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ANTI COAGULANTS BACKGROUND Mai ntaining the proper bal ance between

procoagul ant and anticoagul ant activity within blood vessels is essenti al
for nor sis (Davie, EW at al. (1991) Biocherg
30(43):%89?%?728). Perturbing the bal ance toward coagulcgﬁsgﬂlz’lszelads to

t hronbosi s, which can cause heart attack, stroke, pul nonary enbolism and
venous thrombosis. There is a need for nore effective and safer
anticoagulants for the treatment of specific thronmbotic disorders. Tissue
factor (' THOYELJISSUE FACTORTARCETER ANIIBRRIES ASHANTIGOAGULMMISr 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 platelets and subsequently to henbstatic plug formati on. Exposed TF
acts as a cofactor for the factor Mla ("FVIla") catal yzed activation of
factor I X ("FIX") and factor X BAQWGROUNDitical conponents of the intrinsic
t enase and pr ot hr onbi nase conpl exes, respectively. This leads to rapid
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by coagul ation factors also contribute to edema formation and i ncreased

infarct size. Vascular injury associated with angioplasty |eads to
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at hways associ ate
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03/ 093§0r?\/lfglé\}f§9)3ca%a?fyzegl actlvatlon of factor IX ("FIX"} and factor X ("FX"), critical

components of the intrinsic 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 compilications. 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 compiex 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. FVlia
and TF play unique roles in vascular injury in maintaining hemastasis and initiating thrombosis.



TF is expressed in the adventitia normally, but is upregulated and expressed
i nappropriately in the nedia and neointima in vascul ar disease. TF
expression in atherosclerotic plagques is increased and shielded fromthe

bl ood by g, J?d? ,bi brous cap that may rupture to expose pEyysiyisiical
|ntervent|ons such as ball oon angiopl asty, stenting, or endarterectony
damage the vessel wall and expose-#énderiying TF. In the atherosclerotic,
lipid-rich, thin-walled plaque, spontaneous rupture or endothelial erosion
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stenos oW n Injury (Jang, Y. et al. (1995) Circulation
92(10): 3041-3050). inhibition of TF, FVJla or the FVIla)TF conplex is an
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Monocl onal anti bodi es _agai nst FVI'la (Bi enond et al.
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C i n.Hdebes Y4(19464£8P8-1n addition, FVIIa/TF inhibition is superior to other anticoagulants

(e.g., heparin, FXa inhibitors) in preventing neointimal thickening and vascular stenosis
following balloon injury (Jang, Y. et al. (1895) 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. ef a/. (1990)
Blood 76:1538-1545; Bregengard, C. et al. (1993) Blood Coagul. Fibrinolysis 4:699-706).
Monoclonal antibodies against FVIla (Biemond, B.J. et al. (1995) Thromb. Haemost, 73:223-
230) or {(Levi, M. ef al. (1994) J. Clin. Invest. 93:114-120) prevent endotoxin-induced DIC in
monkeys. TF neutralizing antibodies, FVilai, and TFPI, inhibit DIC and reduce mortality in a
baboon model of E. cofi-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. at al. (1991 a) Bl ood 78:364-368; Taylor, F.B. at at
(1991 b) Circ. Shock WD 03/093422 PCT/US03/13521 -3 33:127-134; Tayl or,
F.B. (1996) Haenostasis Suppl. 126:83-91). Both free FXa and the

FVI I a/ TF@:@%@ Qp! ex are known to induce the productionpgfyRfsabsh! ammatory
cyt oki nes are associated with an increased risk of death in patients
with sepsis (Riewald, M et al. (268%) Proc. Natl. Acad. Sci. USA

98. 7742-7747) . I nt er est | ngly, FVIiai was shown to | ower plasma |evels of
IL-6 and IL-8 in the baboon nodel (Taylor, F.B. at at (1998) Bl ood
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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 FVlla/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 FVlla/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™), 1X
("FIX™), and X ("FX"). In a preferred embodiment, the antibodies of the invention do not
compete for binding to TF with FVIl and with FX. In a more preferred embodiment, the
antibodies of the invention bind with greater affinity to the FVIla/TF complex than o 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 FVI1a/TF conplex than to TF alone and do not conpete for binding to TF
with FVII $h FX. WO 03/ 093422 PCT/ US03/ 13521 -4 agul ant

ant i body o? ?’Pﬂ S invention targets and binds to the FVI Pﬁﬁ@ﬂ%’ios?rgl ex at the
site of injury and inhibits factor ~&-("FX") activation, thus preventing
thronbus formation, and thereby perform ng effectively as an anti coagul ant
in the treatnent of certain diseases including, but not limted to, sepsis,
di ssem nated i ntravascul ar coagul ati on, ischaem c stroke, deep vein
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t he afitlovaclians\igéty 6k &anldirgrafé, apl afgah @lfispldils.anot her aspect, the
invention relates to a nethod for reducing and treating deep vein

t hronbosis ("DVT") or dissem nated intravascul ar coagulation ("DIC') or

acut e cor gmaiother ¥Pebt ah@inentid Heidediphimeice@iRacnositionoetngpishhd n a
patien conpr %séé ng administering a therapeutically effective amount of the
ant i tfb‘b&‘? IS nvention to said patient. In another aspect, the invention
relates to a nethod for regulating the inflanmatory response in a patient
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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 FIGURES Figure 1. Activity of TF-binding single chain antibodies in the

STF/ FVI | g, Debidsfls hydrolysis assay. The sTF/ FVIla pept ipge Ryg9ysi s assay
was performnmed as descri bed under Exanple 4 using an equilibriumm xture of

FVila (5 nM and sTF (10 nM, baseddn the affinity of FVila for sTF

(KQ app) = -10 nM. Hydrolysis of the chronobgenic peptide substrate S2266
was nonitored as described. Final concentrations of the bacterially

expr essedA8p fisclesedharermetheds R diaking thgantibpdies ebife inyentitno peth secomanegt * (Fvi | a

| nactandafrftfbtiey @ chl oromet hyl ket one peptide, PPACK) and Mab#4504 (Anerican
D agnostica), are indicated. Figure 2. Binding of scFv(TF)3el0 to sTF

i ncreases the apparent affinity of sTF for FVIla. The sTF/ FVila peptide

hydrol ysi s assay was per pESORIPAONEGE THEIREUREgSer Exanple 4 using 2 nM
FVIla in the presence and absence of 800 nM bacterially expressed

scFv(TF) 3el0. The sTF was titrated into the assay and the rate of cleavage
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was cal cul ated using a standard 4-paraneter  fit gure 3. Activity
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The Rﬂs'm?%a @Mumﬁmpﬁﬁxmé @sﬁﬁvu@é Sjrﬁ\k)(érnh Red (1nahay, bEe@:rm% me%ﬁkhﬁ*]ag:\n%qen‘_oi nant
hunman oggast In . cont al ni uman TF I n

n 0]
phos 6 I(Kﬂpappd‘ P eE'Y rIﬁlyﬁ'é jof th@&ﬁ@gi?g?&'? PSPI‘?%c?I“b?tFﬁEe gggQQEW?SarF‘PWOé%br essed
si ngla d@&ﬁ\b@d aphhlkRet&firadHitk M% mmné eXpFeked angIE‘éhb.ﬂlanﬁtmern@lndcmé ed.

Figure 4 asu ffini Fv(TF)3el0 for sTF.
The. STRTI:eRaLS B (AR ER S Pha ST alelnspmsblidt PRACK 884  bed under
Exanuh&ﬂquAﬁ@rzaamMagﬂ'&uw)da% indiddiddvl | a. The concentration of sTF used was

below the Kr) for binding to FVIla. Bacterially expressed scFv(TF)3el0 was
added at increasing concentrations and the increased rate of reaction was

used Figure 2t wmmf@bmmﬂs@w@ﬁfﬂﬁm@éﬁe@%@ @;;HaB 15@]@dﬂ’lnft§ﬁéf §$E0MW|’:I\I3/1? TheSt anldar d
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meas II\aid inkisie PEesBhAC ridcat(sKA¢AEIBO0 AMDER bl expressed scFv(TF)3e10. The sTF
was titrated into the assay and the rate of cleavage of the chromogenic peptide substrate
52266 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
thrombaoplastin (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/FVlia
peptide hydrolysis assay was performed as described under Example 4 using 3 nM sTF and 2
nM FVlla. The concentration of sTF used was below the Ky for binding to FVIla. Bacterially
expressed scFv(TF)3e10 was added at increasing concentrations and the increased rate of
reaction was used to determine the Ky apparent of this antibody for sTF using a standard 4-
parameter fit. The affinity of scFv(TF)3e10 for the sTF / FVlla complex (Kpgpg = 65 nM} is
greater than the affinity of scFv(TF)3e10 for sTF measured using BlAcore (Ko = 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
was performed as described under Exanple 4 using scFv(TF)3el0 expressed in

CHO cel | j ssay shows that scFv(TF)3el0 has a - 20p{ghfog{:8at er
af fini tys‘yg;&}b%ﬁ% sTF/ FVI1a conplex ("Conplex") than for sTF ("Free TF").

