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coagul ation leads to thronbosis, which can cause heart attack, stroke,

pul nonary enboli sm and venous thronbosis. There is a need for nore

effective t f f.specific thronbotic
di sorders%ﬁgpg?&éﬁ%%%&gnaﬁ{ﬁ%ém%ﬁgb‘ﬁﬁﬁﬁ'ﬂgtﬁ%t Is the
maj or initiator of the coagul apNFICOASURANTS Nenerson, Y. (1995) Thronb.
Haenost. 74(1):180-184). Under normal physiol ogical conditions active TF is
not In contact with blood. During vascular injury, exposure to blood of
subendot hel i al TFand col | agen | eads to activation of coagulation factors and
pl atel ets and subsequently to henostatic plug formation. The i nappropriate

i nduction of TF expression in a variety of clinical settings can lead to
life threatening thronbosis and/or contribute to pathol ogi cal

conplications. TF exposure foll O\ﬁm@é NB rupture is believed to be
responsi bl e for thronmbotic occlusion leading to acute nyocardial infarction
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platelets and subsequently to hemostatic plug formation. The inappropriate induction of TF

expression in a variety of clinical settings can lead to life threatening thrombosis and/or
contribute to pathological complications. TF exposure following plague rupture is believed to be
responsible for thrombotic occlusion leading to acute myocardial infarction and stroke. In these
setiings, 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 factor Vila ("FVIla")/TF complex is involved In the pathogenic mechanism in a
variety of thrombotic diseases and the circulating lsvel of TF is a risk factor for certain patients.
FVlia and TF play unique roles in vascular injury in maintaining hemostasis and initiating
thrombosis. TF is expressed in the adventitia normatly, but is upregulated and expressed
inappropriately in the media and neointima in vascular disease. TF expression in
atherosclerotic plaques is increased and shielded from the blood by a thin fibrous cap that may



endarterectony damage the vessel wall and expose underlying TF. In the

at herosclerotic, lipid- rich, thin-walled plague, spont a_nqug\;r?ﬂBure or
endot helial erosion |eads to TF exposure and thronbosis, resulting in

unst abl e angoma/oe6ek myocardi al I nfarction. TF can circul aticwwseseldsky deri ved
m croparticles and circulating TF |l evelss are el evated I n unstabl e angi na
suggesting that this circulating TF may contribute to thronbus formation
(Soejima, H at al. (1999) Crculation 99(22):2908-2913). Oten cancer is
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residue modular protein composed of 5§ structural domains: an N- terminal, hydrophobic reglon
(residues 1-226); a cysteine-rich region (residues 226-462); a O-glycosylated Ser/Thr-rich
region (residues 463-497); a hydrophobic transmembrane region (residues 498-521); and a C-
terminal cytoplasmic tail (residues 522-557).

The cysteine-rich region includes six repeated structures homologous to epidermal
growth factor ("EGF") precursor, called EGF-like, EGF-homology or EGF domains. The
cysteine-rich reglon can be further divided into 3 domains; the EGF-like repeats 1, 2 and 3
("EGF123", residues 226-344), the interdomain loop between EGF3 and EGF4 (residues 345-
349), and the EGF-like domains 4, 5 and 6 ("EGF456", residues 350-462), The function of
EGF456 is to medlate thrombin binding and protein C activation. One study has suggested that
the fifth and sixth EGF-like repeats ("EGF5", residues 390-407, and "EGF&", residuss 427-462,
respectively) have the capacity to bind thrombin (Kurosawa, S. et al. (1988) J. Biol. Chem.




263(13):5993-5996); another suggests the EGF456 domain is sufficient to act
as cofactor for thronbin-nediated protein C activating activity4(zZushi ;=M
et al. (1989) J. Biol. Chem 264(18):10351-10353). The Ser/Thr-ii'ch doiai n
enhances ECGFO®&09266ki at ed t hronbin bi nding. The third EGF-rRdesosepent
("EGF3", residues 311-344) is required3or the activation of

t hronbi n-activatable fibrinolysis inhibitor ("TAFI"). Several point nutants
in EGF3 have been described that interfere with the activation of TAFI
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antitirombin 1il-dependent mechanism. Thrombus-bound thrombin is protected from the action
11 Ievetls wgrq _%egle e{i |, NOY_ 2006
of antithrombin I1l, which limits the antithrombotic efficacy of heparin or low molecular weight
heparin ("LMWH?") on preexisting clots. This explains the failure of heparin or LMWH to inhibit
thrombus growth triggered by clot-bound thrombin or prothromblnase in non-human primate
studies. In contrast, recombinant TM attenuates clot induced thrombin generation and fibrin
formation in a dose dependent manner (Mohri, M. et al. (1998) Thromb. Haemost. 80(6).925-
929). The Inhibitory effect of TM is abolished by anti-protein C antibody. Inhibiting clot-bound
procoagulant activity is clinically relevant because clot-bound procoagulant activity results in
more rapid thrombus growth and ultimately in vascular occlusion or thromboembolic
complications. Inhibition of thrombus growth allows the endogenous fibrinolytic systerns to
remove clots more rapidly and completely. In addition, TM is also expected to he more
effective than heparin in pathological conditions where plasma antithrombin is depleted, such

as DIC. While both TM and heparin inhibit platelet and fibrinogen consumption [n experimental
DIC, only TM was effective when antithrombin Jll levels were depleted.
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I nvention provides novel fusion proteins, which act as antig af@[t}l\l m@ and
conprise a targeting protein, that interacts with either tissue r
("TF") or twoobmster Vila/tissue factor rFVIlarrF") conplmqusohigi is
operably linked to the thronbonodulin @ TM) EG-456 donmain alone or in
conbination with at | east one other TM domain selected fromthe group
consisting of the N-term nal hydrophobic regi on domain, the EG-123 donai n,
the Interdomain | oop between EGF3 and EGF4, and the O gl ycosyl at ed
SeraThr-rich domain, or analogs, fragnents, derivatives or variants

t hereof. The anti coagul ant SURAMARYCOPTRENMNCENTINS | nvention targets and
binds TF or the FVila/ TF conplex at the site of injury, localizing TMto
the Injury site, and thus preventing thronbus formation and thereby
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| nf | antérbasis, acute coronary syndromes, thrombotic complications following angioplasty, and
coaguiopathy in advanced cancer. Further, the fusion protein has use in microvascufar surgery,
skin and vein grafts and organ transplants.

in another aspect, the invention provides pharmacsutical compositions inciuding the
subject fusion proteins.

In angther aspect, the invention provides for a method of protecting a patient against
thrombus formation comprising administering a therapeutically effective amount of the fusion
protein to said patient, and thereby inhibiting the generation of thrombin without directly
affecting other coagulation parameters such as the activation and aggregation of platelets.

In another aspect, the invention relates to a method for preventing and treating deep
vein thrombosls ("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 fusion protein to said patient.



response in a patient conprising admnistering a therapeutically effective
amount of the fusion protein to said patient. In yet another aspect, the
fusion protein of the invention can be used to forma non- throhbogeniléh
coati ng on wae3eusdzace of nedi cal devices contacting bl oodcTiusoamsther
aspect, the invention relates to a kit Sconprising a fusion protein
conprising a targeting protein, that binds TF or the FVII| A TF conpl ex, and
TM domai ns. Alternately, the kit nay conprise DNA sequences encodi ng the
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descri F8 le 5 entitled "sTF/FVI1a activation assay” using 2 nM
FVila In the presence and absence of 800 nM scFv(TF)3el0. The sTF was
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usi ng travizgdaic doatingaindhe sefacei of medichitievieeconténting blegent of binding affinity
of scFv(TF)3el0 for sTF. The sTF/ FVlIla assay was as described under Exanple
5 entitled "sTF/FVIla activation assay" using 3 nMsTF and 2 nM FVila. The

concent r at i iormnothersdspedts thé investitretetated toa Kifcoimprisihg 8 tisieh proteiividneprisiRyadi ng of

the sgFv(TF)3el0 1 bo redu e KD of for binding to FVlla,
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rat e ofmaybeaprisgcDNA séduencds antodieg tie fusioplotet entpdRes. ScFv( TF) 3e10 was added
at increasing concentrations and the increased rate of reaction was used to
determ ne the KD apparent of the antibody for sTF using a standard
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M crocal.or| r is shows scFv(TF)3el0 has a 20-fold higher affinity
for th%ﬁ@@gﬁ@dﬁpg?@hﬁ% ex than sTF alone. Isothermal titration calorinetry

was performed using a McroCal VP-ITC instrunment. The sTF/ FVila conpl ex was
prefornmed by adding a 2.3 VIlai to sTF. Size
excl usi on chr omat ogr aphy V\Eggggﬁég Qﬁﬁ??ﬁ?%ﬁgt he sTF was conpletely
conpl exed. For determ nation of the antibody affinity for the conplex, 1.2 M
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activation assay” using 2 nM FVIia in the presence and absence of 800 nM scFv(TF)3e10. The

sTF was titrated Into the assay and the rate of cleavage of the chromogenic substrate (S-2266)

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

Figure 2, Measurement of binding affinity of scFv(TF)3e10 for sTF. The sTF/FVlla assay was
as described under Example S entitled "sTF/FVlla activation assay" using 3 nM sTF and 2 nM
FVlla. The concentration of sTF used was below the Ky for binding to FVlla. Binding of the
scFv(TF)3e10 antibody reduced the Ky of sTF for binding to FVlla, leading to increased
formation of the sTF/FVHia complex and, therefore, the rate of cleavage of the chromogenic
substrate $2266. ScFv(TF)3e10 was added at increasing concentrations and the increased
rate of reaction was used to determine the Ky apparent of the antibody for sTF using a standard
4-parameter fit.




was added to the cell and 141 pM scFv(TF)3el0 was added to the syr,;‘ygzﬁ Dat a
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anal ysis was done using McroCal Oigin software.

single binding site. Figure 4. scFv(TF)3el0 dose dependently Inhibits the FX
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ul reconstituted human plasma was added. Coaguiation time was determined in a Haemoliance

Coagulometer. Dose response curves were generated for each inhibitor and then regression

analysis was used to calculate the concentration {in nM) necessary for a two-fold extension of

the clotting time.

Figure 8. The fusion protein retains full cofactor activity for the activation of protein C. The
assay described under Example 5 entifled "Protein C activation assay (chromogenic)" contained
20 pl TM sampla, either TMi456, which contains the EGF domains 4-6 and the interdomain lcop
between EGF3 and EGF4, or fusion (scFv(TF)3e10-TMi456), 20 pl 1.5 uM protein C, and 20 n
3 nM alpha thrombin. Activation was allowed to proceed for 1 hour. The activation phase was
stopped by adding 20 pd 0.16 u/ml hirudin. 100 ul of 1 mM $2266 was then added and the
A405 determined every 10 seconds for 30 minutes. The rate of reactlon is dependent on the
amount of activated protein C generated. Data is expressed in mOD/min,




30 minutes. The rate of reaction Is dependent on the amount of activated
protein C generated. Data is expressed in nOD/min. Figure 8. Fhe Nlisi2000
protein shows greater specificity for TF-induced coagul ati on than TML456.
The acti vatwgopasseal t hronboplastin time (APTT) assay i S REMES0sMIsL2 t O
inhibitors of the intrinsic and central pathways of coagul ation.
Coagul ation that occurs in this assay is independent of |IF. The Inhibitors,
ei ther TF anti body (scFv(TF) 3e10), TM 456, or fusi on (scFv(TF) 3el O TM 456),
asma to a fi concentration
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Figure 9. The fusion protein more potently inhibits TF-induced whole blood coagulation than
either of its components alone. Whole blood coagulation was analyzed using a Haemoscope
Thromboelastogragh {TEG) analyzer. To citrated whols blood, 120 nM of TF antibody
{(scFv(TF)3e10), TMi458, or fusion {scFv(TF)3e10-TMi456) was added along with 10 plof a
thromboplastin reagent (1:64 diiutlon) and 20 pul of 0.2M CaCi;. The R-value (time to initial fibrin
formation) was obtained for each sample. This value was then converted to a % uninhibited
control R-value.

