.

19. The antibody of Claim 1, wherein said antibody can be used to form a non-
thrombogenic coating on the surface of a medical device, wherein said medical device
comes in contact with blood.

20. AKkit, comprising the antibody of Claim 1.

21.  AKit, comprising DNA sequences encoding the antibody of Claim 1.



comes in contact with blood. 20. A kit, conprising the antibody of C aim1.
21. A kit, conprising DNA sequences encoding the antibody of Claiml. WO
03/ 093422wB@3001808/ 13521 - 43 22. A gene therapy conposiPCIrarsp3/csepri si ng
the pol ynucl eoti de sequence of SEQ.|4p.NO 2 or SEQ ID NO 4, which encodes
the anti body consisting of the am no acid sequence of SEQ ID NO 1 or SEQ
ID NO 3, in conbination with a therapeutically effective anount of a gene
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anti body conprises the amno ac sequence D NO'1 or SEQ I'D NO 3.
25. A penethenyoer@e sequence encoding the anti body of daim23, wherein
said polynucl eotide sequence conprises the nucleic acid sequence of SEQ ID
NO 2 or SEQ ID NO 4.

23. An anticoagulant antibody, wherein said antibody is a single chain antibody that binds

with greater affinity to the FVlla/TF complex than to TF alone and wherein said antibody
does not compete for binding to TF with FVIl and FX.

24. The antibody of Claim 23, wherein said antibody comprises the amino acid sequence
of SEQ ID NO:1 or SEQ ID NO:3.

25. A polynucleotide sequence encoding the antibody of Claim 23, wherein said
polynucleotide sequence comprises the nucleic acid sequence of SEQ ID NO:2 or SEQ ID
NO:4.