Figure 6. scFv(TF)3el0 dose dependetidy inhibits FX activation. The FX
activation assay was perfornmed as descri bed under Exanple 4 using

i ncreasi ng concentrations of bacterially expressed scFv(TF)3el0, 250 nM FX,
and the FVI I a/ TF conpl ex on a phospholipid surface (10 pMFVila). The IGCso
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lines would intercept on the y-axis). Figure 8. scFv(TF)3elO is efficacious

in an in vivo nodel of dissem nated intravascular coagulation ("D C'). The
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produced during a 5 min interval) indicates that scFv(TF)3e10 is a noncompetitive inhibitor with
respect to the substrate, FX. All lines intercept on {or near) the x-axis as anticipated for a

noncompetitive inhibitor (for a competitive inhibitor alt 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 regpiratory 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 Mla/tissue factor ("FVIla/ TF") conplex than to tissue factor ("TF")

al one. TRgg @g#dsj‘)ﬁdy of the invention binds with at | eastpcgndsed3sar eat er
affinity, prererably at least 5-fold greater affinity, and nore preferably

at least 10-fold greater affinity, tlo the FVIla/ TF conplex than to TF
al one. The anti body of the invention also does not conpete for binding to

TF with one or nore coagqulation factors s romthe group consisting
of factor it (~Pvi 1 BRTALEE bESesBHal FTHERYERROST (- B)” Proferably,

t he anti body of the i nvention does not conpete for binding to TF with FVII
and with . Defin I n descri t he res nve , the
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Pr ot ei ns, or. po, ti ex t tion
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occur m L p upal 1y
ocour 1D b B BEPeL S o ERD FrrdRblRe ol o Mg HEE BE R L
DNA sc@qtpeteo’er kindiodhta BF wittaR¥l endwith FXt o TRNA and translated into a

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

regul atory sequences. The boundaries of the coding sequence are determ ned
by a Befmitionscodon at the 5° N-termnus and a translation stop codon at the
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from eukaryotl ces from eukary
synt heti c DNA sequences A transcription term nation sequence wl| usual |y
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"Nucleoti de sequenc ero es "(bases
adeniraeombinant DNA techniques, i.e., produced from cells, microbial or mammalian, transformed

by an 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 §' 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 will 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 short oligonucleotide linkers to provide a synthetic gene that is
capabl e F ' expressed i n a reconbi nant expression N
dlscu55|§%0:ﬁ199 ructure of particul ar doubl e-stranded Eﬁgﬁﬁﬁyggﬂles
sequences nmay be described herein-8ccording to the normal convention of
giving only the sequence in the 5 to 3 direction along t he nontranscri bed
strand of  ¢cDNA  "Reconbi nant expression vector" is replicabl e DNA
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| nkggﬁé{lﬁ%ao(@% %C"B?@Afﬁﬁ% 6H§Bt he genone of the cell. In prokaryotes
and yeast, for exarrpl e, the exogenous DNA may be nmi ntai ned on an epi sonal
el enent h i Wth
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exogenepsesbItNAersodipg dmeantivbdies oft thel present invieetiarhrAmeeoessionepttocat i on.  This
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cl oné€s ce a 10n 0 78 con dalining”tne exogenous
DNA Wrmrctt@rsnﬂuémaalnbgmmé bindiggreites; polsmienylalactm sigria)s, trankctiption temitigtionhen
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deri I Ves alrn su stantlallythe
same defi mldcb\grewawilrfeaﬁ'@w the aokibegiasi upon wdua@ndvéﬁmrebeatoryrajemﬁess bel ow. An

"anal og" includes a pro-polypeptide which includes withinit, the amno acid
sequence of the antibody of this invention. The active antibody of this

i nvent i on“Teansfasmed heghaslls’ refenin aefiethathaveibspmtransioried o0 ensfaeied wihpl et e t he
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PCT/ chorwsanal DNA glakmg up the genome of the cell. In prokaryotes and yeast, for example,

the exogenous DNA may be maintained on an episomal element, such as a plasmid or stably
integrated into chromosomal DNA. With respect to eukaryotic cells, a stably transformed cell is
one in which the exogenous DNA has become integrated into the chromosome replication.
This stability is demonstrated by the ability of the eukaryotic cell ines 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 bialogical 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 (SEQ ID NO 1) is
expressed as a 282 amno acid pro-polypeptide which is then processed in
vivo to rel ease the 264 am no acid active nature polypeptide. A "fragnent”

is a port\%gray&g:mtzhe anti body of the invention that retaipggnspbssanti ally
simlar unctional activity, as shown in the in vitro assays di scl osed

herein as described further below. 9K "derivative" includes all
nodi fications to the antibodies of this invention that substantially

preserve the functiops discl d_herein and_i e additional structure and
D ¢ o AR 14 tgromBingt sopyp i B goRnent B el RREN T Sserecied s & 2ohal {1 i e
and kiniid aud progadlypaptideberithas thedrotessdd helofairddase tHeedamamido deid ekl ve al so
i ncl udet\s N or i -l inked glycosylated antibodies that can be generated by

i nser4Wg PRYPERIYE, gl ycosyl ation sites into the antibody sequences by
standard reconbi nant DNA technol ogy. "Substantially simlar functional

activity" ,and "substantial l.y the. s bi ol 0gi ¢ ti r I vity" each
means thafb‘ ﬂ%%mcali{gpeaepo Oﬂquqeo@%lggﬁ?y@é% W'e IOF%F#QEW%t%%Qy%%ﬁ%O% to

100%farctiomad adiviy, astshvwhindhe gi Wiad assays distlgseddwereisas desedbdy/ further betdw pepti de to
which it is being conpared when the biological activity of each pol ypeptide

is determ ned by the sane procedure or assay. For exanple, an anti body that
has subst &ftérivative"snalideaal! frodificationato the ehtihadiestob thishioveniioh Baly of Exanple 1
(SEQ ' t : L : j hydrol ysi s
and IEQE% t%c%taﬂ%%%lé%ﬁgglg ngﬁléstm esgél?éf?gzﬁfeﬁn Eihaﬁr}glﬁ%é%ﬂ'@ﬁhﬂoﬁg‘{aﬁg %@et he ability

t o biatteindapt tunctione 6.0, 15 GKatedhantibpdjes whith-havengreatrr haliQifer andiatipyiatedt ween t wo
pol y |ELRS 5 d ! cg&s%'- 1. AG. nd its
cons%?el \%d ah?én%esg@%%f@h stiet%lt' eAs?_ 0 g%'%%ﬁ?g%%t}? _e@t %"‘FE?ﬂ}é_‘ﬁﬂfﬁ%‘@e of a
secotippsiepiagican e gsnemnted i dnsedtingiN, or SuByrosylatiangitss intethagetitasyse descri bed

abov el ibntbeny Akhditd AlcoRbMaft DNSEEHAA6S. and Structure 5 by Dayhoff (1978)
and by Argos (1989) EMBO J. 8:779-785." For exanple, am no acids bel ongi ng

to one of the follow ng groups represent conservative changes: -Ala, Pro,

Ay, 4n, "AaRtanffly simhidr functidAbPact ",anaﬂubst-ﬁhﬂéllg‘tﬁ@éamé bilogieBYundBl . Al a,
Phe; -Lys, Arg, H's; WO 03/093422 PCT/US03/13521
or activity” each means that the degree of biological acfivity that is within about 30% to 100% or

more of that biological activity 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
FVila/TF complex.

“Similarity” between two polypeptides is determined by comparing the amino acid
sequence and its conserved amino acid substituies 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 i1 munogl obulin ('"1g") nolecules, as well as fragnents thereof, such
as Fab, F(ab')2, and Fv, which are capable of binding an epitope of the

sel ect ed%@{)g@gugr otein, for exanple, soluble TF ("STF" perd¥eGsdh! y, at

| east 6 or contiguous amino acids are required to form an

epi t ope. However, ep| t opes whi ch i Vi ve non- contiguous am no aci ds nay
required nore, e.g. at . least 15, 25, or 50 anmino acids. Al other technical
terns used herein _have the same meaning as is comonly used by those

ski | IR T d e Hisi @4 0 whi ch the present invention bel ongs. Antibodies of the
| nvenkdpiand their Generation: The anticoagul ant antibodies of this
invention bind with greater affinity to the factor Vila/tissue factor
("FVila/TF") conplex than to tissue factor (' TF") alone. Ina preferred
enbodi rrenﬁnt.bdw asnh&ﬁnﬁreig irfdud}e?_ﬁltédﬂm’ﬁurﬁd@;ﬂbﬁbiirﬂ(ﬂlgw;rml:dﬂeailed eawbn as f ol :‘j N
greaera Lnity to t X than to al one, preferably
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anot hertqﬁpefe ﬁ this nventlonv, ‘IE |b%w Oi al so do not
comp&PE ‘fshafB'H8a°' PaFPo’Pgu‘E%’aFaucrrﬂ‘tﬁ‘" SPUORE.  HpaeVer, eRlond WY & Woup
consicsttigngusdmihaatids snayiréquiredidré, e.g. lakiebStRISX23,,or 5amchiné 4¢ideX") for binding to
TF. In a nore preferred enbodi nent, the antibodies of the invention do not
conpete with FVI1 and with FX for binding to TF. In the nost preferred
enbodi menfll otheetechwital heyohs @sed hereindrave thersamemmdrnivg; asi is bogmealyesedbyf i nity to

e o AL AT BBl gy 1%, o Lo, 0o o T

speC|f|caIIy to a selected target protein (e.g., the FVIial/ TF conplex or

™ gﬁm‘ﬁ\éh&'ﬁ% of‘th%%@&ﬁtiogj:alﬂﬁngﬁ Gﬁiw‘terit?o%st > 10' or 20- fold higher than a

det e ot ei ns vvhen used in an i munochem cal
assay. Pibé¢ emtbhgylard rntiinotises tftlmIaVerhiommndpdblgfeaberldﬁ}mwmo thedadal ect ed t arget
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more preferably with at least 10-fold greater affinity, as measured in a microcalorimtery assay.

In another preferred embodiment of this invention, the antibodies also do not compete with one

or more coagulation factors selecied 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 FVlla/TF complex than to TF alone

and do not compete for binding to TF with FVII and with FX.

Generally speaking, an antibody that binds specifically to a selected target protein (e.g.,
the FVlIa/TF compiex 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 specificaliy 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 species, various adjuvants can be wused to increase the immunol ogical

response, Such. adj uvants include, but are not limted tpeyryysAund S

adjuvant, mneral gels (e.g., alum num hydroxide), and surface active

substances (e.g., lysolecithin, p‘I1Jr'oni c polyols, polyanions, peptides, oil

enul si ons, keyhole |inpet henocyanin, and dinitrophenol). Anong adjuvants

used i n humgns, BCG (bacillj Cal nette- erin) and. Cor nybacterjum parvum are
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fsel eal?]cﬁkbyhagg&bemm?’ymmageg@dmg@ahfHostgp‘e‘m, adriout edjluudarlﬂzluear}/\usé ch provides
or the .production of antij nmol egul.es.. continuouys cell. .lines in
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t echRAregoé's atijneant hoimaral ki< 6. 4., dydpnuchdyerdxizie) and| sarfacaradtiveibERBNedsy br i doma

techpi que_ (Kahl er, at. al 1985) . Nat ur.e 256;495-497: Kozpor ,at al. (1985) J.

| T TRt a<PufPhis Poiysl: Bolyabiont: Hgbifies, BBaRCIBaps) kovigle PRPetl o ol - Lo

80: 2b&te@aRin, arandiniftoghenal). Amotd Sddyaniised @ehumadispBCGAbadil)-Ceiipite- 1 N addi ti on,

techpi T or ' "chinmeric antibodies,” the

spli (%:U%}%%Pg%ﬁ'@@ggﬁwﬁg‘?‘f&n@eﬁ%ggq%?amgsgﬁh'anti body genes to obtain a

nol ecule with appropriate antigen specificity and biol ogical activity, can

be used ' Ly: : 6855;
Nouber g, MBRAcHAlabodibs fhaPtitd sadsa (3 sotec MtgetHbiep'dan lpratiney 5055
314: ugng amatechnigisosienpipvidesifoothegroduationyef @inlody imalecties lysontnusantelled” to

rev : ' k bl ] ; j i body when
P o1 s 1R cifttq, Hesk TR b, Bt SBFREAi( A8 106 fy@BARLcndBp aAE | DOy Ve
sequbwiaan Beeh hyiui_domﬁttmboimuesanddhe EBmebréﬂomarte@micwedKofMﬁwtmé&1&&5_ al teration
of apnbewe W4§5@$9?E’k8€oor 8}1@%@ J?gﬁﬁ@'iecﬁlrhﬁéﬁods%ﬁl‘ésﬁ@ ) &y, (64 bodi es and

human sequences can be mni pl'aci ng residues which differ from
t hos ErdcnNeth Achdin¥ah (e BRARRSs2050; and ot et alct18er) el ag@lh@ial 82:699-12(i vi dual
residues or by grafting of entire conplenentarity determ ning regions.