Figure 10, The fusion protsin shows a more predictable dose response than LMWH in a whole
blood coagulation assay (TEG). To citrated whele blood, increasing concentrations (15 nM
starting and increased by 2X increments) of fusion (scFv(TF)3e10-TMI456), or increasing
concentrations (0.15 u/mi starting and Increased by 2X) of enoxaparin (LMWH), were added
along with 10 ul of a thromboplastin reagent (1:64 dilution) and 20 pl of 0.2M CaCl,. The R-
value (time to Initlal fibrin formation) was obtained for each sample and plotted versus relative



on death. scFv(TF)3el0-TM 456 was nore efficacious than a 10-fol d highe
dose of scFv(TF)3el0. (B) In the vehicle-treated group, the4 N N OVi Qﬁﬁ%dose of
TF resulted In an average norbidity-nortality score of 2.6, based on the
fol | owi ng swons/agemystem O = unaffected; 1 = mld respi rrtousys/disst r ess
(recover within 30 mn); 2 = severe respiratory distress (noribund, recovery
required nore than 60 mn); and 3 = death. scFv(TF)3el0-TM 456

dose- dependently prevent ed TF i nduced death and respiratory distress with

an ED5Q val 0 46 n 0.019 [ k F)3el10-TM 456 at 7.0
ang&Jgﬁ%q%g?%I??ng‘}ﬂ%q %ﬁt‘%ﬂhfgg?ﬂfﬂ) ?W%‘&E‘Pé ﬁ?ﬂ”é'ﬂ“r’%%sg and at 0.7
nnoVk gsubsagieat edngentrationg Xyl deat h and significantly reduced respiratory

distress. In contrast, scFv(TF)3el0 at 0.7 nnmoVkg had no inpact on death and
little or no effect on respiratory distress. scFv(TF)3el0-TM 456 was nore
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MRNA agidtress. In contrast, scFv(TF)3e10 at 0.7 nmolikg had no impact on death and little or no

effect on respiratory distress. scFv(TF)3e10-TMi456 was more sfficacious than a 10-fold
higher dose of scFv(TF)3e10.

DETAILED DESCRIPTION OF THE INVENTION

The anticoagulant fusion protein of the present invention is comprised of a targeting
protein that interacts with either tissue factor ("TF") or the factor Vllaftissue factor ("FViia/TF")
complex, which is operably linked to the thrombomodulin ("TM") EGF456 domaln alone or in
combination with at least one other TM domain selected from the group consisting of the N-
terminal hydrophobic region domain, the EGF123 domain, ihe interdomain loop between EGF3
and EGF4, and the O-glycosylated Ser/Thr-rich domain, or analogs, fragments, derivatives or
variants thereof,

Definitions:
In describing the present invention, the following terms are defined as indicated bsiow.




translated into a polypeptide in a host cell when placed under g eNggmﬁl .
of appropriate regulatory sequences. The boundaries of the codi ce
are determned by a start codon at the 5 Ntermnus and a translation stop
codon at t hwod3/093662er mi nus. A coding sequence can incl udepgaosiisei i C

sequences, cDNA from eukaryotic nRNA, @enom ¢ DNA sequences from eukaryotic
DNA, and synthetic DNA sequences. A transcript i on term nation sequence wll
usually be located 3' to the coding sequence. "Fusion protein” |Is a protein

resulting f omtlﬁ;l etx essi on of gé | e st two operativel | i nked
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or variants thereof. "Targeting protein" is a protein that binds to or

interacts with another protein or a protein conplex. The targeting protein
of this i nvodliyeRrateing ohpelyraptidesaer i niatsing or pelypaptidesiecaverpd fomrR or  t he |

FVI | al dburenoBelifng ifRatuRx el térm At N WotidihcBad ha tEPé'uiéé&]ﬁr@Of@bﬁa‘ anti body,

is atargeting protein of this invention. Two ot er e targeting
pr ot ei Fagmends hefaoke site Inhibited factor Vila (" FVIIa| '), which can bind
TF to forman i nact ive FVIlaifTF conplex, and tissue factor pathway
inhibitor (! TFPI"), which can bind to and inactivate the FVIIalTF conmpl ex. -
1 1110V 200%D0S 939“0@2%@"% @50y spausnee which is tarscabed o mRYA@de” is a

het er opaRaiaI&RY inff a %%ﬁﬂ@%%s@%livﬂ% p@é&aﬁﬁd&qﬁ@b&ﬁml [dpRatet NYM ne, or

cytosine). DNA sequences encodi ng t fusion proteins of h| s Invention can
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bei ng expressed in a reconbi nant expression vector. In discusSing the

st r uct BGNeRge GRARGIYAR RrPkanselis sequancas GDNACROM reffasalic SRNA geqomsi may be
descri baflehsdiom amwdﬁb 'MNA And Bﬁma BNA %G!ﬁd&%' Arisceipitivh RmRtion t he

sequence in the 5 direction along the nontranscribed strand of cDNA.
Reconﬁ?%ﬁﬁ@‘@ﬂﬂ?@lglbaﬂpm%ﬁoihﬁcﬁd"ﬂgaﬁqqu@ﬁﬁe DNA construct used either to
anplify or to express DNA encoding the fusion proteins of the present
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sequence. DRASIERRIHEIN” I§ dquietrindesyiting frgaithe grrspeniasy of aé ipastiwe speratiyrly one
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targeting protein that interacts with either TF or the FVIla/TF complex, which is operably linked
to the thrombomodulin {("TM"} EGF456 domain alone or in combination with at least one other
TM domain selected from the group consisting of the N-terminal hydrophobic region domain,
the EGF123 domain, the interdomain loop between EGF3 and EGF4, and the O-giycosylated
Ser/Thr-rich domain, or analogs, fragments, derivatives or variants thereof.

"Targeting protein” is a protein that binds to or interacts with another protein or a protein
complex. The targeting protein of this invention is a protein that binds to or interacts with TF or
the FVIla/TF compiex. For example, an anti-TF or anti-FVila/TF complex antibody, is a
targeting proteln of this invention. Two other examples of targeting proteins are active site
inhibited factor Vila ("FVItai"}, which can bind TF to form an inactive FVIlaiTF complex, and
tissue factor pathway inhibitor ("TFPI"), which can bind to and inactivate the FVIla/TF complex.




sequences, upstreamregul atory domai ns and enhancers. Reconbi nant expression
systens as defined herein vm' |1 express the fusion prote| ns upﬁg %ﬁ@\l on
of the regulatory elenents. "Transformed host cells" refer to 14>

have been twansbtusered and transfected with exogenous DNApdr@estas DNA nmay
or may not be integrated (covalently |inked) to chronmosomal DNA maki ng up
the genone of the cell. In prokaryotes and yeast, for exanple, the
exogenous DNA nay be nmaint ai ned on an epI sormal el ement, such as a plasm d or
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83(23):8834- 88 d,;] :
84(18) 5%%'9‘3"96'2;@ 93‘6??&%‘?'@% @P@“W@’EPWP@"%@F%B?@% by reference). The
sequences for bovine, human and nouse TM exhi bit a h| gh degree of honol ogy
w th one ot he{_‘ The cDNA uman TM encodes a protein of 575

am no aci ds I{]antﬁgpg?ssgpgﬁ%}w safgairebleN %quts'saﬁﬁw@r&ea@ahfyg@e e.g.,

U.S. Paieacptes5 mhrﬁﬁémg M&Bﬁ@%@ofﬂ@b@@&ﬁm% AnlexpyiligionivBetgibi n bi nds
to TMth nethousaléqd nore increase In the activation rate
?P‘E‘iﬂ%ﬂﬁﬂq&

of prof¥ i |°8ﬂt 9l SPAencha a fbcee INAvgonical seauepeesipeuds n C. In
addi ti pmmowﬂeéqﬁdhb@é‘[bibasdrﬁe baYing stes, B'Madehﬂgﬁﬂ?ﬂ dibd&% ErQHQﬁBt:df‘PcéKﬁnﬁﬁm

procoa ul ant e Speci fically hr onbl n- catab¥zed rin formtion,

nz
fact or W“ﬁﬂ‘quv‘é? ’SH"‘ r&ﬁ‘datﬁ%@%‘%ﬁs %{@tqnva@qe&a Regogbingnt expregasisntsystems ashe

pr esengefined hddn Wil ésipredMneansiar ;srétetdanﬁaﬁ)lnaubtrb%f ?ne%u@hﬁahﬂaérﬁaﬂts
anticoagul ant " Thronmbonodulin (TM donain" refers to a discrete amno acid

sequence that can be associated with a particular function or

characteri S'tnrahsﬂi‘rrnzﬂ/hogttbehs"a@feato%ﬂé faaf Idvie %éﬁtr&:‘i’d‘fél’n%‘d)énd %h&l‘ﬁ&tﬁﬂ Mthuni t.
The full-1len m % ene n des a precursor or pro-polypeptide containing

t he fB’F"IgBW 993?“05 8‘%‘8@‘3—5’!@ be inftagratad (covalpaly lakeql) é?lce ani no
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cyst ei e rich re consi t|n t andem like Te eat510|ned by
o T et NG ey B atait ismian eRACHE SBmast such selagmid 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 ablility of the eukaryotic cell lines or clones to produce a

population of daughter cells containing the exogenous DNA

*Thrombomodulin (TM)” refers to an endothelial cell surface glycoprotein that forms a
high affinity complex with thrombin. The genes encoding native TM (both its genomic form and
as ¢cDNA) have been Isolated and sequenced from bovine and human (Jackman, R.W. et al,
(1886) Proc. Natl. Acad. Sci. USA 83(23):8834-8838 and Jackman, R.W, et al, (1987) Proc.
Natl. Acad. Sci. USA 84(18).6425-6429, both of which are herein incorporated by refersnce).
The sequences for bovine, human and mouse TM exhibit a high degree of homology with one
another. The cDNA of human TM encodss a 60.3 kDa protein of 575 amino acids, including a
signal sequence of about 18 amino acids, see e.g., U.S. Patent 5,827,824,



an O-glycosylated Ser/ Thr-rich region; amno acids 498-521 is a hydrophobic
transmenbrane region; and am no adds 522-557 is the C-termnak cyt opl asmc
tall. The cystelne-rich region can be further divided into 3 domai ns:“am no
aci ds 226- 3wd sm92&6-123, consisting of the EGF |ike repeacrnsoidisand 3
(residues 226-344); am no acids 345-3491is the interdomain | oop between
EG-3 and EGF4; and am no acids 350-462 |Is EGF456, consisting of the EG-11ike
dormains 4, 5 and 6. See e.g., Yost, C. S. at a/. (1983) Cell34(3):759-766;
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proteins.wiich half-1ife, O- cOosS t fusi on, proteins
modi f i &iom,gnd ﬂ@?"é’cﬁfg{se%% '%WB&PBW?W%BY %ta?aﬁ@ pstinefhIedan f usi on
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activity" ane bial ogic unction or activity"eac
means ke 1d§ a3l adﬂ?%?iﬁ;?‘cﬁ anype Agis 34%% sithe ipferdamainiogRit 30% t o
100% Obetwaen EGF3 and EGF4; and amino acids 350-462 is EGF456, consisting of the EGF-like

domains 4, 5 and 6. See e.g., Yost, C.S. ef &/, (1983) Cell 34(3).759-766; Wen, D.Z. et 4/,

{1987) Biochemistry 26(14):4350-4357; and Wang, W. ef al. (2000), supra, all of which are

incorporated herein by reference.

The terms "analog”, “fragment®, "derivative”, and “variant”, when referring to the fusion
proteins of this invention, as well as the targeting protsins and the TM domain(s), means
analogs, fragments, derivatives, and variants of the fusion proteins, targeting proteins and TM
domain(s) which retain substantially the same biological function or activity, as described further
below.