Al'ternatively, humani zed antibodies can be produced using recombi nant
net hods, Badgdberiegwinues deysiorsd dadse produstiop sicaignarip aptipadies. dheci fically to a

sel egpiRMglonfrdBie AitBLEY ferfe o AARLREMILBAY HERA tObEIh MmEIeE@S witivhi ch are ei t her
parti al l mani zed, disclosed in U S. Patent 5,565, 6 332. -

.or fully hu ed, as 5C d ,

Al t cRPRIDHAR 3ntigeR SReRTAIIL N plbloACBast Y, carvhe ysed ilerpamelt: A98RIPE% hai n
ant i vadli Aadced (1SA 8 adePl-e8hs: Neiisbrga tdh a0 o1 OB MOVdLAerB 121884 B0B; T4keB4 @£aICe singl e
chai P1 Q%g)t }Ve?tggl 361%:4(5"2—84%53{"ralorgor?:%%albalmg%ther antibodies also can be "humanized” to

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 siie 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
adaptied 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
conposition, can be generated by chain shuffling fromrandom conbi natori al

I g Iibr&rq@%gg Syrton (1991) Proc. Natl. Acad. Sol. USAp88ideshdf: 11123).

Single c Nt bodi es al so can be construct ed using a DNA anplification
met hod, such as PCR, using hybrlddﬁa cDNA as a tenplate (Thirion et at
(1996) Eur J. Cancer Prev. 5:507- 511). Single chain antibodi es can be
nono- bi specific, End can b bi val ent. or tetraval ent. CQnstruction of
t et r'&l?&‘lpé’rﬁompﬂf"g?féeﬁ'? QEWQ‘PE ¥ KRR sByfHing Bamaanqan eamgR#tenaldd exanple, in
Col onfRariezMEuMdI (189D Prod Ffl) Addrt Sci. BeaBeahnz-11123).159- 163. Construction of
bi val ent, bispecific single chain antibodies is taught in Mllendar and

Voss (1994) J. Biol. Chem 269:199-216. A nucl eotide sequence encoding a
si ngl e chgihgle andih BAghodRamisaean @B hdtGLRE LBy lagJNArampmca@dSn ethodesue

I th d .int t dar d
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specific binding reagents as disclosed in the Ilterature (Olandi at at
o8 o R Bkl seadifBdencity ﬁ@g@ﬁnﬁ@é@é@f@ oY Hihrudiby ling ( 1991) Tature
349: 293 5’ €nco r{lga{ T ' e |r?veru |on‘rﬁa1y be cl oned
[ Duad or avtometed mucleotidersynibgsiarnjonet! o7io agexpressamiaoeskunb using statdiewde ski | | ed
:2'? }] o r %@Iégrf?o 'Q’Fﬂft ch h&jecula?é:)mﬁg:
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i ncoAlirnatively, siygie eltfain emttbgyhes can bengroda@ei dxmgtlyelsmefoanmrbpjdyf largerdousonoc! onal
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t hat (18@3).kdnounefalethel§&batled by nmet hods known to one of skill in the art.
Thus, for exanple, Chaudhary, V.K at at. (1989) Nature 339(6223): 394-397;

Batra, J.K et at (1990) J. Biol. Chem 265(25):15198-15202; Batra, J.K et
al . (1989%ntibpdies thehbind spedifigallydeia selected target protein can also be produced by

inducing in vivo production in the lymphocyte population or by screening Ig libraries or panels of
highly specific binding reagents as disclosed in the literature (Orlandi ef al. {1989) Proc. Natl.
Acad. Sci. USA 86:3833-3837; Winter ef 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
{1988), 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 methads 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 a/. (1990) Proc. Natl. Acad. Sci.
USA 87(3):1066 WO 03/093422 PCT/US03/13521 -13 1070, all incorporated by
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inventio Sihgle chain antibodies, which are prepared using a phage
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made up fromtwo vari abl e regi on donai ns: one fromthe heavy chain and the
other fromthe light chain. In the first step of constructing a phage
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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 mitk can be used to reduce non-specific binding to the
plastic. The popufation 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 £. 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.



chain antibody inserts of ELISA-positive transformants are sequenced. Based
on DNA sequencing, six unique single chain antibodies, scFv(TF)2c1,
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I nvention: There are several ways to express the reconbi nant anti bodi es of
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at t erns are

gl ycosyl ation tion, proteins wth

of t eRORr (CIRA StMRGKCelldines- oA Beferad rﬁam@@ian celjyinas i ﬁé*LpT owaw@t*i-c‘l iBystem the
expr g&BfgRINYeRIiflinkRid&d b8 eulRrEitRRblebtbntifiker. CHL-1 cells are derived from

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 Spodopltera frugiperda and Bombyx mori.

The prokaryotic system, E. cofi, is not able to do post-translationa! 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 {PH03 or PHOS5) gene, isocytochrome gens, 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, R.A. et al. (1980) J. Biol. Chem. 255(24):12073-12080; Hess, B. et al. (1968) J.
Adv. Enzyme Reg. 7:149-167; and Hoiland, M.J. and Holland, J.P. {(1978) Biochemistry
17(23):4900-4907).

Commercially available yeast vectors include pYES2, pPICS (Invitrogen, San Diego,
CA), Yepc-pADH2a, pYcDE-1 (Washington Research, Seattle, WA), pBC102-K22 (ATCC #
67255), and YpGX265GAL4 (ATCC # 67233). Mammalian cell lines inciuding but not limited to



(H tzeman, R A et al, (1980) J. Biol. Chem 255(24):12073-12080; Hess, B.
et al. (1968) J. Adv. Enzyne Reg. 7:149-167; and Holland, MJ. and Hol |l and,
J.P. (1978) Biochem stry 17(23):4900-4907). Commercially avail abl e yeast
vectors | Cdsﬁgﬁz‘PYESZ’ pPI C9 (Invitrogen, San D ego, GYpulterss2pADH2a,
pYcDE- 1 m I ngton Research, Seattle, WA), pBCl02-K22 (ATCC # 67255), and
YpGX265GAL4 ( ATCC # 67233). I\/ammI y §n cell lines including but not limted
to WD 03/093422 PCT/ USOS/ 13521 -16 COs-7, L cells, Cl127, 3T3, Chinese
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The plasmid construct based on pCANTABS (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 plasmid 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 1o generate a DNA fragment spanning the pro-scFv(TF)3e10 amino acid
sequence, including the N-terminal sighal 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



aci d sequence of the scFV(TF)3el0 anti body corresponds to SEQ ID NO 1
(Exanple 1), and the DNA sequence encodi ng scFv(TF)3el0 corresponds to SEQ
| D NO 2. The pl asm'd construct based on pTHR525 (see U.S. Patent No.
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column at 2 mi/min. The column was washed with 0.2 M phosphate buffer 0.05% NaNj, pH 7.0,

and then collected into tubes containing 0.1 volume 1M Tris buffer, pH 8.2 to neutralize the

elution buffer. Alterately, 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 Vlla assay (sTF/FVila peptide hydrolysis assay), a FX
activation assay, and the PT assay described under Exampie 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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inhibits FX activation. In the FX acti vati on assay, TF- antibodies that
inhibit FXa activity are expected to inhibit the hydrolysis_of the

chr ompgenlfcbinding seiaantibediss that iphigi F¥ astivatiomaret selactadiisingi theyPE agsai n ant i body
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inhibit FX actlvat[on F[gure 3 shows that the single chain antlbody 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 Vu/V 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 [D NO:2,



using the FX activation assay. In this assay, TF-antibodies that are
non-conpetitive with FX are expected to inhibit FX activation independently
fromthe concentration of FX used. Figure 7 shows that the single chain
anti bodyw%tcd:)ﬁngQ 3el0 inhibited FXa activity in a FX copeppéiaidpn-

i ndependent “manner. In a preferred embodi ment of the present invention, a
singl e chain antibody (scFv(TF) 3e-1'® was identified which has a single VHNL
binding site for TF. The am no acid sequence of scFv(TF)3el0, is shown in
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These S Include amno
the wild-type sequence of a protein without altering the biological activity, whereas an

“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, fryptophan, 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
polypeplide 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



arginine, histidine), acidic side chains (e.g., aspartic acid, glutamc
acid), uncharged polar side chains (e.g., glycine, asparagi ne, glutam ne,
serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g.,
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O-linked glycosylation of the antibodies may occur in vivo.

Variants of the antibodies of this invention include polypeptides having an amino acid
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 acld 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 simiiar to the amino
acid sequence of the preferred antibodies of this invention. Variants include variants of
aniibodies encoded by a polynucleotide that hybridizes to a polynuclectide 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 polynuclectides 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



Variants of the antibodies of this invention include polypeptides having an
am no acid sequence sufficiently simlar to the amno acid sequence of the
original antibodies. The term "sufficiently simlar' neans a first am no
acid seq Jbat contains a sufficient or mnimum nupBgs@fisddentical or
equi val ent” amno acid residues relative to a second am no acid sequence

such that the first and second ani-#d-aci d sequences have a comon struct ural
dormai n and/or comon functional activity. For exanple, am no acid sequences
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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 Vi 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 fevel and is encoded by a variegated gene library. A variegated
[fbrary of variants can be produced by, for example, enzymatically ligating a mixture of synthetic
oligonuclectides 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



or deletion of am no acid residues by nutagenesis. For exanple, mutagenesis
may be performed according to reconbi nant DNA techni ques well known in the
art to insert or delete amno acids in the N-termnal or C-term nal
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enhances the frequency of functional mutants in the libraries, can be used in combination with

the screening assays to identify the desired variants.

Example 1 depicts the amino acid sequence of one TF-binding single chain antibody,
scFv(TF)3e10 (SEQ ID NO:1), and delineates the V-V linker and the V and V, domains.
Variants that have TF- or FVlla/TF complex-binding activity or inhibit FX activation can be
identified by screening combinatorial libraries of mutants, for example insertion, fruncation or
point mutants, of the antibodies of this invention using the sTF/FVlia 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 0%



conpl ex-bi nding activity or FX activation inhibitory activity. The nost
w dely used techni ques, which are anenable to high throughput analysis for
screening large gene libraries typically include cloning the gene |ibrary

into rep q:@_@l 8 XPr ession vectors, transform ng approppipy§snseh! s with the
resul ting rary of vectors and expressing the conbi natorial genes under

conditions in which detection of a%esired activity facilitates isolation of
t he vector encodi ng the gene whose product was detected. Recursive ensenble
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escription t he present 1 nven maceut | cal Conpositions:
the above descnbed antibodies preferabiy will be combined with an acceptable sterile

pharmaceutical carrier, such as five percent dexirose, lactated Ringer’s solution, normal saline,
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 pharmaceutical
compositions may be administered in amounts effective to inhibit the pathological
consequences associated with excess thrombin generation in the subject.

Adminisiration 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 blocd taken from patient. The



The invention al so provides pharnmaceutical conpositions which can be
admnistered to a patient to achieve a therapeutic effect. Pharnaceuti cal
conpositions of this invention can be prepared for adm nistration by
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pharmaceuti ca i ons can a varrety of unit dosage
f or nfechtéqyeadi ng upon the nethod of adm n| st ratl on. For exanple, unit dosage
forms can be adm nistered in the formincluding but not limted to tablets,

capsul es, powder, solutions, and emnul sions. _ ) )
A typical pharmaceutical composition for intravenous 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 administrabie compositions will be known or apparent o 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.



The reconbi nant anti bodi es and pharmaceuti cal conpositions of this invention
are particularly useful for intravenous adm nistration. The conpositions
for administration will comonly conprise a solution of the single chain
anti body (3 s5954ed in a pharmaceutically acceptable capgfpgospiaef erably in
an aqueous carr| er. Avariety of aqueous carriers can be used, e.g.

buffered saline and the |Iike. Thes: 5s‘ol utions are sterile and general ly free
of undesirable natter. The conpositi ons nay be sterilized by conventi onal ,
wel | known sterilijzation chnivgues i cal_ phar, rraceut@ conposition
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per day, and most preferab|y from about 100 mg to about 500 mg per day.

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 freated 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 polynuclectide (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



and tinme of adm nistration; the rate of excretion; the drug conbination; the
severity of the particular disease-states; and the host undergoi ng therapy.
General ly, a daily therapeutically effective anount is from about 0.14 ng

t o about kg of body weight per day of an antib Q)fs/l]’!sli? i nvention,
or a phar ceu ically acceptabl e conposition thereof; preferably, from about
0.7 ng to about 10 ng/ kg of body "%8i ght per day; and nost preferably, from
about 1.4 ng to about 7.2 ng/kg of body wei ght per day. For exanple, for
admnistration to a 70 kg person, the dosage _range woul d be from about 10
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phar e erigbhtGRleniioraccept abl e conposi tion thereof, preferably from about 50 ngy
to about 700 ng per day, and nost preferably from about 100 ng to about 500
ng per day. Cell and Gene Therapy: An anti body of the invention nay be
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4) DNA Virus-mediated DNA transfer. Such DNA viruses include adenoviruses
{preferably Ad2 or AdS based vectors), herpes viruses (preferably herpes simplex
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.q., Ali et al. (1994) Gene Therapy
1:367-384; U.S. Patent 4, 797,368, incorporated herein by reference, and U.S.
Patent 5,139,841, 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 celis. 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 ef al. (1996)
Science 272:263-267.



Several nethods for transferring potentially therapeutic genes to defined
cell populations are known. See, e.g., Milligan (1993) Science 260: 926-931.
These net hods include: 1) Direct gene transfer. Se, e.g., WIff etal. (1990)

Sci ence 1468; 2) Liposone-nedi ated DNA transfg ﬁ g., Caplen
et al. (%@g%’&@?ure VEd.” 3:39- 46; Orystal (1995) Nat ur SR e 2 2 o

and Huang (1991) Bi ochem Biophys. 2Res Comm 179: 280- 285; 3)
Retrovirus-nedi ated DNA transfer. See, e.g., Kay et at (1993) Science
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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 suitabte 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 technigues.



Adenovi ruses have the advantage that they have a broad host range, can

I nfect quiescent or termnally differentiated cells, such as neurons or
hepatocytes and appear essentially non-oncogenic. See, e.g., Ali et al.
(1994), %% 367. Adenoviruses do not appear to iptEgEéahssinto the
host genone. Because they exist extrachronosomally, the risk of insertional
nut agenesis is greatly reduced. AlH283t  at (1994), supra, p. 373.

Adeno- associ ated viruses exhibit simlar advantages as adenoviral - based
vectors. _However, AAVs exhibit site-specific integration on human
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human growth hormone promoter.

The refroviral 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 1o, the PES01, PA317, w-2, y-AM, PA12, T18-14X; VT-19-17-H2, wCRE, wCRIP, 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 CaPQ, 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 celis,



pronoter will be apparent to those skilled in the art fromthe teachings
contai ned herein. The nucleic acid sequence encodi ng the anti body of the
present invention is under the control of a suitable pronoter. Suitable

pr onot er %mmg 5By be enployed include, but are not |ppifed 84 adenoviral
pronoters, such as the adenoviral mgjor |ate pronoter; or hetero?ogous

pronoters, such as the cytonegal ovi4ds (CW) pronoter; the respiratory
syncytial virus (RSV) pronoter; inducible pronoters, such as the MVl
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enbryonic carcinoma cells, as well as hematopoietic stemcells, hepatocytes,
fibr asts, nyoblasts, keratinocytes, endothelial cells, and bronchi al
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S for derivatizing with a second molecule. In a more preferred embodiment the kits comprise

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 ather DNA
sequences into the plasmid to produce various antibodies. The piasmids 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 NO4.



normal conpl enent of genes necessary for activation. Transkaryotic therapy
I nvol ves introducing a pronoter or other exogenous regul atory sequence
capabl e of activating the nascent genes, into the chronpbsomal DNA of the

patientsy &@I&@n;x vivo, culturing and selecting for apé&iwsusinisa
protein-producing cells, and then reintroducing the activated cells |nto t he

patient with the intent that they3Phen becone fully established. The "gene
activated" cells then manufacture the protein of interest for sone

signpficant, of time, perhaps for as long as the life of the patient.
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| D NQiefdf SEQ I D NO 4. WO 03/ 093422 PCT/ US03/13521 -30- Therapeutic
I ndi cati1ons: Diseases in which thronbus formati on play a significant
etiological role include nyocardial infarction, dissem nated intravascul ar
coagggﬁtgon deep vein thronbosis, pulnonary enbolism ischaem c stroke,

septTC snock, acute respiratory dlstress syndrone, unstabl e angina
A number of laboratory assays for measuring the in vitro antlcoagulant activity of an

antibody 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. ef al. (1982). J.
Biol. Chem. 257(14):7944-7947), accelerated inhibition of thrombin by antithrombin lil and
heparin cofactor i (Esmon, N.L. et al. (1983) J. Biol. Chem. 258(20):12238-12242), inhibition of
thrombin activation of factor XIIl (Polgar, J. et al. (1987) Thromb. Haemost. 58(1):140),



and other arterial and venous occlusive conditions. The anti bodies of this
i nvention are useful in all of these, as well as in other diseases in which
thronbus formation is pathol ogical. her pathological conditions where the

ant i bodyw%f03;055j4§2 invention may be useful include cancerpMfidys 52p9ul opat hy
and inflanmmation. The antibodies may also find use in skin and vein grafts

and organ transplants. By useful -B1-is nmeant that the antibodies are useful
for treatnment, either to prevent disease or to prevent its progression to a
nore severe state. The antibodies of this invention also provide a safe and
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the treatnent of, for exar‘rgl e, pulnmonary enbolismor acute myocardi al

i nf a?99fg98HoN tRsEoRnkiln 86§/ 98 SUPr)s i nvention may also find use in coating
medi cal devi ces where coagulation is an issue of concern. Assays: A nunber
of | aboratory assays for neasuring the in vitro anti coagulant activity of an

ant i body 1&¢ felRpingiassayst deserikaddn defall ynder xampled. 2 1ee94e Deashre Beridct  of ~ an

ant i peshotsR) oPhe iNTHRS HiEiflg BfFinkCLf IHeAmiBodidsQi tHelBventici® 1RSTFmIlapeplidas t he
activated parti al thronbo\)ol_astl ntine ("APTT"), thronbin clotting tine

(" Td‘P’d5°'Y§ﬁ@P§ﬁy- A+ BEIRF & AEVRteN FrEaY; SHTT pssay; ANd &) FUQaRArMEN 88580 ui sh bet ween
di fferent nechani sns of coagul ation inhibition, and involve the activation
of protein C. Pralon ion of the clotti nt%nti me_in any, one of these assays
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The present invention will now be further described by the foliowing non-limiting
examples as a guide to assist in the practice of the invention. In applying the disclosure of the
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, uniess otherwise
indicated.