An "analog" includes a pro-polypeptide which includes within it, the amino acid
sequence of the fusion protein of this invention. The active fusion protein of this invention can
be cleaved from the additional amino acids that complete the pro-fusion protein molecule by
natural, /n vivo processes or by procedures well known in the art such as by enzymatic or
chemical cleavage. For example, native TM is naturally expressed as a 575 amino acid pro-



nore of that biological activity denonstrated by the pol ypeptide to which it
|'s being conpared when the biological activity of each pol ypepty 8EVi $0i5
determ ned by the same procedure or assay. For exanple, a fusion protelin or
TM domai n( syownbeazeitas substantially simlar functional actACIVUSP3NIBE22 t he
fusion protein of Exanple 2 (SEQ ID NOIZ2) is one that, when tested in the
protein C activation assay (chronogenic) described in Exanple 5,
denonstrates accunul ati on of activated protein C. Atargeting protein that

has su i | il BFocbsdag b L/ s ti body of
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FX act pogrepbfde.assays described In Exanple 5, denpnstrates the ability to
bind to or neutralize TF or the FVilarrF conplex. "Simlarity" between two
pol ypeptides |Is determ ned by conparing the amno acid sequence and its
conser ved afi'fhagreantis aupesticantali thedusien protein dargetingtdrefeintos Thdorsain(amitich of a

second | ' AT | scri bed
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and byasdeapsbed DEber RO J.  8: 779-785. For exanpl e, amino acids bel ongi ng
to one of the follow ng groups represent conservative changes: -Ala, Pro,
dy, Gn, Asn, Ser, Thr: -Cys, Ser, Tyr, Thr; -Val, lie, Leu, Mt, Al a,
Phe; - | NOV"dabstivaDirgBides 260rdifclibas 0B84 0622 prdtsin whichssubstagtialiyprserBhe,
Tyr, Tols HeSne & - Jer | [ erei n have
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and t héelogerves to direct the fusion protein to a cell or tissue bearing
the preselected target nolecule. In one enbodinent of this invention, the
targeting protein is an anti body that can bind to and neutralize TF or the
FVI 1 a/ TF cotfubetantialixsinitao flyicticrsl activity” lmed Ssubstantiily thessaime Biclogical funstioy| obul i n

(FV' 9") of BlififeeBEn mdEnd‘Flat thd YelieB HFBRIIchIUEEAR that 1 \ethifSbdii 30%t 3Bod%k or 2N
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, a fuslon protein or TM domain(s) that has substantially similar functional activity to
the fusion protein of Example 2 (SEQ ID NO:2) is one that, when tested in the protein C
activation assay (chrorpogenic) described in Example 5, demonstrates accumulation of
activated protein C. A targeting protein that has substantlally similar functional activity to the
anti-TF antibody of Example 1 (SEQ ID NQ:1} is one that, when tested in the sTF/FVila assay
or FX activation assays described In Example 5, demonstrates the ability to bind to or neutralize
TF or the FVIIa/TF complex.

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




whi ch are capabl e of binding an epitope of TF or the FVI1alTF conpl ex.
Typically, at least 6, 8 10, or 12 contiguous am no aci ds _a§ ayf peed to
Lol AR

forman epitope. However, epitopes which involve non-contig aci ds
may requir eslonsoRrse2e. g. at | east 15, 25, or 50 ami no aci dCTRW€ALI Yy, an
anti body that binds specifically to TFior the FVIIa/ TF conpl ex provides a
detection signal at |least 5-, 10-, or 20- fold higher than a detection
signal provided with other proteins when used in an |Inmunochem cal assay.
Pr ef erq_ggyA affs! bodi es that bind specifically to TF or the FVIla/ TF conpl ex
do not det erg’t other proteins in I munochenical assays and can

i munopthee Ty Tex HisTEndr the FVI1a/ TF conpl ex fromsolution. TF or the
FVI I a/ J&zpcgp! ex can be used to imunize a mammal, such as a nouse, rat,
rabbit, guinea pig, nonkey, or human to produce polytonal antibodies. If
desired, TF or the FVilalTF conplex can be conjugated to a carrier protein,

such s boviRgnseEHiel RS Tsea hANHABLEB e AIKEKIOLSH L LADSLoqOCYaN N
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t he i nfeR®BiEiRdIAthe arbisovhich thenrstseatdivention belongsl ude, but are not linmited to,
Freund's adjuvant, mneral gels (e.g., alum num hydroxide), and surface
active substances (e.g., lysoleclthin, pluronic polyols, polyanions,

pept i dEargeting Peotalnsi ons, keyhol e |i npet henobcyanin, and dinitrophenol).
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t he production of anti ecu nuaous €$ in culture.
These techni ques include, but are not limted to, the hybridoma technique,
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314: 452-454) . Monocl onal and ot her anti bodi es al so can be "humani zed" to

prevent a patient from nounting an | nmune response agai nst the antibody when
it is used Typically, an antibody that binds specifically to TF or the FVIIa/TF complex provides a

detection signal at least 5-, 10-, or 20- fold higher than a detection signal provided with other
proteins when used in an immunochemical assay. Preferably, antibodies that bind specifically
to TF or the FVlla/TF complex do not detect other proteins in immunochemical assays and can
immunoprecipitate TF or the FVila/TF complex from solution.

TF or the FVIla/TF complex can be used to immunize a mammal, such as a mouse, rat,
rabbit, guinea pig, monkey, or human to produce polyclonal antibodies. If desired, TF or the
FVIIa/TF complex can be conjugated to a carrier protein, such as bovine serum albumin,
thyrogiobulln, and keyhole limpet hemocyanin. Depending on the host species, varlous
adjuvants can be used to increase the immunological response. Such adjuvants Include, but
are not limited to, Freund's adjuvant, mineral gels (e.g., aluminum hydroxide), and surface
active substances (e.g., lysoleclthin, pluronic polyols, polyanions, peptides, oil emulsions,
keyhole limpet hemocyanin, and dinitrophenol). Among adjuvants used in humans, BCG (bacifif
Calmette-Guerin) and Comybacterium parvum are especially useful.



t herapeutically. Such antibodies may be sufficiently simlar in sequence to
human antibodies to be used directly In the fusion protein or i Bli re
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ant i bodi es wad3/p26@n sequences can be mnimzed by repl adOTgsowsiselies which
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I ndi vi dual residues or by grafting of entire conplenentarity determ ning
regions. Alternatively, humani zed anti bodi es can be produced using

reconbi nant met hods, as described in GB2188638B. Anti bodies that bind
specifically to TF or the FVIila/ TF conplex can contain antigen-binding
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I n vivo produc cyte’ po ation or by scteening Ig libraries
or pan&eguaice difiecgrices betweern radlebl antibodies arajuman sequetices icas bd minimtzed by
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| nvent imtagenesis otindividual gesidues or hy graftingtof eotie icoqplemiestarityadatermining regions.
Alternatively, humanized antibodies can be produced using recombinant methods, as described
in GB2188638B. Antibodies that bind specifically to TF or the FVila/TF complex can contain
antigen-binding sites which are either partially or fully humanized, as disclosed in U.S. Patent
5,565,332.

Alternatively, techniques described for the production of single chain antibodies can be
adapted using methods known in the art {6 produce single chain antibodies that specifically bind
to TF or the FVIla/TF complex, Antibodies with related specificity, but of distinct Idlotypic
composition, can be generated by chain shuffling from random combinatorial Ig libraries (Burton
(1991) Proc. Natl. Acad. Sci. USA 88:11120-11123).

Single chain antibodies also can be constructed using a DNA amplification method, such
as PCR, using hybridoma cDNA as a template (Thirion et al, (1996) Eur. J. Cancer Prev. 5:507-
511). Single chain antibodies can be mono- or bispecific, and can be bivalent or tetravalent.




than an anti body that can bind to and neutralize IF. Two such exanples are
active site inhibited factor FVila (FVilai) and tissue factorbp,athwa

I nhibitor (TFPI). Both FVIla and FVilai forma high affinity conpliex'with TF
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567-71). FVMIlai is a TF neutralizing @anticoagulant that acts by conpeting
w th endogenous FVIla for binding to exposed TF. FM lai inhibits the
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Both FVlla and FVilai form a high affinity complex with TF (Sorenson, B.B. and Rao,
L.V. (1998) Blood Coagui. Fibrinolysis 9(Suppl 1):867-71). FVllai is a TF neutralizing
anticoagulant that acts by competing with endogenous FVlla for binding to exposed TF. FVliai

inhibits the ability of proteolytically active FVila to form a competent FVIla-TF complex and in
this way inhiblts initiation of coagulation. By genetically fusing TM domains to FVllal, TM could
be targeted to TF-rich prothrombotic surfaces.

The ¢DNA encoding human FVIl has been isolated and sequenced (Hagen, H.S. ot &l.
(1986) Proc. Nall. Acad. Scl. USA 83(8):2412-2416, which is incorporated herein by reference).
The human FVII cDNA can be made by standard recombinant DNA techniques starting from
mRNA isolated from human liver. FVllai can be made by mutating the active site serine by
standard recombinant DNA techniques or by chemically treating catalytically active FVIla with a
paptidyl chloromethylketone, which imeversibly modifies and inhibits the active site.



soluble IF. Antibodies from TF bi ndi ng phage were overexpressed in E. coil
and affinity purified using an e-tag colum. The purified ant |J)qdu 8% Y|Le
further characterized using Bl Acore, a sTF dependent factor V+ [a assay
(sTF/ FVI | a we9392602a FX activation assay, and the PT assacTiSBissgguence of
the TF-bi nding scFv antibody, designated scFv(TF)3el0, Is shown in Exanple
1 and corresponds to SEQID NO 1. The isolation, production and
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soluble TF Antibodies from TF binding phage were overexpressed in E. colf and affinity

purified using an e-tag column. The purified antibodies were further characterized using
BlAcore, a sTF dependent factor Vila assay (sTF/FVlla assay), a FX activation assay, and the
PT assay. The sequence of the TF-binding scFv antibody, designated scFv(TF)3e10, is shown
in Example 1 and coresponds to SEQ ID NO:1. The isolation, production and characterization
of the TF-binding scFV antibody are described In greater detail below.

Thrombomodulin:

The TM domain(s) portion of the fusion protsin acts as a cofactor for thrombin catalyzed
activation of protein C, which in turn degrades factors Va and Vil!a thereby preventing further
thrombus formation. The demains of TM include e.g., the N-terminal hydrophobic region
domain, the EGF123 domain, the interdomain loop between EGF3 and EGF4, the EGF456
domain, and the O-glycosylated Ser/Thr-rich region domain. The EGF456 domain, in particular,
mediates thrombin binding and protein C activation (Kurosawa, S. ef a/. (1988), supra; and
Zushi, M. et al. (1989) supra). In preferred embodiments of this invention, the TM domain(s)



froma cDNA bank. For exanple, nessenger RNA prepared from endothelial cells
provides suitable starting material fromthe preparation of cRNA NMtYEHs
for maki ng cDNA banks are well known (see e.g., Sanbrook, J.F. of al.,

Mol ecul ar CGVOWB/082602A Laboratory Manuel, Cold Spring Har bectasisstory
(1989), which is herein incorporated by?reference). Fusion Protein: The

anti coagul ant fusion protein of this invention conprises a targeting protein
that binds to either TF or the FVila/ TF conplex, and which |Is operably
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suitable starting material from the preparation of cDNA. Msthods for making cDNA banks are

well known (see e.g., Sambrook, J.F. et al., Molscular Cloning: A Laboratory Manual, Cold

Spring Harbor Laboratory (1989), which is herein incorporated by reference).

Fusion Protein:

The anticoagulant fusion protein of this invention comprises a targeting protein that
binds to either TF or the FVlla/TF complex, and which is operably linked to the TM EGF456
domain alone or in combination with at least one other TM domain selected from the group
consisting of the N-terminal hydrophobic region domain, the EGF123 domain, the interdomain
loop between EGF3 and EGF4, and the O-glycosylated Ser/Thr-rich domain, or analogs,
fragments, derivatives or variants thereof. The fusion protein can comprise the targeting
protein linked with the domains of TM in any combination.




domai n(s), nore than one anal og, fragnent, derivative or variant of a T™M
domain(s) is fused to both the Ntermnal and the Cterm nal po'(twop%% a
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domai n('s) resent .1 nvent i on one or nore of
t he aﬁﬂﬁég%éntﬂ’f’?!é ifegpdsto bpth tbﬁb’s‘?ﬂﬂ'ﬁ@‘@ddwet t@iﬂWhB@WW@ amahgconserved
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both the N-terminal and the C-terminal portions of a single chain antibody, more than one
analog, fragment, derivative or variant of a TM domain(s) is fused to both the N-terminal and
the C-terminal portions of an IgG antibody, more than one analog, fragment, derivative or
variant of a TM domain(s) is fused to both the N-terminal and the C-terminal poriions of an Fab
antibody, one or more than one analog, fragment, derivative or variant of a TM domain(s) is

fused to both the N-terminai and the C-terminal portions of a dimeric singie chain antibody.