The entire disclosure(s) of all applications, patents and publications, cited above are
hereby incorporated by reference.
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(1986) J. din. Inv. 78(1):13-17), and inhibition of thronbin nediated
pl atel et activation and aggregation (Esnon, N L. et al. (1983), supra). The
foll ow ng assays, described in detail under Exanple 4, are used to neasure
the in de%gﬂ%ency or the in vitro binding affinity g T/bﬂﬂ/l?ﬂ‘i' bodi es of
the invention STF/ FVI1a peptide_ hydrolysis assay; factor
activation assay; 3) PT assay; ang3 T mcrocalorinetry assay I n carryi ng
out the procedures of the present invention it is of course to be understood
that reference to particular buffers, media, reagents, cells, culture
conditions and the like are noFxf\WFlsﬁaed to be limting, but are to be read
so as to incl udesﬁ{dm CARMLAA-TRARIE Gy T onBftlctstPvaiF)zeaodi nary skill in the
art would recognize as being of interest or value in the particular context
in which that discussion is presented. For exanple, it is often possible to
substHiiBute anecbu¥fer vsystem ar.Lcwl t oreamedi om ¥ orF aRothem and @till
achieve sjmJd a Lt ho ent i Iruts ose skilL i gart wll
have@sgqff%mden k%ovﬁleg;gegogh sggh s;e/PZtgms a-r?(; rir'et%o&dol ggl(lés SO as to be
abl € Witholt dOndbe exferMnent #tiBn Rt 8 nbké sGehfsdbsti thit iYon¥ a3 will
gptismlxl ésﬁ&i Ve tda$id gourposey i 8 usi o) ¢hac met hpdsﬁ} anpd pr @gedurﬁeg i by th
i scl ose rese nvent.i o ngw he furt ed by the
foll V\/l%ng n tlrgﬁ i ; :'rl{)léT g gu:’\% oBasg (7 kfhg |ce of the
i nveht Vonk IEh axpp'ryllitht h& di s&l o@un‘"’e of Thé? éxa@rpIGé ITt Ishoiul d Ué kept
cleagly ig mng thatg otghey andydi £f gf ept priypdipnept 5 of, the yreghogls
di scl osed according to the present |nvent| on wll no doubt suggest
t herfseves t%0 hose Df Skl |RI § Fh&réleVarft &tY ! VheR f&egoi%g and in
the ¢ olrl om ng exagplms'r alrl +t enperatmures mraz set ford ha umcarrectred in
degrge Y a ant s ca reenfages car i nl
ot hervm%sg8 i nd| ca edT #hegen i re gl %ﬁl gsﬂ{rqe%g) ofs \gﬁp |E:Eat ;donlg patents
and publ i Eat¥ ofs, 2cifed aBove &reN Her &byVi choGpoﬁGatC'edTbyKréfeFen‘ée WO
03/ 0934225 PGI/ WSOG/ 13521 v- 32 EBEXAMPLE b Sindd epChai iy ARt i tJddz)Ant i body
Construct scFv(TF)3el0 (-18) MLGVLVLGALALAGLVFPEMAQ V
NLRESGGTLVQPGGSLRLSCAAS

The single chain anti-TF antibody scFv(TF}3e10 (SEQ ID NO:1) consists of a signal

pepiide (-18 to -1}, Vi domain (1 to 126), V-V linker (127 to 131), V|_domain (132 to 248), 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 ¢ VvV L. V L ¢ A L A L A G L V F P E M A Q
vV N L R E § 6 6T L V Q P G & S L R L &8 T A LA S
¢ ¥ $S F T D A WMS WV R QD-AzDP G K E L E W V S
§ 1 8 ¢ 8 G G 8 T Y Y A G 8V K GRF T I S8 R D
N 8 X N T L ¥ L Q M N 8 Ih R A E DT AV Y ¥ C A
R v L 8L T D Y Y W Y G MDDV WG QG TUL V TV
S A G 6 G G § N F ML T Q P H S V S A S5 P G KT
v T I 8 ¢ T R 5 8 G & V A S Y Y V. Q W ¥Y Q Q R P
¢ 5 8 P T T V I ¥ E D N KU RU©P S GV P DURVF 8 G
s I » T 5 8 N 8 A 8 L T I 58 ¢ L K T EDEW&ADYX



GFSFTDAWMSWVRQAPGKELEWVS SI SGSGGSTYYAGS
VKGRFTI SRD NSKNTLYLQMNSLRAEDTAVYYCA RVL
SLTDYYWYGMDVWGQGTLVTV SAGGGGSGAPNFMLTQP
HSVS KTVTI SCTRSSGSVASYYYV RPGSS
P11y MOEER R S VP DR ESast b1 s s iR R PSS
TEDE ADYYCQSYDSNNI‘_33/'VFGGGTKLTV LGAAAGAPYV
PYPDPLEPRAA(264) The single chain anti-TF antibody scFv(TF) 3el0

(SEQ I D NO 1) consists_of aS|?naI eptide (-18 to_-1), VH donmain (lto
L"d

126)°, YHLFifke? G2f tB 31 ottai (GISE % 246). Gnd §-thg sequence
(24 ta 264 TPhevsdaFviTR 3&0PDNA seqBerce A SEQ (A23M0O 2) encodes the am no
acid sequence of SEQID NOI. EXAMPLE 2 Single Chain Anti-TF Anti body

Const r uct scFv(TF)3e10A( 18) MLGVLVLGALALAGLVFPEMAQ V
N L R E 3besingle ghaip aptiT F@r@b@m_scﬁVGI Fi3etOA(SEGID BO3)gopsists pf asignah S WV R Q A
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S SR el B O S Ve B R BB S, Y T O
PCT/se9a3ice 320 ID NO34) encdgs $eyaninaditi seduencasliSEQ BNDB.K L TV L GA A A G A
PVPYPDPLEPRAA (243)

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 Examp]e 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 ug/ml
hygromycin to select a population. The resulting population was then subjected to 100 nM
methotrexate selection. During this selection, cells that have ampilified 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/FVlia Peptide Hydrolysis Assay



The single chain anti-TF anti body scFv(TF)3el0A (SEQ I D NGO 3) consists of a
signal peptide (-18 to -1), VH domain (I to 126), VH VL linker (127 to
131), and V,. domain (132 to 243). scFv(TF)3elOA differs from scFv(TF)3el0
by del et 8$34?2harri no acids (GAP) at the N-termnus of¢c ,@@smszporral n and
by deletion o e Cterm nal e-tag sequence. The scFv(TF)3el QA DNA

sequence (SEQ I D NO 4) encodes the3nino acid sequence of SEQ I D NO 3.
EXAMPLE 3 Expression of the Anti-TF Antibodies in Bacterial and Manmal i an
Cells Six different single chain antibodies, scFv(TF)2cl, scFv(TF) 2c11,
scFv( TF) 258 princlple-o( fhp)aéﬁ@f Is depigiegppiow1 hg Yépeptids p-m swbde e bprtkeft i f i ed

f FOﬁhJ &b@trﬂdllﬁﬁydﬁﬁ]%% byQNﬂTFIWlIH&b‘hW I Pheéibeféd chr@ﬂi@pﬁtfré ﬂ:ldtnM gurified
usin g aff%(g rte{o col u as descri bed above. qgre af i ni tl es of the

Si X "ﬁ 'f % {6 BRPIfas Mg andripe gancentration, pf BEPdtlgtlfﬂﬁ" PEYPEIMENY then these
ant icadiaRa uwp:g@ mbtgr aahardnmldfruanttdmm i e | Espﬁméﬂe)bwdiiétérbgleﬂ, | FX4 ]
act|v PIL,. a m.cr pcal or er anple 4, the
r es V't 'g'nggh?/\iﬂﬂ-@'f{a%%mag?c Pyage ﬁﬂ%ﬁ'o'ﬁxinﬁ@g@ﬁ {H@ﬁg(ﬁ:@( TF) 3e10 anti body

(SEQ ID NO 1) was al so expressed in CHO cells. The expression plasmd
cont ai ned the DNA sequence encodi ng scFV(TF)3el0 (SEQ ID NO 2) and both the
hy grtbRypE-heBAEHENAHFR s'éﬂ%‘é@'r'-@ﬁ Aark®NA O iginal selection was done in 400

g/ m z?ée@éiéw%fg to sel opuI g%brgn}opﬂg}g resul ti ng popul ati on was then

subj €C nM et (? exate During this selection, cells
that have anplified copies of the region of DNA containing the sel ection

mar Pﬁ}. soene, are sel ected from anongst the population. The
explri:‘gééa ?@gg %\gléel were increased fromapproximtely 0.3 ng/L to about 6 ng/L
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tri pegrarel20 pMrsolution in assaebuffer décrioree.of the substrate is hydrol yzed by the

STF/sFVé&l ISQ g x): 05 WorRR %iﬁﬁbn-PF s&ﬁﬂgﬂﬁtas F bipfy lide, is
noni t'ore ﬁ'ﬁ gﬁ%ngn and tﬁeéconcen egtl on roduct ?F%r per unit tine is
use.
4. Chromogenic substrate S2266 (Kabi Pharmacia Hepar Inc.): Stock solution: 10 mM in H20,
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 2nM
$2266 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 m! 10x FVlla, 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.



cal cul ated using a nolar extinction coefficient of 9920 M'crn 1. 1C50
values (C) are determned by fitting the initial rates into the 4 paraneter
equation: Y = (A-D/(1+ (x/OAB )+ D H D Val-Leu-Arg-p-NA ->

H D-Val - Lelsfbflast P- NA S2266 Substrate Tripeptide Chronpphoslinsszeagent s and
sol uti ons: J;. Assay buffer: 50 nM Tris-HC, 150 nmM NaCl, 5mM Cad 2, 0.1%

BSA, pH7.5 2. Human FVIla (HCVII A-"0U60, Haematol ogi ¢ Technol ogies Inc.): 10
x working solution- prepare 20 nMsolution in assay buffer prior to use. 3.

Soluble TE .(Berlex): 10 x working solution- prepare. 30 nM sol ution in assay
but fer  pr 11t 5558 T e Ued 10 RE T Bortart e o RGBS B AR Mot KB & e

| nc. hverfibp tks Hobruthe B¥itla/Tb comuplexr, dridQo detetntinedhetherth€antbddies ofdieki ng sol uti on-
prep ol. utd | 0 ass uffer prior to use. 5. Antibody: Prepare
2.5x'%g?e’lt§?ESWEYletugr‘P"tﬁtsFé@Q"’bﬂ?@@%ﬁ ror to use. Assay Conditions: Assays are
performed in a 96-well mcrotiter plate at roomtenperature. The final

conc tiPRs.. of. t conponents are as follows: sTF 3nM Anti body vary from
T 00G2tacEpraoREk: t'°f3\r]/§5r‘3y2 NM S2266 1 nm Assay Procedure: 1. Pipette 0.1

of 2.5x ABe winciplef df ¢his esraly isoddpidted tel@a cFVNagb incuBated\dith Gecd@binaht 10x sTF and

I ncu ) o) r r ] | i 025 m 10x
FVI | g%?“n%ﬁ yaidedty b AblowHE nﬁglﬁ%#aﬁ%%r@a&&aﬂnﬁh\e}g‘gﬁ%ﬁi‘?’ang e e bt
2. 5SxcEaAedis Serbedimthe présenea (on bbdopce o diffeeant coreepiratioss iohandibadyp ikenéhe eader and

031 o8 ST BT shRchehethe SRR Blonkd 5 BROB PO B A THod Bl bl " o ent
Kp oprotsiagelFXa, whiich insapahie oidydedyzing thehp-nitnoanikide araide bond ofithe chiomegdnit | a/ TF
COMPLsiraidshobs. FRd APAtBE ciiBRbPfSre bRRBUAND hASdhikse, & mbliored at 405 nm

and the concentration of product formed per unit time is calculated using a molar extinction

coefficient of 9920 M'cm™. 1Cs values (C) are determined by fitting the initial rates into the 4-

parameter equation: Y = (A-D)/(1+ (x/CY"8 + D

Bz-lle-Glu-Gly-Arg-p-NA — Bz-lle-Glu-Gly-Arg-OH + p-NA
52222 Substrate Chromophore

Reagents and solutions:

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

2. Human FVlla (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-
pfepare 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 conpete with FVI1 for binding to TF. 2. Factor X Activation Assay
The principle of this assay is depicted below FVila is incubated with
reconbi nant hunman TF vesicles to form a protease conpl ex capabl e of

activati %6321:3%‘?2 bstrate, FX. This conplex is forned |Fﬁ@{]§0ﬁé§?ence (or

absence) rent concentrations of antibody, then rate FX is
i ntroduced and the reaction is al l'o¥d to proceed to formthe product,
active protease FXa, which is capable of hydrolyzing the p-nitroanilide
am de bon of t he chronogenic substrate 52222. The |iberated chronophore
pr odgﬁ‘ay NditieAbani lide, is monitored at 405 nm and the concentration of

prod wa*say%@l"éméifoﬁﬁéd mru 96—Wlammldr@trt@rqilatelhabeﬂ terdpérgture. "Ohefing Xt i ncti on
coefficie t ﬁg t 5’%20' val ues (C are determned by fitting the
initFB’l‘ceP E?é‘sP 8°PW8°'2P"?3%{? PWSequation: Y = (A-D)/(1+ (x/C)~B )+ D
Bz- | IFEF @sicldsl yA4Af g-480MAution Bz-11e-3J u-d y- Arg- O—l + p-NA S2222 Substrate

Chro hor e Rea nt ti,ons: 1. Assay buffer: 50 mM Tris-HC, 150 nM
5&?@ CaC1% §°TS)°§@%’3§#-# 2. Human FVila (HCVII A-0031, Haemat ol ogic

Techrﬁbfllagi es |2kpM: 4 x working solution- prepare 100 pMsolution in assay

bUff?:5( pri or té)sow 3. Reconbi nant Human TF (reconstituted in our lab from
| nnovin, Dade) king solution- prepare 1:480 dilution in assay buffer

pri 0152022 use. Gi548-ovan factor X (HCX- 0060, Haenmat ol ogi ¢ Technol ogies Inc.):
4 x working solution- prepare 1000 nM solution in assay buffer prior to use.
5. Chronogeni ¢ substrate S2222 (Kabi Pharmacia Hepar Inc.): Stock sol ution:
6 mvAspeHRocedsitedr ed at 4 C. Wor ki ng sol uti on- prepare 0.78 mM solution in

3.574 %EQ?&%&%%P&@&@BQ& g@gp&@,@) ggﬁhu 50 MM Tris-HC pH 7.5

prior to use epare tlons |n assay buffer prior to
use. 2WAGE). 0B PEWeEiSPS/ 13521 -36- Assay Conditions:

3. Add 0.015 mi 4x FVila, incubate 10 min at room temperature with mild shaking.
4. Add 0.015 ml 4x FX, incubate 5 min at room temperature with mild shaking.
5. Add 0.14 mi $2222 substrate, immediately transfer the plate info 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 fo 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 ul Thromboplastin IS (Dade) and 90 pl of 25 mM CaCl, in a cuvette. The
mixture is incubated for 1 min at 37°C, then 100 p! of citrated plasma (Helena Laboratories).
Alternatively, an appropriate volume of concentrated antibody is added to 100 wl of recombinant
humnan 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 fo
calculate the concentration (in nM) necessary for a two-fold extension of the clotting time.



Assays are perforned in a 96-well mcrotiter plate at roomtenperature. The
final concentrations of the conponents are as follows: rTF vesicles '/ of
1: 480 dilution Antibody vary from 1000 to 0.625 nM FVila 25 pM FX 250 nM
S2222 0. say Procedure: 1. Pipette 0.015 m of buf fer
control )Wt%a?ﬁ well. 2. Add 0.Q15 m 4x rTF vesi cl gé‘ffﬁ@aﬁ%&& 0.015 m
4x Wle, incubate 10 min at roomt'eétperature with mld shaking. 4. Add
0.015 m 4x FX, incubate 5 nmn at roomtenperature with mild shaki ng. 5. Add

0.14 m 2222 sub pe | ]
and measUl%? séagmsff‘gb%tﬁf%? %"aﬂ‘lﬂ?%@%gﬁ”aﬁ’ g%@@ﬁ%ﬁh%‘f‘ﬁ% ate reader

M nuexssnsicioc mgaﬁatlm‘matﬂﬂmwsmﬂ dnudiedfantiboty redudrel ¢ dodide mBlHTdel es of t he

i nvent.ion 0, activ term ne
whet REP R B Py b Sambire i eher SaPrier oot T eletue BPEER R ot ot he
FVI | atibediepofitheive®ionPr ot hronbin Ti me (PT) Assay For the standard PT
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the CM Yt 53@9 lSt écﬁ%d thRe s%r?g 3%% dggrré H %%%/ o};t)h tlbod?i( affinity for sTF alone, 10
uM sTF is added to the cell and 141 pM antibody 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)2¢1, scFv(TF)2¢11, scFv(TF)2d3, scFv(TF)2h8,
scFv(‘i‘F)3e10 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/Vila peptide
hydrolysis assay described under Example 4 was used to determine if these antibodies blocked
the formation of an active Vila/TF complex. In this assay, binding of Vlia to sTF accelerates
the rate of cleavage against the chromogenic peptide substrate $S2266 by >20-fold. Antibodies
that inhibit binding of FVlla to TF biock this acceleration. Five of the single chain antibodies,
scFv(TF)2c1, scFv(TF)2¢c11, scFv(TF)2d3, scFv{TF)2h8, and scFv(TF)3h2, inhibited $2266
hydrolysis, suggesting that they inhibit FVila 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/Vlia peptide hydrolysis assay, the scFv(TF)3e10
antibody increased the affinity of FVila for sTF, decreasing the K apparent 5-fold (Figure 2).



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
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the KemgepadcPTFIBd10lddsé Bbganaentdlinhibited FX activation with the same Kpgp at all

concentrations of the substrate FX, indicating that scFv(TF)3e10 is noncompetitive with FX and

does not bind to TF or to the FVlia/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 FVIia/TF complex. Physiologically, this
antibody has an advantage over antibodies that compete with FVIi or FVila binding fo TF. The
Kp of FVlia for soluble TF is ~10 nM (Figure 2), a value that is consistent with published values
for the binding of FVila 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-FVliai to full
length TF reconstituted in neutral phosphatidylcholine vesicies (Bach R. ef al. (1986)
Biochemistry 25:4007-4020). The affinity of FVII or FVlla binding to full length TF increases
greatly when charged phosphatidyl serine is included in the phospholipid vesicles (Bach R. et



WO 03/ 093422 PCT/ US03/ 13521 -38 scFv(TF)3el0 did not affect the rate of
hydrolysis by FVIla in the absence of sTF, indicating that this antibody
does not interact with FVIla alone. The KD of the scFv(TF)3el0 antibody for
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Physi ol ogi cal his antibody has an advantage over anti bodi es that
cor‘rp@f-e W th FVII or FVila binding to TF. The KD of FVila for soluble TF is
-10 nM (Figure 2), a value that is consistent with published values for the
binding of FVila to sTF (4.8 n ggnschwander P. F. and Morrissey, J. H
(1994) J. Biol. Chem 269(11): %%S{W B63) or the binding of FVI1, FVila and

DI P inactivated-FVI | ai i 0ivb®at Thromboembolism Model

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 -400g, 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 thrombaoplastin (0.5 mi/kg). In the vehicle treated
group, this dose of TF resulted in 60% lethality (LDs), usually within § min after thromboplastin
injection. The rais were scored according to the following morbidity-maortality 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



| ength TF reconstituted in neutral phosphatidylcholine vesicles (Bach R et
a/. (1986) Biochem stry 25:4007-4020). The affinity of FVII or FVIla binding

to full length TF increases greatly when charged phosphatidyl serine is
i ncl uded @ odfagsphosphol i pid vesicles (Bach R et WO 03
PCT/ US03/ 135£ -39 at (1986) suprg), due to the inter aé:’??@ﬁ%éfsztlhe GLA

domain of FVII or FVIla with the ¢chdrged nenbrane surface (Neuenschwander,
P. F. and I\/brrissey, J. H (1994) supra). Under these optinal conditions,
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c onpatd nedudecesitatsy Histidss imtHis assay. FVI | a/ TF conplex. In contrast, the
scFv(TF) 3el10 anti body not only has greater affinity for the FVI | a/ TF
conplex than to TF, but it does not conpete with FVila for binding to TF. An
ant i body 'Etwcnnemiingoaia(nmé}:eerlbe repieatet witb enilao suacesgpiait subsiitutingWikl a, will

i nhi tion of

FVI l&éﬁ\%&ﬂlﬁ Oﬁ%écﬁgﬁﬁpl\ﬂés bEd {2 té}%@cﬂ rat%%Eg%'t% Es'ﬂ‘é%ﬁﬂ%f/"gm age over
ant i thosk esedtimte m‘@wpm@xamphs FX for binding to IF. The K. of FX for the
Vllal/ TF conplex is between 0.061 and 0.099 pM based on the data shown in
Figure 7, consistent with published val ues go 1 pM Bau% at .
(2000) J.Whiethe inggeiian EpbhesT jilustisgedswittpespgct mmeptqslﬁém &Pﬁ@h of FX in human
pl aséﬁlbb&y coh@fudidiid aﬁpatré’nt@hd(t Qhiihtishd and%o@ﬁédh@ﬁ@yf tl"‘fé:J meﬁ%n%gﬁ ¥E TF) 3e10,

whi ch does not conpet as shown in Figure 7, inhibit the
act|R‘i'a@‘?WW‘%’Fd%@ﬁ‘ﬂﬂd&ﬁ@ﬂ‘@éﬁtﬂtQfsqoﬁéobﬂ"amm&ﬂncentrat| on of FX. EXAMPLE 6
In vivo Rat Thronmboenbol i sm Model The TF-bi ndi ng single chain anti body
scFv(TF)3el0 is specific for primpte TF. A thromboenbol i sm nodel triggered
by human TF (thrombopl astin reagent cont ai ni ng human reconbi nant TF, Ot ho)
was devel oped in conscious nale Sprague-Dawley rats (350 - 400 g, n >