The fusion proteins of the present invention include the fusion proteins of Examples 2
(SEQ 1D NO:2} and 3 (SEQ 1D NO: 3), as well as those fusion proteins having insubstantial
variations in sequence from them. An “insubstantial variation” would include any sequence,
substitution, or deletion variant that maintains substantially at least one biclogical function of the
polypeptides of this invention, preferably cofactor activity for thrombin-mediated protein C
activation. These functionai equivaients may preferably include fusion proteins which have at
least about a 90% identity fo the fusion proteins of SEQ ID NOs:2 or 3, and more preferably at




wi th anot her conpound, such as a conpound to increase the half-life of the
fusion protein (for exanple, polyethylene glycol), or (iv) one IT Wi, C
additional amno acids are fused to the mature fusion protein, “such- As’

| eader or J¥QAFN60E sequence or a sequence which Is enpl mdjsﬁ;grsszz
purification of the mature fusion prot®n, or (v) one in which the

pol ypeptide sequence is fused with a |arger polypeptide, i.e., human

al bumi n, an antibody or Fc, for increased duration of effect. Such anal ogs,
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si de caglogs(Fragments) Defivativas andl Vafantd:sol euci ne) and aromatic side chains
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t hat | employed for purification of the mature fusion protein, or (v) one in which the polypeptide
sequence is fused with a larger polypeptide, i.e., human albumin, an antibody or Fc, for
increased duration of effect. Such analogs, fragments, derivatives, and variants are deemed fo
be within the scope of those skilled in the art from the teachings herein.

Preferably, the derivatives of the present invention will contain conservative amino acid
substitutions (defined further below) made at one or more pradicted, preferably nonessential
amino acid residues. A *nonessential® amino acid residue Is a resldue that can be aitered from
the wild-type sequence of a protein without altering the biological activity, whereas an
"essential” amino acid residue is required for biclogical 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,
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Variants include variants of fusion protéins enco y a pol ynucl eoti de
that hyMMdPeet 0 a pol ynudeotide of this Invention or a conpl enent
t hereof under stringent conditions. Such variants generally retain the

Moreover, preferred derivatives of the present invention include mature fusion proteins
that have been fused with another compound, such as a compound to increase the half-life of
the polypeptide and/or to reduce potential immunogenicity of the polypeptide (for example,
polyethylene glycol, “PEG"). The PEG can be used to impart water solubility, size, slow rate of
kidney clearance, and reduced immunogenicity to the fusion protein. See e.g., U.S. Patent
6.214,966. in the case of PEGylations, the fusion of the fusion protein to PEG can be
accomplished by any means known to one skilled in the art. For example, PEGylation can be
accomplished by first Introducing a cysteine mutation into the fusion protein, followed by site-
specific derivatization with PEG-maleimide. The cysteine can be added to the C-terminus of
the peptides. See, e.g., Tsutsumi et al. (2000) Proc. Natl. Acad. Sci. USA 97(15):8548-8553.
Another modification which can be made to the fusion protein involves biotinylation. In certain
instances, it may be useful to have the fusion proteln blotinylated so that It can readily react with
streptavidin. Methods for biotinylation of proteins are well known in the art. Additionally,
chondroitin sulfate can be linked with the fusion protein.
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varous sizes of the fusion proteins of this invention.

Variants include fusion proteins, as well as targeting proteins and TM domain(s}), that
differ in amino acid sequence due to mutagenesis. Variants that have cofactor activity for
thrombin-mediated protein C activation can be |dentified by screening combinatorial librarles of
mutants, for example truncation or point mutants, of the fusion proteins or TM domain({s} of this
invention using the protein C activation assay described In Example 5, Variants that héve TF-
or FVlla/TF complex-binding activity can be identified by screening combinatorial libraries of
mutants, for example truncation or point mutants, of the fusion proteins or targeting proteins of
this invention using the sTF/FVIla assay or FX activation assays of Example 5 described In
Example 5. In addition, bioequivalent analogs of the fusion proteins may also be constructed
by making various substitutions on residues or sequences in the TM domain(s) portion of the
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(1984b) Science 198:1056; Ike et al. (1983) Nucleic Acid Res. 11:477).

Several techniques are known in the art for screening gene prociucts of combinatorial
libraries made by point mutations or truncation, and for screening cDNA libraries for gene
products having a selected property. Such techniques are adaptable for rapid screening of the
gene libraries generated by the combinatorial mutagenesis of fusion proteins, as well as
targefing proteins and TM domain(s), for cofactor activity for thrombin-mediated protein C
activation or TF- or FVtla/TF complex-binding activity. The most widely used techniques, which
are amenable to high throughput analysis for screening large gene libraries typically include
cloning the gene library into replicable expression vectors, transforming appropriate cells with
the resulting library of vectors and expressing the combinatorial genes under conditions in
which detection of a desired actlvity facilitates isolation of the vector encoding the gene whose
product was detected. Recursive ensemble mutagenesis (REM), a technique that enhances
the frequency of functional mutants In the libraries, can be used in combination with the
screening assays to identify the desired variants,




the TM domai n(s) by reconbi nant neans such as through the use of reconbi nant
DNA techniques to produce a nucleic acid which encodes both the tagrggtin
protein and the polypeptide encoding the TM donai n(s) and expressi ng éﬁﬁ
DNA sequence0bmozsétzost cell such as E. coil or a mamul i axcTasbi/izshe DNA
encoding the fusion protein may be clomed in cDNA or In genomc formby any
cl oning procedure known to those skilled in the art. See for exanple,
Sanbrook, J.F. et al. (1989) supra. In the case where the targeting protein
is an anti body, once a DNA sequence has been Identified that encodes a Fv
regi on whi ch when expressed shows specific binding activity, fusion

prot ei nsogmgﬁsigmgﬁdnﬁhs;l:v regi on may be prepared by nethods known to one

of skill e art. Th for exa Chaudhar V.K. et al. (1989)
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t ar get glRtara@etsidy, gHle fikee TM donain(s) or to facilitate nobility between
these regions to enable themto each attain their optinmm conformation. The
DNA sequence conprising the connector may al so provi de sequences (such as
primer or rpsd mbfd préfeneleftbodintent, fﬂ@ﬂafgehﬁé BrofeirP8¥ thid ilentiBhYca e ¥Gdedaot he

bet ween the sequence encoding the targeting moiety and the
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wi |l beaches ileektﬁ Uce alriierf: Stid ﬁilﬂtﬂ éndoﬂeé Bith Beltargetidg frofdil aORe VO
031092602 803113522 24 In the present |Invention, |inker sequences can

be use8o¥RsPl qfgiecthe Tdvhsggeaing ﬁba"ﬂr%P@Sﬁ"’g {he BNA seauaTee Brahest 5§l sUCR one

pref er agg. @dlmtél rﬁ@rﬂhaﬁ’én e The W’éncb&ﬁ@ﬂ{e'fﬁﬂon b?&bir‘l hﬂ?% clorBdlINCHRGS are
used in constructl ng}ba fusi.on rote| n conprised | e chai n anti body

and t RENBRNemleEn By amy ‘Ho%ﬂ’ﬁip ﬁ%dqr?\l‘@“ﬂ'dﬁﬁ?%elsb'ﬂ?ﬂ lﬂé’ﬂ nSefos and EGF4

( TMLA5@xampié esanibirbsk, JIF. Bk &r, t1oggwepry and fight domains of the single chain
antibody. The first |inker sequence Is 5 amino adds In Iength. It will be

apparent that other short |inker sequences, fromO to 10 amino adds may be

used. The smﬁ@daéem@émeﬁtaf RS ah%‘r‘x&tﬁﬁc?/%hdefa BNA2 BOhashéknl | Nker
GE@ gl)'Rll t will bem;&?mgrent tont hose of

t hat ks t ant i bod omai n('s
ski | | qﬁ? P?Fgeé Y Fr‘é??ﬁ WY EIN xpreresd Loy spedle bipdngactiided and still
resul t qulbnaprcf:tUﬁnts eBmphghg tHat Ptegionmedytid Yrepared by methods known to one of skill in

the art. Thus, for example, Chaudhary, V.K. ef &/. (1989) Nature 339(6223); 394-397; Batra,
J.K. ef 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. Scl. USA
87(3):1086-1070, all incorporated by reference, describe the preparation of various single chain

antibody fusion proteins. The Fv region may be fused directly to the TM domaln(s) or may be
joined via a linker sequence. The linker sequence may be present simply to provide space
between the targeting moiety and the TM domain(s) or to faciiitate mobility between these
regions to enable them to each attain their optimum conformation. The DNA sequence
comprising the connector may also provide sequences (such as primer or restriction sites) to
facllitate cloning or may praserve the reading frame between the sequence encoding the
targeting moiety and the sequence encoding the TM domain(s). The design of such connector
peptides will be well known to those of skill in the art.



anticoagul ant activity and the activation of protein C. Mdifications of the
existing linker will be ained at maxim zing the enhancement of —pfof@¥myGs
activation on TF-contai ni ng phospholipid surfaces. In a preferred approach,
t he singl e wbal2602t i body was prepared using a phage di spleggrusod/imszry. | n
the first step of constructing a phagexdi splay library, the variable genes
(WH (from I1gM V. and VL) were PCR cl oned from pool ed nRNA from hunan bone
marrow, |ynmph node and spleen using a set of famly specific primers. The
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i nvent sonfgces. PCR fragnent containing the TML456 sequence (with M388L and
H381 G nutations) flanked by Noll sites was subcloned into the Noti site of

pz612/ 3e10 (a bacterial expression vector for scFv(TF)3el0 based on
pCANTABS f r bva pleferred@pplaachidhesingle phain anthatip was peparedtusing H\phage tisplag  of t he

dosi o, T 1He sttt SolHRIRhACE D ARG A rbBRefioe Fasfoe. ami no
aci d pagiV,.amd My)eene RCR cibhed feoril bbaladi mRNA foom blmah bbtemartew, Ignph hade  of t he
a1 00" 380 S o R o A SR BT e
site | pZést-vie@Bxt 0 and pZbOHY, (3.2x107) libraries represent a permanent and high diversity

of V genes. The Vy genes were amplified from pCITE-Vy library. The V. and Vi genes were

PCR amplified from the pZ804-V, and pZ604-V,_ library with reverse J,; and linker sequence at

the §'end. The gel purifled Vy,, V., and V, containing PCR products were then spilced together

to make the scFv gene repertoire. The scFV gene repertoire was cloned to a phagemid vector

pZ603, and the ligation product was electroporated into competent TG1 £, coli cells to generate

the scFV phage display library, HuPhabL3, with 5.2x10° individual transformants (Kay, B.K. st

al. (1996) Phage Dispiay of Peptides and Proteins: A Laboratory Manual, Academic Press, San

Diego CA; Marks, J.D. et al. (1991) J. Mol. Biol. 222(3):581-597; Sheets, M.D. et al. (1998)

Proc. Natl. Acad. Sci. USA 95(11).6157-6162}.

In a preferred embodiment of the present invention, a single chain antibody
{(scFv(TF)3e10) was prepared which has a single VWV, binding site for TF. The amino acid
sequence of scFy(TF)3e10 (SEQ ID NO:1), is depicted in Example 1.



sequence and the a-tag sequence. This generated a bacterial expression
construct (pKMLO1) for a fusion protein conprised of the scFV(TF)a ﬁQ,, 2@,‘
Da

15 amno acid linker -TM 456, followed by the a-tag sequence era
mamal i an ax@o®®aéan vector a PCR fragment was first gengggiygesizam t he
pKMLO1 tenplate. This fragment was desisgned for ligation into the Stui Mscl
sites of the TM expression vector pTHR525. This generated a vector (pKML13)
that had the Solulin si gnhal sequence fol I owed by the sequence for the
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resi st éﬂdteasa 851 @ p 5&%@ 8, 1o @mingaeid lkrken epparating the Vi and

Vy domains and another 15 amino acid linker separating the V, domain from the TMi456. The

linker separating the Vy and V| was decreased to 5 amino acids to drive the formation of a

higher avidity dimer, referred to as pHM115.5. The fusion protein encoded by pHM115.5,

scFv(TF)3e10-TMid456 (SEQ ID NO: 2), is depicted in Example 2. An additional vector,

pKM125, was generated using standard recombinant DNA tachnology by deleting 3 amino

acids (GAP) between the 5 amino acid linker separating the V}, and V. domains and deleting

the e-tag at the C-terminus of the fusion protein. The resulting fusion protein, scFv(TF)3e10-

TMi456A (SEQ 1D NO:3), is deplcted in Example 3.

Expression and Purification of Fusion Proteins:

There are several ways to express the recombinant fusion proteins in vitro, including E.
cofi, baculovirus, yeast marmmalian cells or other expression systems. Methods for the
expression of cloned genes in bacteria are well known. To obtain high level expression of a
cloned gene in a prokaryotic system, [t is essential to construct expression vectors which



O the higher eukaryotic cell systens useful for expression of.t?e ;‘zs@zn
proteins and anal ogs, thereof, there are nunerous cell systern;"toNé | di§b

from Illustrative exanples of nmanmmalian cell lines include but are not
limted to VWAPR0IZEB2, VERO and HelLa cells, Chinese hanst ®CTmsa3/18582CHO cel |
lines, W38, BHK, COS-7, Cl127 or MDCK Zell lines. A preferred mammualian
cell lines is CHL-1. When CHL-1 is used hygronycin is Included as a

eukaryotic selection marker. CHL-1 cells are derived from RPM 7032
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trypto [ GCoeddel , D.V. of at (1980) Nucl. Acids
Res. ?‘f@@ 2?% Gﬁ)ﬁﬂg aaﬁ'ﬁséoﬁmé’%ﬂ % (Manlatis, T. of at, Ml ecul ar
Cl oning: A Laboratory I\/anual Cold Spring Harbor Laboratory (1982)).
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the thrombomodulin cofactor activity when expressed in E. coli although both activities were still

present. 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, sclubilization and

subsequent refolding of the inclusion bodies Is usually required.

Many prokaryofic expression vectors are known to those of skill in the art such as
pKK223-3 (Pharmacla Fins Chemicals, Uppsala, Sweden), pKK233-2 {Clontech, Palo Alto, CA,
USA), and pGEM1 (Promega Biotech, Madison, WI, USA), which are commercially available.

Promoters commonly used in recombinant microbial expression systems include the
beta-lactamase (penicillinase) and lactose promoter system {Chang, A.C. et al. (1978) Nature




expressed in yeast hosts such as Saccharonyces cerevislae. It usually gives
the ability to do various post-translational nodifications. The_e¥ﬂﬁ@§s,g]ﬂ
fusi on protein can be secreted into the culture supernatant where'nbt! n:iaz§
ot her prot a¥@9838%e2de, naking purification easier. Yeast PCaFASos/B5i0r
expression of the fusion proteins in t#¥ s invention contain certain

requi site features. The elenents of the vector are generally derived from
yeast and bacteria to permt propagation of the plasmd in both. The
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Manmal ﬁ'{gﬁ(eg'xﬁ[;r e és#gﬁﬁ\bgg%g?%% %@m%i@#ﬂ%ﬁﬁg rgg%%%?%ggi Q:ﬁ@fee%rq s such as
an ori gierkesfa propiotes caridantranscdptionaterminbirnhancer, and 5 or 3' nontransl at ed
sequences such as ribosone binding sites, a polyadenylation site, acceptor

site and splice donor, and transcriptional term nation sequences. Pronpters
for use in Hetabia pramotexpingeastarciors fougpression OBige 2eOpropCRTs ISUTRABGE®, 28

Ly, Bottl ovahif ogil. agBAashalict bt BFNGH) el DBk afe. 8L g™
on t heP@Rtars invelved yih the giveglytio pathway, sucheas tha pramaiercafepolase,econbi nant
( lﬁfnggggﬁgh@mp%pﬁ%%wag@{mw B HSsphBgipidrate!iHaRe PhGRPNVeENt i onal
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 Holland, M.J. and Holland, J.P. (1978) Biochemistry

17(23):4900-4907).

Commercially available yeast vectors include pYES2, pPIC9 (Invitrogen, San Diego,
CA), Yepc-pADH2a, pYcDE-1 (Washington Research, Seattle, WA), pBC102-K22 (ATCC #
67255), and YpGX265GAL4 (ATCC # 67233). Mammalian cell lines inciuding but not limited to
COS-7, L cells, C127, 3T3, Chinese Hamster Ovary (CHO), HeLa, BHK, CHL-1, NSO, and
HEK283 can be employed to express the recombinant fuslon proteins In this invention. The
recombinant proteins produced in mammalian cells are normally soluble and glycosylated and
have authentic N-termini. Mammalian expresslon vectars may contain non-transcribed
elements such as an origin of replication, promoter and enhancer, and &' or 3' nontranslated
sequences such as ribosome binding sites, a polyadenyiation site, acceptor site and spiice
donor, and transcriptional termination sequences. Promoters for use in mammalian expression



used for protein purification. These include: inmmunoaffinity chromat ography,
reverse phase chromatography, cation exchange chromatography,-4nlidi 7{3;
exchange chromat ography, hydrophobic interaction chromatography, gel
filtrationwapyemedgr aphy, and HPLC If the expression syPCFUSSEFSSE es the
fusion protein into the gromh nedia, ¥he protein can be purified directly
fromthe nedia. If the fusion protein is not secreted, it is isolated from
cell lysates. Cell disruption can be done by any conventional nethod,
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Phar maceuti cal Conpositions: The invention al so provides pharmaceuti cal

conpositions which can be adm nistered to a patient to achieve a
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conposi tions, I ntrave mnistration”or ut aneous admni stration
or int mﬂihlm;a'[he mﬁm@ereaprﬁasion level of thisopaletisrewares mdllbed f usi on proteins
preferably will be conmbined with an acceptable sterile pharnmaceuti cal

carrier, such as five percent dextrose, lactated Ringers
The fusion construct contains the e-tag sequence at the C-terminus of the protein, Anti-

e-tag affinity columns were purchased from American/Pharmacia Biotech. Cell culture media
was filtered through a 0.22 um filter and loaded into 5 ml e-tag column at 2 ml/min. The column
was washed with 0.2 M phosphate buffer 0.05% NaNs, pH 7.0, and then collected into tubes
contalning 0.1 volume 1M Tris buffer, pH 8.2 to neutralize the elution buffer. Alternately, the
filtered culture medium was loaded onto a protein A column. in this case, the column was
washed with 50 mM citric acid, 300 mM NaCl, pH 6.5 and eluted with the same buffer at pH 3.0.
In both cases, the purifled samples were subsequently loaded onto a Sephadex 200 column to
separate monomer from dimer forms of the fusion protein.

Pharmaceutical Compositions:
The Invention also provides pharmacsutical composlitions which can be administered to

a patient to achieve a therapeutic effect. Pharmaceutical compositions of this invention can be




solution, normal saline, sterile water, or any other comercially ared
physi ol ogi cal buffer solution designed for Intravenous infus) ST % 111 be
understood that the selection of the carrier solution and the dosage and
adm ni st r atwown3/meétzhe conposition will vary with the subj ectrasoshisie
particular clinical setting, and will #e governed by standard nedi cal
procedures. In accordance with the nethods of the present invention, these
pharmaceutical conpositions nay be adm nistered in anounts effective to
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I ntravenous adm nistration. The conpositions for admnistration wll
commonly co | ' t singl e. chain .antihody or .a.fusion
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can beg%ggg@gggéé%% erlg's gg%gbngz%ﬁff{?@ tﬁ'ﬂ(nef.ﬁa\é%ggté solutions are
sterile and generally free of undesirable matter. The conpositions nay be

sterilized | | 1. kn erdli lon technjgues. A typical
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activated partial thromboplastin time (PT) on serial samples of blood taken from patient. The
coagulation time observed in this assay is prolonged when a sufficient level of the fusion protein
is achieved in the circulation.

The recombinant fusion proteins and pharmaceutical compositions of this invention are
useful for parenteral, topical, intravenous, oral or local administration. The pharmaceutical
compositlons can be administered in a variety of unit dosage forms depending upon the method
of administration. For example, unit dosage forms ¢an be administered in the form including
but not limited to tablets, capsules, powder, solutions, and emulsions,

The recombinant fuslon proteins and pharmaceutical compositions of this invention are
particularly useful for intravenous administration. The compositions for administration will
commonly comprise a solution of the single chain antibody or a fusion protein comprising the
single chain antibody dissolved in a pharmaceutically acceptable carrier, preferabiy in an



are described In nore detail In such publications as Rem ngton's

Phar maceutical Science, 150" ed., Mack Publishing Conpany, Eastgm.y ?9{]6
(1980). The conpositions containing the present fusion proteins or a
cocktail theoeuds2z. e., with other proteins) can be adm wcshRIRBsAS
therapeutic treatnents. In therapeutic3applications, conpositions are

adm nistered to a patient suffering froma bl eeding di sorder or disease in
an anount sufficient to cure or at |east partially arrest the bl eeding. An
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Therapy: A fusion protein o e I nvention be e oye
accordance with the present invention by expression of such fusion protein
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the dosage and frequency as required and tolerated by the patient. In any event, the

composition should provide a sufficient quantity of the proteins of this invention to effectively

treat the patient.

~ The fusion proteins of the invention, or their pharmaceutically acceptable compositions,
are administered in a therapeutically effective amount, which wiil vary depending upon a variety of
factors including the activity of the specific fusion protein employed; the metabolic stability and
length of action of the fusion protein; the age, body weight, general health, sex, and diet of the
patient, the modse and time of administration; the rate of excretion; the drug combination; the
severity of the particular disease-states; and the host undergoing therapy. Generally, a daily
therapeutically effective amount is from about 0.14 mg to about 14.3 mg/kg of body weight per
day of a fusion protein of the invention, or a phamaceutically acceptable composition thereof;
prefarably, from about 0.7 mg to about 10 mg/kg of body weight per day; and most preferably,
from about 1.4 mg to about 7.2 mg/kg of body weight per day. For exampie, for adiministration to
a 70 kg person, the dosage range would be from about 10 mg to about 1.0 gram per day of a




encoding for the fusion protein ex vivo, the engineered cells are then
provided to a patient to be treated with the fusion protein. iﬁﬁﬂfngthods
are well-known In the art. For exanple, cells may be engineér b 2005
procedur es WO0¥#92¢02 t he art by use of a retroviral particlpeTasoyssni ng RNA
encoding for the fusion protein of thedlpresent invention. Local delivery of
the anti coagul ant fusion proteins of the present Invention using gene

t herapy nmay provide the therapeutic agent to the target area, the
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gene tr ns{er. Se, e.g., WIff at al. (1990) Science 247: 1465-1468; 2)
Uposone-nedi ated DNA transfer. See, e.g., Caplan at at (1995) Nature Med.
3:39- Hne Thié | (1995) Nature Med. 1:15-17; Gao and Huang (1991) Bi ochem
Bi ophys- . nm 179: 280-285; 3) Retrovirus-nedi ated DNA transfer, See,
e.g., Kay ah fedion gra@86yf e invention 268 dsobe enifoyedrinl accordancd 988 theSresamt e
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4, 797 I reference n \ ent. . , ,
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2006 o 0310 Y S husd okt uBlonahERAR afRsty PR D ertave been
ext ens thesdpy paypiodde thedherapelticragentrto thedargef argatbe ehduthealipl/cedlp fibing blbodns,
t hese VESLRIS are generally unsuited for infecting non-dividing cells. In

addition, rétroviruses have the potential for oncogenicity. However, recent
devel oprent Bothrin vifre andliirevido génd thearapy methiodelegieoare coatemplatedinSevetal sone of

these lrﬂémédgtfér%ﬁsfe%% dg?én(?l'aﬁy thglapgﬁtic gg%egsgtg)daﬂr%ccj gerﬂ%%pl%gt%dn%%%é %n%n.
See, e.g., Mulligan (1993) Science 260:926-931. These methods include:

1)} Direct gene transfer. Se, e.g., Wolff ot al. (1990) Science 247 1465-1468,;

2) Liposome-mediated DNA transfer. See, e.g., Caplen of al. (1995) Nature Med. 3:39-
46, Crystal (1995) Nature Med. 1:15-17; Gao and Huang (1991) Biochem. Biophys.
Res. Comm. 179:280-285;

3) Retrovirus-mediated DNA transfer. See, e.g., Kay et al. (1993) Science 262:117-
119; Anderson (1992) Science 256:808—'&13.

4) DNA Virus-mediated DNA transfer. Such DNA viruses include adenoviruses
(preferably Ad2 or AdS based vectors), herpes viruses (preferably hempes 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.g., All et al. (1994) Gene Therapy
1:367-384; U.S, Patent 4, 797,368, incorporated herein by reference, and U.8.
Patent 5,139,941, incorporated herein by reference.

The choice of a particular vector systemn for transferring the gene of interest will depend
on a variety of factors. One important factor is the nature of the target cell population.