7/ group). In this nodel of dissem nated intravascul ar coagulation (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 mlkg). In the vehicle
treated group, this dose of TF resulted in 60%lethality (LD60), usually
within 5 mn after thronboplastin



injection. The rats were scored according to the foll ow ng
norbidity-nmortality scoring system 0O = unaffected; 1 = mld respiratory
distress (recover within 30 min); 2 = severe respiratory distress

(nori bur\gooaﬁﬁgyery required nore than 60 min); and 3 EeR53sINe average
score was uUse 2for conparing the efficacy of the different treatnent

groups. The results using this in“"W"03/ 093422 PCT/ US03/ 13521 -40 vivo
assay are depicted in Figure 8. The anti body of the invention was able to

red rtality and reduce respiratory distress in this assay. The
preg%iiﬂﬁgﬂ@s can be repeated with simlar success by substituting the
generically or specifically described reactants and/ or operating conditions
of thig inyention for ho ed in the pr dj X es. ile the
"hvent fon HaansaasfTenltes tual BRte il bR AREE o e SR Blsnietpoter (o ¢

ant i bodVItdTR)tcotplex thart toitissuafpetoefTF) loaé. vari ations and nodi fications of the
i nvention can be mnade w thout departing fromthe spirit or scope of the

i nvention. WD 03/093422 PCT/ US03/ 13521 -41- What is clained is: 1. An
ant i co2gul @i artibbdypofdSliaitrhs twhatret saidvahtibody biatiewitlabf least Ryfoldgrédter f act or

Vilalti f Evl lal TE |l ex than to tissue fact TF) al one. 2.
The - aneTBL BF FEl ek camoi ik f YR arshifou A RS diniaide "2 T of o
greater affinity to the FVila/TF conplex than to TF al one as neasured in a
m crocal or| ) - ' . I 1 QIE id anti body
bi nds \?\n t hﬁ-ﬁgéﬁtéggé@?m%%@e@? geler}]& %g@g’ %%%9‘%"@“ ?ﬂéafwg’/ t;é:'fcj)lrrpl ex than to
TF al ond#inityo thé EVHaTF lsonhplesthapl taiTmaknewher ei n sai d anti body binds with at

| east 10-fold greater affinity to the FVIla/TF conplex than to TF al one. 5.

The antibody of Claim1l, wherein said antibody is a nonoclonal antibody. 6.
The an#i bothe attibolwefirlaim fvdessimsaicaotibedy bibéelyith et laasti1fdgeid geamigrn ant i body, a

Fab di : j I r ba‘?cgﬂé 7. The antibody of Claim6, wherein
sai d aﬁn%?}h%sggé{glpﬁaﬁgleg%%nﬁagﬁt| ody. 8. The antibody of Claim7,

wherein said anti body does not conpete for binding to TF
5.  The antibody of Claim 1, wherein said antibody is a monoclonal antibody.

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 FVIl and FX.

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

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.



with one or nore of the coagulation factors selected fromthe group
consisting of factor VIl (FVIl), factor I X (FIX), and factor X (FX). 9. The
-antibody of Caim8, wherein said coagylation factors are FVII and FX. 10.
The antibody of Claim1l, wherein said antibody is glycosylated. 11. The

anti bo J : hAe$ald I i i addi tion of
pol yet %%%8%@%% 'tlc?geérﬁhgs@ﬁh %%ﬂeh%ﬁ&@%?%ﬂq%%grég?% @'me@imi body is
bi ot i nydahpssifion compeiseg agirarptaaeutically at2epiable Axpipéentarelud i cal conpositi on,
conprising the anti&od of Claim1, which conposition conprises a

phar rractQG?EfR%t'W"\é% %ﬁi/"ﬁbﬁ'@o%%?fp?%?nﬁwya t herapeutical ly effective

anount of said anti body. 14. Use of an anti body of any clains 1 to 10 for

t b ombut 198t 6 TR B ASCRTE 1o BB e hihardlioh Py Bhek B dite
t hr onbi gbrbbiRe foH pretddtivn aida@tdt tmenzcormanen whéRin sfidratibays such as
the activation and aggregation of PI atelets. 15. The use of d aim 14,

wher ei nnbiits thé gensationgftatarakinivethost direetly affeclitneties coagulgkien t hr omboti c
complicati ol L g _angi opl o 0r _m.er oy I surgery. 16. Use of
an anti@%&5‘%3?Jsa%l;%\é\ésdﬁ}%gﬁlv?xgo?%&%ﬁcﬁgg{%@gtgope%@ﬁéﬁl%. of a pharmaceuti cal
conposition for treating deep vein thronbosis (DVT), dissem nated

| nt T avaps Uas ysE BRBMIAY | DAL saifl SPntaly RAREYOA WRISRRL o IScihAAGEr Wi th

evi dence of coagulopathy 1n a patien e of an antibody of any cl ains
1 to 1GCstfake, tivemiraticascatplmatiohs foliphdngrangioplasty, oraoigposascutar suogenyegul ati ng

an inflammtory response in a patient. 18. The use of Caim17, wherein said
inflamatory response is selected fromthe group consisting of sepsis, skin
and vei 16.d¢%€ pkan gntibedyahany slayps drios! 0 foo therpecpatation afa ghagnarevtical wher ei n

of & metDaPHEE Fordfedifuse L dhuits (OYETHERRater hAdaRdue W T 2o
bl ood. gdagutatidrt (DICONBEULEic8oRdTe sgRtides)yordfanCetivithleviddncefotki t, conpri sing

DNA sequences encodi ng the anti body of Caim 1.
coagulopathy in a patient.

17. Use of an antibody of any claims 1 to 10 for the preparation of a pharmaceutical

composition for regulating an inflammatory response in a patient.

18. The use 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. A kit, comprising the antibody of Claim 1.

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



WO 03/ 093422 PCT/ US03/ 13521 -43 22. A gene therapy conposition, conprising
t he pol ynucl eoti de sequence of SEQID NGO 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, i nygPishbs@sion with a therapeutically effective F@Hg to3Rksap  gene
t herapy vector. 23. An anti coagul a‘% anti body, wherein sai antsl Eody is a

single chain antibody that binds "W1th greater affinity to the FVila/TF
conpl ex than to TF al one and wherein said anti body does not conpete for

bi ndi th FVI | dFX ibody of Cl ai : erein said

ot b Y ahuoaifit, <Rimpfiice e 2rBBt oY etyaseRe $EGI0 B8 T ns o

25. Am(ﬂEﬁhllDt:N@@t wilieh eacpden tree atibodi cogsising citite droidy aold s€haence 28, wherein

sald t t.h leic i d .S e of SEQID
> STEUNEF OGS 15 G 3 Surtion R s pilsily SREM SERRE s

<110> deingtherafavectdr. McLean, Kirk <120> Novel Tissue Factor Targeted

Anti bodi es as Anticoagul ants <130> 52295AWM2 <150> US 60/ 376,566 <151>

2002-05-01 <160> 4 <170> Patentln version 3.1 <210> 1 <211> 282 <212> PRT
<213> 2 t iAhiapticdagBaglantibedy, wh@@in said antibody is a single chain antibody that binds

with greater affinity to the FVila/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
polynucieotide sequence comprises the nucleic acid sequence of SEQ 1D NO:2 or SEQ ID
NQ:4,



<223> Amino aci d sequence of scFv(TF)3el0 anti body <400> 1 Met Let @y Val
Leu Val Leu Ay Ala Leu Ala Leu Ala Ay Leu Val 1 5 10 15 The Pro.d u Mt
Ala A n Val Asn Leu Arg Gu Ser Gy @y Thr Leu 20 25 30 Val Gdn Pro Ay
Gy Ser L Ser Cys Ala Ala Ser Ay Phe 35 40 4 Thr Asp
Ala Trp Ne%kbgr rp Val Arg G@n Ala Pgo Ay Lys 50 55 63(:%@%?1}“@%& Gu Trp
Val 3(33" I%Tﬁ@é Ay Ser Ay @Ay Ser Thr Tyr 65 70 75 80 Tyr Ala Ay
Ser Val Lys é Phe Thr Ile Ser Arg Asp Asn Ser 85 90 95 Lys Asn Thr
Leu Tyryol e, @ I\@gvﬁsn Ser Leu Arg Ala G u Asp Thr 100 105 110 Ala Val Tyr
Tyr Cys Alwgerfag, VRirdeu Ser Leu Thr Asp Tyr Tyr Trp 115 120 125 Tyr Qy
Met Asp Val Trp Ay Gn Ay Thr Leu Val Thr Val Ser Ala 130 135 140 WD

03/ 0934232 %ﬂe&%ﬁééﬁé%&ct&&‘a@g&tﬁ wnGliyoddes Serafld jcobbaldite Asn Phe Met
Leu Thr G n Pro H's 145 150 155 160 Ser Val Ser Ala Ser Pro Ay Lys Thr
Val Tdw3obl esBesa@yw2 Thr Arg 165 170 175 Ser Ser @y Ser Val Ala Ser Tyr Tyr
Val @n Trp Tyr Gdn d@n Arg 180 185 190 Pro Ay Ser Ser Pro Thr Thr Vval Ile
Tyr GuboAspUAsN/BVs, 586y Pro 195 200 205

<151> 2002-05-01

<l60> 4

<170> PatentIn version 3.1

<210> 1

<21l> 282

<212> PRT

<213> Artificial Sequence

<220>

<223> Amino acid sequence of scFv(TF)3ell antibody

<400> 1

Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Val
1 5 10 15

Phe Pro.Glu Met Ala Gln Val Asn Leu Arg Glu Ser Gly Gly Thr Leu
20 25 30

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe
35 40 45

Ser Phe Thr Asp Ala Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys
50 55 60

Glu Leu Glu Trp Val Ser Ser Ile Sexr Gly Ser Gly Gly Ser Thr Tyr
65 70 75 80

Tyr Ala Gly Ser Val Lys Gly Arg Phe Thr Ile Ser Axrg Asp Asn Ser
85 90 95

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr
100 105 110

Ala Val Tyr Tyr Cys Ala Arg Val Leu Ser Leu Thr Asp Tyr Tyr Trp
115 120 125

Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ala
130 135 140



Ser Gy Val Pro Asp Arg The Ser dy Ser
Ser Ala Ser Leu Thr Ile Ser Ay Leu Lys Thr Au Asp Qu Ala Asp 225 230 235
240 Tyr Tyr Cys G n Set Tyr Asp Set Asn Mh Leu Val Val The Ay dy 245 250