Retroviruses fromwhich the retroviral plasm d vectors herel nabove nenti oned
may be derived include, but are not limted to, Mloney Miring H@szgﬂﬁa
Virus, spleen necrosis virus, retroviruses such as Rous Sarconma

Har vey Sar owgeaddzénzs, avi an | eukosis virus, gibbon ape | e¢hrasomisiy us,
human i mmunodefi ci ency virus, adenoviris, Meloproliferative Sarcoma Virus,
and mammary tunor virus. In one enbodinent, the retroviral plasmd vector Is
derived from Mol oney Mirine Leukem' a Vi rus Adenovi ruses have the advant age
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site- sﬁ&eﬁ tion on hunman chronosonme 19 (Ali et at (1994), supra,
p. 377). In a preferred enbodi ment, the DNA encoding the fusion proteins of
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I nvention may be used in accordance with this enbodi nent. The techni ques
for constructing such a vector are known. See, e.g., Anderson, WF. (1998)
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insertional mutagenesis is greatly reduced. Ali et al. (1994), supra, p. 373.

Adenc-associated viruses exhibit similar advantages as adenoviral-based vectors.
However, AAVs exhibit site-specific integration on human chromosome 19 (Ali of al. {(1894),
supra, p. 377).

| In a preferred embodiment, the DNA encoding the fusion proteins of this invention is
used in gene therapy for disorders including, but not limited to, deep vein thrombosis,
disseminated intravascuiar coagulation, acute coronary syndrome or cancer with evidence of
coagulopathy.

According to this embodiment, gene therapy with DNA encoding the fusion proteins of
this invention is provided to a patient in need thersof, concurrent with, or immediately after

diagnosis.

The skilled artisan will appreciate that any suitable gene therapy vector containing DNA
encoding the fusion protein of the invention or DNA encoding analogs, fragments, derivatives or




human cyt omegal ovirus (CVM pronoter described in MIler etal. (11989)

Bi ot echni ques 7(9):980-990, or any other pronoter (e.g., cel+ul HlG'y’pQ@ﬂH)t ers
such as eukaryotic cellular pronoters Including, but not limted to, the

hi stone, paYoDb3e6tand [!,-actin pronoters). OQther viral pcomsoEs2awhi ch nmay
be enpl oyed include, but are not Iimt¥d to, adenovirus pronoters,

t hym di ne ki nase (TK) pronoters, and B19 parvovirus pronoters. The sel ection
of a suitable pronoter will be apparent to those skilled in the art from
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and then - 1 NOV 2CG WO 03/092602 PCTI US03/ 13522 34 adm nistered to a
host. The producer cell |line generates infectious retroviral vector
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promoters; viral thymidine kinase promoters, such as the Herpes Simplex thymidine kinase
promoter; retroviral LTRs (including the modified retroviral LTRs hereinabove described); the -
actin promoter; and human growth hormone promoter.

The retroviral plasmid vector is employed to transduce packaging cell fines to form
producer cell lines. Examples of packaging cells which maybe transfected include, but are not
limited to, the PE501, PA317, y-2, y-AM, PA12, T19-14X; VT-19-17-H2, wCRE, yCRIP, GP+#-
86, GP+envAm12, and DAN cell lines as described in Miller (1990) Human Gene Therapy 1:5-
14, which is Incorporated herein by reference in its entirety. The vector may transduce the
packaging cells through any means known in the art. Such means include, but are not limited
to, electroporation, the use of liposomes, and CaPQ, precipitation. In one altemative, the

retroviral plasmid vector may be encapsulated into a liposome, or coupled to  lipid, and then




A different approach to gene therapy is "transkaryotic therapy” wherein the
patient's cells are treated ex vivo to induce the dornmant ch'rde)%‘én.%ﬂHEgenes
to produce the protein of Interest after reintroduction to the patient.
Tr anskar yotwo os/me2s@py assunes the individual has a nornalpcaarsos/essent of
genes necessary for activation. Transkayotic therapy Involves Introducing
a pronoter or other exogenous regul atory sequence capable of activating the
nascent genes, into the chronosormal DNA of the patients' cells ex vivo,
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Kits:

This invention further relates to kits for research or diagnostic purposes. Kits typically
include one or more containers containing the single chain antibodies of the present invention.
in a preferred embodiment, the kits comprise containers containing single chain antibodies in a
form suitable for derivatizing with a second molecule, e.g., TM domain{s} or fragments thereof.
in a more preferred embodiment the kits comprise containers containing the fusion proteins of
SEQ ID NO:2 or SEQ ID NO:3. |

In another embodiment, the kits may contain DNA sequences encoding the fusion
proteins. Preferably the DNA sequences encoding these fusion proteins 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 E;ell. The
plasmid may also contain appropriate restriction sites to facilitate the insertion of other DNA
sequences into the plasmid to produce various fusion proteins. The plasmids may also contain
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Assays:

A number of laboratory assays for measuring the TM actlvity of a fusion protein of the
invention are available. Protein C activity can be measured in the assay described by Salem,
H.H. et al. (1984), supra, and Galvin, J.B. ef al. (1987} J. Biol. Chem. 262(5):2139-2205. In
brief, the assay consists of two steps. The first step is the incubation of the test fusion protein
with thrombin and protein C under defined conditions. In the second step, the thrombin is
inactivated with hirudin or antithrombin 1ll and heparin, and the activity of the newly activated
protein C is determined by the used of a chromogenic subsirate, whereby the chromophore is
released by the proteolytic acilvity of activated protein C. This assay is carried out with the
purified reagents.

Alternately, the effect of a fusion protein can be measured using plasma clotting time
assays such as the activated partial thromboplastin time (APTT), thrombin clotting time (TCT)



assays are then used to evaluate other activities of native TM such as

i nhibition of thronbin catalyzed formation of fibrin fromflJJqlpnp\gegnﬂs
(Jakubowski, H V. et at. (1986) J. Blot Chem 261(8): 3876- 3882)

i nhi bi ti on Y 0¥YMe@RAbIi n activation of factor V (Esnon, C. TPCOAUSeN135221982). J.
Bl ot. Chem 257(14):7944-7947), accel e¥ated inhibition of thronbin by
antithronbin Il and heparin cofactor Il (Esnmon, N L. at of. (1983) J.

Bl ot. Chem 258(20): 12238 12242), inhibition of thronbin activation of
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In carrying 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
not intended to be limiting, but are to be read so as to include all related materials that one of
ordinary skill in the art would recognize as being of interest or value in the particular context in
which that discussion is presented. For example, It is often possible to substitute one buffer
system or culture medium for another and still achieve similar, if not [dentical results. Those of
skill in the art will have sufficient knowledge of such systems and methodologies so as to be
able, without undue experimentation, to make such substitutions as will optimally serve their
purposes in using the methods and procedures disclosed herein.

The present invention will now be further described by way of the following non-limiting
exampies. in applying the disclosure of the example, it should be kept clearly in mind that other




In the foregoing and in the follow ng exanples, all tenperatures are set
forth uncorrected in degrees Celsius and, all parts and percen 4*.%52%[}3 by
wei ght, unless otherwise indicated. The entire disclosure(s) of

appl i cati oneQ opetent s and publications, cited above are Irelmjgyyigsnor por at ed
by reference. The foll owi ng exanples ase provided as a guide to assist in
the practice of the Invention, and are not intended as a limtation on the
scope of the invention. EXAMPLE 1 Single Chain Anti-TF Anti body Construct

& L eired tahiboinent o the eliods distiped acoarting 40 theresay PVein KIS | £ L £

WV S ddibt suggEsthéinseimsTto hoke Af ﬁllﬁn\hdﬁ'e@v&ﬂ%rﬂ' | SRD NSKNTLYLOQM
NSLRAEDTAVYYCA RVLSLTDYYWYGMDVWGQGTLVTYV
SAGGGGSGAPNFMLTQPHSVSASP GKTVTI SCTRSSGS
\S/ /|°\ [S) _\I{ Y \Withdt farfRer Qabbritidn, Bishdlevedithat dne‘ékﬁecﬂn%hd&hﬂ?cﬁl asihgthd® D R VFVSFGG
GGTR® Eed%&FESE”RgSﬂ ‘;&TEP Eﬁekfﬁﬁevﬁﬁ"eﬁla?“ Bﬁﬁ A"f’é‘ ?’“ﬁ“ATE ?%WE‘Q P’?NB 2006

38 _Thes?uﬂg bmb_&d(fjlﬁieﬁtsEH?éS Ithé'rﬁfgiéltt% b@gohsao&yéélr &%T%#E@Hbahﬁmatamﬁgt s of
a sign | - to -1). ' I N to I nker to
131), %Efﬂﬁﬁﬁé%f&“@?‘i’i’sﬂ@é??néway“’gatﬁ%@e equence (247 to 264). EXAMPLE 2
Fusion Protein Construct 1- scFv(TF) 3e10 T™ 456 scFv(TF) 3el10 VH Vvt. TM 456
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G G S L R Ln&edorgring aa F“@erf@"?wtﬁ'% e ?)M?/“RSQ‘ AesFaféSR f° LEWVSSI S
G S G déncorrdcterd M degfees Ceidiudar, Bl arts dndipekeMageiatd by weight, unless otherwise

indicated.

The entire disclosure(s) of all applications, patents and publications, cited above are
hereby incorporated by reference.
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The following examples are provided as a guide to assist in the practice of the invention,
and are not intended as a limitation on the scope of the Invention.

EXAMPLE 1
Single Chaln Anti-TF Antibody Construct scFv(TF)3e10

(-18) M L ¢ V L V L, @ A L A L A B L VvV F P E M A Q
V N L RE @& ¢ TJLVQVPOGSG &L RUIL 8 CAA A S
¢ F 8 FT D AUWMSWVYVRQAUPGI KTETLTEWUV S
$ I 8 G 8 ¢ 6 8§ T Y YA G S YV KGRV FTTI S RD
N §$ KX N T L ¥ L Q M NS LR AEUDTA AUV Y Y C A
R VL S L T D VY Y W Y E&MUDVWGEQGG&TTULV TV
S A G G 6 G S GA P NF ML TOQUPHS V S A S P
G KTV T I S CTU® RS S8 6 8 VA S Y Y V Q W Y Q
Q R P @ S8 & pT TV I Y EDUZNUHRUPS GV P DR
F S8 G S ¥ DTS SN S A 8L TTIS G L KTTETDE
A DY Y ¢C Q S ¥YDSNNILV YV F G G GETI KTULTV
L G A A A G APV P Y P D P L EP R A A (264)




TLYLQMNSLRAEDTAVYYCARVLSLTDYYWYG MDVWGAQ
GTLVTVSAGGGGSGAPNFMLTQPHSVS ASPG:jE;n.EHQESC
TRSSGSVASYYVOQWYQQRPGSSP TTVI YEDN e V P
DRFSGSI DTSSNSASLTI SG LKTEDEADYYCQSYDSNN
LVVFGGGTKLTVLGA AAGGGGSGGGGSGGGGSVEPYDP
CFRANCEYQC QPLNQTSYLC“VCAEGFAPlPGEPHRCQL
FCNQTA CPADCDPNTQASCECPEGYI LDDGFI CTDI DE
CE NGGFCSGVCHNLPGTFECICGPDSALAGQIGTDCA
A A GA PV PYRBRIgRRAAMI0ITF Bntocsly SoRVTTF) 30 ISETID naent:amisnmorparsigraln SEQ I D
NG 2) con X 2 H VL
i nker (1 m(%ﬁcfﬁwag}"ﬁg?ﬂ{d(égh \4"’1@1‘% (12 o 12V SR (?:{34594% %4)

TM 456 doRdagseapence $4)- and e-tag sequence(383to 400) The H381G

M388L, R456G and H457Q rrut atlons in TM 456 are underlined. 39 " 1 ~V~r iuu
EXAMPLE 3 Fusion Protein Construct 2 - scFv(TF)3el0-TM 456 scFv TF13el0 VH

VI, TM456 (-18) MLGVLVLGALALAGLVFPEMAQVNLRESGG
TLVQPGGSLRLSCAASORSAMALEP2A WMSWVRQAP GKELEW
VSSI SGSGGSTYYAGSVKGRFTI SRDN SKNTLYLQMNS
LRAEDTAVYY Fusien Preteid Comstiuet I\- scPvTE)3MBTMIMSE Q GT L VTV S A
GGGGSNFMLTQPHS VSASPGKTVTI SCTRSSGSVASYY
VOWYQQRP GSSPTTVI YEDNHRPSGVPDRFSGSI DTSS
NSAS LTI SGIsch(TFHEDEADYYCQSYDSNNLVVFGGGTK L
TVLGAAAGG SG G S G SVEPVDPCFR ANCEYOQC
QPLNQTSY \Ri4s€ GEPHRC QLFCNQTACPAD
CDPNTQAS PESY¥|! LDDOF | CTDI DECENGGFCSGV
CHNLPGTFECI CGPDS ALAGQI GTDC (379 The

SCPvV(TE AR @50 LU91 RRGPACLEATL (RRRIL R OPE RPISIEN 9L & ¥ §16lG T

LVOQPGGSLRLSCAASGFSFTDAWMSWVRQAPGK
ELEWVSSISGSGGSTYYAGSVKGRFTISRDNSKN
TLYLQMNSLRAEDTAVYYCARVLSLTDYYWYG
MDVWGQGTLVTVSAGGGGSGAPNFMLTQPHSVS
ASPGKTVTISCTRSSGSVASYYVQWYQQRPGSSP
TTVIYEDNHRPSGVPDRFSGSIDTSSNSASLTISG
LKTEDEADYYCQSYDSNNLVVFGGGTKLTVLGA
AAGGGGSGGGGSGGGGSVEPVDPCFRANCEYQC
QPLNQTSYLCVCAEGFAPIPGEPHRCQLFCNAQTA
CPADCDPNTQASCECPEGYILDDGFICTDIDECE
NGGFCSGVCHNLPGTFECICGPDSALAGQIGTDC
AAAGAPVPYPDPLEPRAA @0

The scFv(TF)3e10-TMi456 fusion protein (SEQ ID NO:2) consists of a signal peptide
(-18 to -1), Vi3 domain (1 to 126), Vy-Vy linker (127 to 131), Vi domain (132 to 246), V-
TM linker {247 to 264), TMi456 domain (265 to 382), and e-tag sequence (383 to 400). The
H381G, M388L, R456G and H457Q mutations in TMi456 are underlined.




(-18 to -1), VH domain (I to 126), VH VL linker (127 to 131), VL domain (132
to 243), VL- TMIlinker (244 to 261), and TM 456 donain (262 to 379). The
H381G MB88L, R456G and H457Q nutations in TM 456 are underli ne&@)ﬂ%\l;\% 4
Expression of the Fusion Protein in Baéfleriali Manmallan Cells rl (0

03/ 092602 PCT/ US03113522 40 Bacterial expression was possible, but it
yielded a protein that had a nuch reduced TM cofactor activity. The fusion
protein was expressed in CHO cell S-E ﬁ)fﬁrg,essi on plasmd contains both

t he hygronycin B and DHFR sel ectionmarkers.” Origi nal selection was done in
400 gg/ m hygronyci n FasieePeeteinCoastvhétd ORFv(T®3EEETMi45e popul ation was
then subjected to 100 nM nethotrexate selection. During this selection,
cells that have anpicFliTEBeto®pi es of the region of DNA containing the

sel ection marker | _and target ge¢ne, are selected from anongst the

popul ation. The &xpressi op—+evel s—were-lncreased from approximately 0.3 ng/L
to about 6 ngy/L Led Hidids@l lecti on. EXAMPLE 5 1In Vitro Assays
1. Protein C Activa ronogeni ¢c) This assay was performed by
mxing 20 }il each of the followng proteins in a mcroliter plate: T™M
sanpl e (Gb&MwWh GrVsLavider@)A L ha oot rG (I3fME PaRdvproQeiVW NCIL( R & 8M5. GThe

assay diluent for each protein was 20 mM Tris-HCI, 0.1 MNaCl, 2.5 nM
caCl 2, 2TsLng/QiP 8560 Sily R7LaS §rd b 1G Kk E TreubaWeM oW 2VhRURsAR 37C

after whic rotei ct¢ivat ko gt It f20Q | of
hi r udi n FORIE B, ¥,858 I 6.8 Q8 HA S KX P8 R

addi ti onglK 0 Tinut s.Q MeNagUuiR ATE &t vated v @ & R § fosnedrVvRsy det ect ed
by adding 100 gi of 1 mM S2266 (in assay diluent), and continuing to

i ncubat e fe ¢l t]fa ¥t W3tcQ thd ébéfoffbé(nSeAaiG ‘Zrolé Gnfn NnF @dch T \hh§dr ead
10 : ! . _
The absoVbirie dad Kds Vol IR B inGd S g d) SEweYorasBeBig,

(slope) @gns gacir wevl [WeE rINW  @d§ Ghy phpnReF apgpsbanyer Bes Kegondsi s
proportional to pnollm of activated protein C. This ratio was determ ned

empi ri cably uSiGol viarilnd dodfedht¥ X ior3 SofY {btSaN W &cV VaFet GplofeKn C.

el es optgipI o ROREL ALY 81868 § 4B TEEVES VY gL ROt
ANCEYQCQPLNQTSYLCVCAEGFAPIPGEPHRC
QLFCNQTACPADCDPNTQASCECPEGYILDDGF
ICTDIDECENGGFCSGVCHNLPGTFECICGPDS
ALAGQIGTDC 379

The scFv(TF)3el10-TMi456 fusion protein (SEQ ID NO:3) consists of a signal peptide
(-18 to -1), Vy domain (1 to 126), V-V linker (127 to 131), Vi domain (132 to 243), V, -
TM linker (244 to 261), and TMi456 domain (262 to 379). The H381G, M388L, R456G and
H457Q mutations in TM1456 are underlined.

EXAMPLE 4
Expression of the Fusion Protsin in BacteriaUMammallan Cells



Otol1l.5 Mwth 60 nMrabbit TMand 30 nMthronbin, incubating for 0 to 4
hours, adding hirudin and neasuring S2266 activity as above. Cond: tpg[pp 05
under which 100% of the protein C was activated were defined as"those i L
whi ch t he SR26x092602i vity (A405/sec) reached plateau. i NnYCRASEN13VP
03/092602 PCT/US03113522 41 A unit ofdvactivity is defined as 1 pnole of
activated protein C generated per m/mn under the reagent conditions
defined above. Alternatively, activity values are reported in conparison to

T pl AR SB TAgRE s HE R A0 AT 10
am de ¢ofaatioraictivityh &he diksian protein washexresbgd-iaCHE) cellse Thd Exprabsion plasmidex The

| i ber : e ' i tored at,_405 nm and
the comai BB bR e BRFRISEERASS; Surdiedhtiatte i ng o

mol ar 400 ighat hygromyeir thiseleetd podulABR0The fesuitidg pdpUidBon alas dsen( dubjeated telet er mi ned
by fitj] the initial, rates intg.the 4 par ter equatjon: Y = _(A-D)/(1+
(x1.0) A9 fpeinglriiaye Beiptifna i i s¥fecoR, ol FotimRA P damies S58E Slivst 1 at o
Tr i pepegida ofDNA@ptainirgy thEReslgetitnanarkel, a8 tatded ierie, re fsoted fesrh GMongthe™
Tris-HJ 50 NaCI,.5r{1VI Cl2, 0.1% SA?, gH7_.5 . Hu FVI | v

(hovi 1eeuishen. TRAeirescingicveRoara ctieed Fmappionmpay o 3 Rehgs sba et

pr eparas 2fesol/bfthisigeleatioi.n assay buffer prior to use. 3. Soluble TF (Berl ex):
10 x working solution- prepare 30 nMsolution in assay buffer prior to use.
4. Chronogeni c substrate S2266 (Kabi Pharnmacia Hepar Inc.): Stock sol ution:
10 MMin H20, stored at 4 C 2. SEXAMPLE Z'g sol ution- prepare 2.5 nM
solution in assay buffer prior to ‘zi?{e. 5. Antibody: Prepare 2.5x dilutions

In assay buffer prior to use. ORAVE i ons: Assays are performed In
a,96-well mcroliter plate at roomtenperature. The final concentrations of

t he cofFre6RM € Abtvalén ASsaWYIBhrombgenlc)M Anti body vary from 1000 to 0.625 nM
FMla 2 nMS2266 1 niM .
This assay was performed by mixing 20 pl each of the following protelns in a microtiter
plate: TM sample (unknown or standard), thrombin (3nM), and protein C (1.5 uM). The assay
diluent for each protein was 20 mM Tris-HCI, 0.1M NacCl, 2.5 mM CaCls, 2.5 mg/ml BSA, pH
7.4. The wells were incubated for 2 hours at 37°C after which protein C activation was
terminated by the addition of 20 pl of hirudin (0.16 unit/u 370 nM) in assay diluent and

incubation for an additional 10 minutes.

The amount of activated protein C formed was detected by adding 100 pl of 1 mM
52266 (in assay diluent}, and continuing to incubate the plate at 37°C. The absorbance at 405
nm in each well was read every 10 seconds for 30 minutes, using a Molecular Devices plate
reader. The absorbance data was stored, and the change in absorbance per second (slope) in
each well was calculated. The change absorbance per second is proportional to pmol/ml of
activated protein C.

This ratio was determined emplrically using varying concentrations of totally activated
protein C. Samples containing 100% activated protein C were generated by mixing protein C at
0 to 1.5 uM with 60 nM rabbit TM and 30 nM thrombin, incubating for 0 to 4 hours, adding
hirudin and measuring $2266 activity as above. Conditions under which 100% of the protein C
was activated were defined as those in which the S2266 activity (A405/sec) reached plateau.



Assay Procedure: 1. Pipette 0.1 mlIl of 2.5x AS (or buffer control) Into
each well. | NOV WO 03/092602 PCTIUS03113522 42 2. Add 0. 025y %hwz@%gr
and incubate 10 min at roomtenperature with nild shaking. 3. Add 07 b5V

10x FVI1a, Whex92602 10 nmin at roomtenperature with ml|d ponkseogpasz. Add 0.1
m 2.5x S2266 substrate, |Imediately t#lansfer the plate Into a plate reader
and neasure enzyne kinetics at 405 nmat 10 seconds interval for 15 mn. 3.
Factor X Activation Assay: The principle of this assay is depicted bel ow

FVila is i ,i,ﬁ}pg | ' 'H[d{?@ﬁ’ej-r ' f ease

conpl ex cagg ef%?t_r\)gﬁél"c\!/%fr:r‘nﬁ&n’gﬁ’ ? E’g{aiseu%‘s rate,&&éﬁsqﬁ%'g&a%gﬁgf@ms%é med in

t he prtbe Egagentosnditionscdefiagd abovei Mltematively: actyityivaleas ara sepmirted i edmgiyison hen t he

subst rtahﬁﬁ\@&eité?éd?rsﬁlﬁgﬂif%draﬁﬂ he reaction is allowed to proceed to form
rote

t he product, acltive p ase FXa, which Is capable of hydrolyzing the
p-nitroanillde am de bond of the chronogenic substrate 52222. The |i berated

chr onopReERRL %Ion}é_f%%oani lide, I's nonitored at 405 nm and the

concentration of produ rmed per unit tinme |Is cal culated using a nol ar
ext i nct i on Thegangipleiobthis afsap Bakpeticeio. Theltpeapdite pmitéda@nilide amitiztbondiohed by

frig e : " Hocan .
1 ol B U B e o
Subst riifraeniiide,dsrovwhitored aRiGEgu ked thedsopcdniratiomns praduct¥esragd perfunittimedd nvi

Trl s- EmM | . Y A H{.5 2. H EVI |

(Ir-lc;sll :@%ﬁ Swedrr@g 8l 851s l%@ﬁﬁigpﬁ&éf&éﬁ&ﬁ@pyﬁ chﬂ VAP ga?%g?tﬁ?ﬁﬁ?‘ﬂ prepar e
100 pNaydittingttheinitialratesdntp thai4 paamstdrequationu e (AD)/(Re 0dOPBal Human TF

(reconstituted in our lab fromlInnovin, Dade): working solution- prepare
1: 480 dilution in assay buffer prior to use. 4. Factor X (HCX-0060,

HaenatipDogiit e 12PN G- SHIDGal LewdArg ¥QI-MANG sol ution- prepare 1000 nM
solution In assay buffer prior to use. 5. Chronbgenic substrate S2222 (Kabi

Phar naci226¢:8pbstratenc. ) : St brigeptide ut i ofhropnaphbien H20, stored at 4 C. Wrking
solution- prepare 0.78 mMsolution in 3.57 mM EDTA (to stop the reaction),

150 nmM NaCl, 50 nM Tris-HClI pH 7.5 prior to use.
Reagents and solutions:

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

2. Human FVila (HCVIIA-0060, Haematologic Technologies Inc.): 10 x working solution-
prepare 20 nM solution in assay buffer prior to use,

3. Soluble TF (Berlex): 10 x working solution- prepare 30 nM solution in assay buffer prior to
use.

4. Chromogenic substrate 52266 (Kabi Pharmacia Hepar Inc.): Stock sofution: 10 mM in H0,
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