255 A4y euThr Val Leu Ay Ala Ala Ala dy A a 260
265 270 TW%% p Pro Leu Gu Pro fgg Ala Aa 278 SoorCiBsdRsgT 5 2%,
<2125

192637 &Yy Ik e ﬁ%qgf-@%n 58S Qe <243 rNG1 sesiieReg encodi ng
scFv('{ 3€10 anti'body 4 0> 2 atgcttggggst cctggtcct tggcgeggctg gccctggcag
gcctggtctt ccccgagatg 60 gcccaggtca acttaaggga gtctggggga accttggtcc
agcct gegathIgkes CAigaGarlafe ALCLES BEIVERa0ET 1 g0t ko8t argct gacgect
ggat gagct g ggtccgccags180 gctccagggaiaggagcet gga gtgggtrixa agtattagtg
gt agt ggt gg aagcacatac 240 tacgcaggct ccgtgaaggg ccggttcacc atctccagag
acaat beecaderggagasgctvel3Aba deat cifcpaaviyaacagest Tyyagagceyagrgacacggcecg
tatattactg tgcgagegta 360 ttatcgatsga ccgattacta ctggbacggc at ggacgtct
ggggccaagg caccctggtc 420 accgtctcgg ccggtggcgg cggat ct ggc gcgccaaatt
tt at gPrgaElyt Cagceerarol8ir et HehtldggTryt@ucdgygrgndgacyg ®raccat ct cct
gcacccgcag cagbggcagc 540 WO 039@93422 PCT/ US03/48521 3/5 gttgccagcet
actatgtgca gtggtaccag cagcgcccgg gcagttcccc caccactgtg 600 atctat gagg

at aac&8€ a‘zé%léa&éét@tfgégpgﬁm cl{hgaﬁer Gt EectYF éﬁe CHi §ag B0 Asn

Ile Asp Thr Ser Ser Asn 210 215 220

Ser Ala Ser Leu Thr Ile Ser Gly Leu Lys
225 230

Thr Glu Asp Glu Ala Asp
235 240

Tyr Tyr Cys Gln Ser Tyr Asp Ser Asn Asn Leu Val Val Phe Gly Gly
245 250 255

Gly Thr Lys Leu Thr Val Leu Gly Ala Ala Ala Gly Ala Pro Val Pro

260 265 270

Tyr Pro Asp Pro Leu Glu Pro Arg Ala Ala

275 280
<210> 2
<211> 843
<212> DNA
<213> Artificial Sequence
<220>
<223> DNA sequence encoding scFv(TF) 3el0 antibody
<400> 2
atgettgggg toctggtect tggegegetg geectggeag gectggtett cecceogagatg 60
gcececaggtea acttaaggga gtotggggga accttggtec agectggaggg gteccktgaga 120
ctetectgtg cagectetgg attcagttte actgacgect ggatgagetyg ggtecgocag 180
gcteccaggga aggagetgga gtgggtctca agtattagig gtagtggtgg aagcacatac 240
tacgcagget ccgtgaaggg coggttcacc atctccagag acaatitccaa gaacacgetyg 300
tatctgcaaa tyaacagcct gagagccgag gacacggcceg tatattactyg tgcegagagta 360
ttatcgetga ccgattacta ctggtacggce atggacgtct ggggccaagg cacccoctggte 420
accgtctogg ccggtggeag cggatetgge gogeocaaatt ttatgetgac tcagecccac 480
tetgtgtegg cgtctecggg gaagacggta accatctect geacccgcag cagtggeage 540



acctcctcca actctgectc cctcaccatc tctggactga agact gagga cgaggctgac 720
tactactgtc agtcttatga tagcaacaac cttgtggttt tcggcggagg gaccaagctg 780
accgtcctag gtgcggccgc aggagctccg gtgccggatc cggatccgct ggaaccgecgt 840
gccgcat ga 84 <210> 3 <211> 261 <212> PRT <213> Artifi gj nce <220>
<223> Am ﬁ%@%g equence of scFv(TF eI Odel ta anti body %g)(%é%g t Leu Ay
Val Leu Val Leu Gy Ala Leu Ala Leu Leu val 1 5 10 15 Phe Pro Qu

SR EIRTP ATV TR R MR T Wt
ASp AL@ct-gt@a tat%% IEQQ \@ccﬂi@ggg %té\l:&ég.rtg Wtdﬁé%ggagzc%%tégac Gggpleu G n
Trp Val Ser le Serrdy Ser y Ay ’S r Tyr 65 70 75 80 Tyr Ala

dy Ss&ce@tcbasac@d& O R cdBEadd @c ac% AL tBBgDEgBRc8GaH5 72bYS Asn
Thr Leu Tyr Leu d ngl\/bt Asn Ser Leu %ég AI@g ?u AspgThr 100 105 110 Al a Vval

Tyr TyactQetghlkaad¥c@t¥aba LRigcSREadL b iftgAsh Hydgchyhgd rdhcchd8cdx?0 7885 Tyr
Ay Mt Asp Val Trp Ay Gn Ay Thr Leu Val Thr Val Ser Ala 130 135 140 dy

Ay Chycddortsgrghniygbbge MeigabetecngtGheydate thgatveycYajgasekgegt 840
geegeatga 849
<210> 3
<211ls 261
«212»> PRT
<213> Artificial Sequence

<220>

<223> Amino acid sequence of scFv{TF)3ellfdelta antibody

<400> 3
Met Leu Gly Val Leu Val Leu Gly Ala Leu Ala Leu Ala Gly Leu Val
1 5 10 15

Phe Pro Glu Met Ala Gln Val Asn Leu Arg Glu Ser Gly Gly Thr Leu
20 25 30

Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys ala Ala Ser Gly Phe
35 40 45

Ser Phe Thr Asp Ala Trp Met Ser Trp Val Arg Gln Ala Pro Gly Lys
50 55 60

Glu Leu Glu Trp Val Ser Ser Ile Ser Gly Ser Gly Gly Ser Thr Tyr

65 , 70 75 80

Tyr Ala Gly Sex Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser
85 20 95

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr
100 105 110

Ala Val Tyr Tyr Cys Ala Arg Val Leu Ser Leu Thr Asp Tyr Tyr Trp
115 . 120 135

Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ala
130 135 1440

Gly Gly Gly Gly Ser Asn Phe Met Leu Thr Gln Pro His Ser Val Ser
145 150 155 160



145 150 155 160 WO 03/093422 PCT/US03/ 13521 415 Al a Ser
dy 165 170 175 Ser Val
180 185 190 Ser

195 200 205 Pro I4sthe Ser Gy
210 215 220 Leﬂéﬁﬁs&ngszp

Thr
Val

Tyr
Ser
Leu
Asp
Leu

Il e Ser

IIe 2?@0@{2@{2‘6
R A%ﬁ%%@pb

<210> &

<223>3[NA, Seguencs &
tcctggtcct "t ggcggget
actt aaggga gtctggggga accttggtcc agcct ggggg gtccctgaga 120
cagccket G-oathe agld 61 2kl
aggagct gga gigggt ctca agt at

dy 260

Cys Thr Arg Ser
Gn Trp Tyr An @n Arg Pro Ay Ser
S Arg Pro Ser Ay Val

Ser Asn Ser Al a ggr

Va1 a by ci‘

<211> 783

928 CEM{ Eg
gtggcag ggkt

a

ob

Ser

<212>

gt ctt

gCeiu 998t AApGhd
agi¢h Ot agt ggt gg aageaesat ac 240
ccgt gaaggg ccggttcacc atctccagag acaattccaa gaacacgctg 300

??F I?S

<213> Arti f| Cl aI
alt gantibedy 154902 4 atgc~tgggg
g (3’ gcccaggt ca
ctctcctgtg
vagCt ccaggga
t acgcaggct
tatctgcaaa

ccccg

284 aegcsag di

gabg 6

Pro dy Lys Thr Val
Ala Ser Tyr Tyr
Pro Thr Thr Val

Ile

ITe Ser Gy

2 A n Ser Tyr
%9555 Leu. Thr Val

t gaacags AsplAgq Oadd3dr JRGAGEYCED: habathAGlesy b&EOraagea BR0 ser

210

Leu
225

Gln

Leu.

<21l0> 4

<211» 783
<212> DNA
<213>
<220>
<223> DNA

<400> 4
atgcttgggg

gococaggtca
ctetectgtyg
gctccaggga
tacgecaggct
tatctgcaaa
ttatcgetga
accgtctegy
gegteteegg
tactatgtgc

gataaccaca

215

230

245

Thr val Leu Gly

260

Artificial Sequence

235

250

220

Thr Ile Ser Gly Leu Lys Thr Glu Asp Glu Ala Asp Tyr Tyr Cys

240

Ser Tyr Asp Ser Asn Asn Leu Val val Phe Gly Gly Gly Thr Lys

255

sequence encoding scFv({TF)3eltdelta antibody

teetggtecet
acttaaggga
cagectetgg
aggagctgga
cegtgaaggyg
tgaacagccet
ccgattacta
ccggtggegy
ggaagacggt
agtggtacca

gaccctetgg

tggcgegetyg
gtctggggga
attcagttte
gtgggtctea
ccggticace
gagagccgag
ctggtacggce
cggatctaat
aaccatctec
gcagecgecog

ggtcecetgat

goeoetggcag
accttggtec
actgacgect
agtattaotg
atectccagag
gacacggecg
atggacgtct
tttatgectga
tgcaccegea
ggcagttcce

cggttetetg

gcotggtett
agcctggggg
ggatgagctg
gtagtggtgg
acaattccaa
tatattactyg
ggggccaagy
ctcageoeeca
gcagtggcag
ccaccactgt

gctecatoga

cceoegagaty
gtcectgaga
ggtccgeeag
aagcacatac
gaacacgetg
tgcgagagta
caccctggtc
ctctgtgteg
cgttgeccage
gatctatgag

cacctectec

Sequence

&80

120

180

240

300

360

420

484

540

600

660

<220>



ttatcgctga ccgattacta ctggtacggc atggacgtct ggggccaagg caccctggtc 420
accgtctcgg ccggtggcgg cggatctaat tttatgctga ctcagcccca ctctgtgtcg 480
gcgtct ccgg ggaagacggt aaccatctcc tgcacccgca gcagtggcag cgttgccage 540
tactatgtgc f.acca gcagcgcccg ggcagttccc ccaccactgt ga 00
gat aaccaca ‘8&@%@? gg ggtccctgat cggtigtctg getccatcga ca%%?@é?@%sgw WO
03/ 093422 PCT/ US03/ 13521 5/5 aactct gcct ccctcaccat ctct 88@%&ﬁaagact gagg

acgaggfPGaC St SEEHRCF2D. CEEAIPELT ANFaE BT 4TI F Y Eggtdoag
ggaccaaC%%Ec&%(&%gggantc%azgg cg:gctgtégg’t ttecggeggag ggaccaaget gaccgtecta 780

ggt 783