52266 1mM

Assay Procedure:

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




6. Antibody: Prepare 4x dilutions in assay buffer prior to use. - | NOV 2C36
WO 031092602 PCTf U503/ 13522 43 Assay Conditions: Assays are p,erfﬁﬁgpeejndpn a
96-well mcroliter plate at roomtenperature. The final concentra

t he conponeyu esr@eezas follows: rTF vesicles "' A of 1:480 ditaigsspns2Ant i body
vary from 1000 to 0.625 nM FVla 25 piyl FX 250 nM 52222 0.546 nM Assay
Procedure: 1. Pipette 0.015 m of 4xAB (or buffer control) into each well.
2 Add 0.015 m 4x rTF vesicles. 3. Add 0.015 ml 4x FV1la, incubate 10 mn

h mld 4. Add 015,,.m FX, incubate 5
m n a?jn ’%‘gﬁ%@%ﬂ §¥WF'E3(M’ {"ﬁ“?ﬁ%?gbgﬁrg%rﬂﬂ“@"p%w%w@hm é@!ﬂ‘gzl sugstrate
i nedi &t Addy 0t028 ms flox Fihe, |mate 10vhidy amrqmlnatempemﬁmvimﬁud mmﬁglr e enzyne

Ki neti 0 rval r Protein C
nct vel A A3 A sk PSS redlafont rsier e e BunB AR e iadeh S or ¢ he
chronugeasucemmeuklneﬁmamomﬁnmm@mushmsmmﬂwhrm with the exception that
In this assay human TF-containing PC/PS vesicles are added to the fusion

protein, or control TM before adding the thronbin and protein C. EXAMPLE 6
Char ac3. Fatwir XActivhtibhAséay:| - TF Anti bodi es Seven different TF-bi nding

ant i bodi es re isolated fro fully human single chain antibody phage
di splay Ii fAyinct ﬂlﬁé’?gf'? PRy %pﬁedt bplows TV IIg i icHbatad with secadinapk as ur ed

usi ng Huntan B ABRIE o Y@ Fea Emteéee eo:aéle%abaﬁ%fbf ab&vaﬁ’ﬁ@uﬁEﬁB&&aﬁe 356 Aphighas used
to determne?@mthe ant i bodi es woul formation of an active

Viia(T® eq in the gresenReq ﬁoaaa%e@a‘;» of d{SfPWd‘F mcentramns gf antibody; thendbeit es t he

rate cﬁubeﬂraavxg@mﬂemd@atana e RBERINDY SR w?’bﬁf’,“ﬁ tosf?mﬂ_tljgfﬁr&iu%? aémby
a (0]

>20-f ol d. An 0 t hat i nhibit binding
accel e‘ffa'PP%‘h r“&'&ﬁﬁj Lb?e‘eféwgmws e g iganilsearade pead akihe Chremqe%e of
them subbivatd B?morhe liberated chromophore product, p-nitroanilide, is monitored at 405 nm

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

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

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

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

Reagents and solutions:

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

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

5. Chromogenic substrate $2222 (Kabi Pharmacia Hepar Inc.):
Stock solution: 8 mM in H.0, stored at4 C.
Working solution- prepare 0.78 mM solution in 3.57 mM EDTA (o stop the reaction), 150
mM NaCl, 50 mM Tris-HCI pH 7.5 prior to use.

8. Antibody:
Prepare 4x dilutions in assay buffer prior to use.




1 MD? 2°~5 WD 031092602 PCTI US03113522 44 did not Inhibit the sTFNIIa
assay. This antibody increased the affinity of Wle for sTk,N(deR)jgasing the
KD 5-fold (Figure 1). The KD of the scFv(TF)3el0 anti body for sTF, neasured
usi ng t he MUOIYRE02 assay, was 65.4 nM (Figure 2). M crocacodseynyzwas used
to conpare the affinity of scFv(TF)3eB0 for TF as conpared to the FVIla(TF
conpl ex. These experinents revealed that the antibody has a 20-fold higher
affinity for the TF/FVIla conplex as conpared to free sTF (33 nMvs. 600
nM Fiﬂb‘sfa?dé}nditia_ e anti bodies were conpared using the FX activation assay,
whi ch conSists or full length TF in phospholipid vesicles, FViIla and FX. The
anount AgFays prepegerneedinaPt-weltimiceatitar miate atgbory terhperatureo tipdfimat  subst r at e

52765. i.body did not have the highest affinity
as mag@rﬁwgﬁ%%ﬁﬁ%gﬁaﬁnﬁa’)}s%‘%é@g‘é@ed the affinity of FVIla for sTF, it
was t h&Foiepigleant4 pbtig80 diltine group that inhibited FX activation and

prol on e cl i i | PT assay. The 1C50 of the scFV(TF)3el0
(di mer ﬁ%ﬁ?fbodﬁ owgﬂ?ﬁatquné%ﬁ the FX activation assay was 0.44 nM
(FigurEBVlg and 25m-fol d extension of PT occurred at 417 nM (Figure 5).
The scgy(TF) 3elQsgmpf body was identified on the basis of binding to

reconbl nant hunman sol ubl e TF. The sequence honol ogy of TF between the human
and nuP2eR2 or hdéhH3A® mbind rabbit is 58% and 71 % respectively. The anti body
binds to a unique epitope on hunan TF that Interferes with activation of FX
by the FV11alTF conpl ex. Physiologically, the antibody has an advantage
over afitsaydecedunehat conpete with FVI1 or FVila binding to IF. The | (o of
bot h Vig; I [ ' or between 100- and 1000-fold
gr eat o t#r'{’aeﬁgt%ﬁ)jg»@%f4%%(Holfﬂf‘ff§'{a‘€°§ﬂmlr”§?%%h%h affinity conplex will be

sl ow (20 Add 0008 mjdxdhbgesiclesumi ng ko" = 108M 1sec'). In contrast, the Km of

FX foraqt Al I i the concentration
of FX 'n@ﬂﬁé’hgaﬁé‘m" bﬁ%?%wmﬁkﬁ%ﬁuéﬂmﬁ%ﬁ% KD). The

pri mar$- Add A& on daiFX, nsubate Sanimat womtemgerature willy oiild shaldng.s to convert FX to
FXa. i A , .

scFv( %ﬁ?@%g%\*hg% %ﬁg?cﬁar'gﬁ%ggi:a%ﬁ@s% thtaarb?a J‘Lé:!@éngglrag&{ %%ﬁéro dt he

i nvent i ofMeasweenzyMmakineticet 465 nmai 40 seccnds indaival ford Sueinutesy of in vitro
assays. The fusion protein, scFv(TF)3el0-TM 456, retained the ability of

inhibit FX activation by the FVI1alTF conplex (ICw = 0.5 nM data not shown)
and afiRrateinCActivatien Assaytont TrerichSurfate) cat al yzed activation of protein C
(chr onogeni : j i.qnifi . ol ce. .l ctor
(et omeoer 1608yt o oA aSlo R RBRRNE AT Lo ekl

th the exception that in this assay human TF-containing PC/PS vesicles are added to the

fusion protein, or control TM, before adding the thrombin and proteln C.

EXAMPLE 6
Characteristics of the Antl-TF Antibodies

Seven different TF-binding antibodies were isolated from a fully human singie chain
antibody phage display library. The affinities of the sTF binding antibodies, measured using the
BlAcore, were between 35 and 470 nM. The sTF/Vlia assay was used to determine if the

- antibodies would block the formation of an active VIia/TF complex. In the sTFNVIla assay,
binding of Vila to sTF accelerates the rate of cleavage against the chromogenic peptide
substrate 52266 by >20-fold. Antibodies that inhibit binding of FVIla to TF block this
acceleration. From among seven different antibodies isolated, only one of them, scFv(TF)3e10,



protein and Tnl456 al one in the absence of TF-containing phospholipid
vesicles. In contrast, - 1 N OV 2066 WO 0310 9 2 6 0 2 PC1/ USQS{lp"@E;Z?Qn545
the TM cofactor activity of the fusion protein, but not TM 456, was enhanced
>5-fold i nwhesgegsence of TF-containing phospholipid ve®caiusss/(3Figure 7).
The in vitro potency of the fusion pr#tein, scFv(TF)3el0-TM 456, agai nst
TF-1i nduced coagul ati on (PT assay, extrinsic coagul ation pathway) was 6-fold
better than the scFv(TF)3el0 anti body and 17-fold better than TM 456 al one
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bl cod 2eagftich kit U toifgiuned ¥F 17 pHRBndIBlaSBRbE Evilabng®or e MabERt TH) 3e10
or TniEXagenessted (sRietpmunc@lusingrthe datombgenic substrita S2365.pAlthaeigh the
sckv(T F-Q@é-_gg y=To ' e TF-induced
whol e _%o c%ygaﬁg?qwggtsﬂagggt egﬂ g%vmngﬁaggﬁ%gy&\?}&%ti%gﬁé Pn ( LMAH,
Fi gur eine®psed the afiinitpef/fVitafor sitfq itovas ahenonde antivedy intthe gtdupthat inbibitad FXn pr ot ei ns
of the,j t ' t4 u ' . EXAVPLE B
T i o SR el el he Bl 8 PrRaAl PROCR LS SRS Lo on
pr ot ei (dirsesfrentibpysfor hibifonss the X aglivatiohiassdyowas (a4 nbit(Eigufa 4)and larteniidd mbol i sm
nodel ' E 3 | astin reagent containing human
recomkﬁg%%%%ﬂ%@%aéqﬁﬁ%gﬂ n consci ous mate Sprague-Dawl ey rats
(350 - 400 g, n > 7/group). In this nodel of dissem nated intravascul ar
coagul atio " | | o knj L. \ | ronary
fibrin depggl{e%conqa%éjgiay‘gﬁ%wagg? ?qﬁﬂ%,s&daﬁa bgggét %85‘&%341%@@“%3 es of
scFv( CRyrsani splutig 56 The sequencd FyBelogy, of JiF bedwean the hamen andl swtieglor uman t he t al |
vein f ' t I LN [ I i 0.5
i1 ig) S0 AbEs sb3 dr 08, Ehpectlen], R dtfoodtit 98yl SRR AT L, .
| et hal theyInterfEres withiastieation ofFX thiy thesF\fianT Fagamplex. tRTyeinlogiohtys therantibgdydtason. The ‘
rats " he ' L di ty-Fr4,al gt coring
Gyt enh GO 2EE By 87 RARANRERCodrind ) AN BEAVIRY Uhdhd I T2 CHR K of poBE P 53
m n); BVHasdGélain human plasma is 10 nM, or between 100- and 1000-fold greater than the K.
The off-rate for the high affinity complex will be slow (70 to 700 seconds, assuming ko, = 10°M°
'sec™). In contrast, the Km of FX for the VIla/TF complex is bstween 0.200 to 4 uM and the
concentration of FX in human plasma Is 130 nM {between 0.03- and 0.65-fold Kp). The primary |
function of the FVIla/TF complex in coagulation is to convert FX to FXa.

——

EXAMPLE 7
In vitro Characteristics of the Fusion Protein scFv(TF)3e10-TMI456

The characteristics of a fusion protein of the invention, scFv(TF)3e10-TMi456, was
assessed in a variety of in vitro assays. The fusion protein, scFv(TF)3e10-TMi456, retained the
ability of inhibit FX activation by the FVIia/TF complex (ICs = 0.5 nM, data not shown) and
acted as a cofactor for the thrombin catalyzed activation of protein C (chromogenic assay,
Figure 6). No significant difference in TM cofactor activity was observed between the fusion
protein and Tmi456 alone in the absence of TF-containing phospholipid vesicles. In contrast,



respiratory distress (noribund, recovery required nore than 60 mn); and 3 =
death. The average score was used for conparing the efficacy 3fm_‘ hﬁlﬂﬁ
different treatnment groups. The - 9 NOV 2006 WD 03/092602 PCT; 503143822 46
resul ts uswgoxdegen2i n vi vo assay are depicted in Figure lpcT/URes/fsmi on
protein of the invention was able to 4snhibit death and respiratory distress
In this assay. The precedi ng exanples can be repeated with simlar success
by substituting the generically or specifically described reactants and/ or
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low molecular weight heparin (LMWH, Figure 10). In summary, the above data demonstrate

that the fusion proteins of the invention are potent and selective anticoagulants in vitro.

EXAMPLE 8
in vivo Rat Thromboembolism Mods!

The TF antibody portion of the fusion protein scFv(TF)3e10-TMi456, is specific for
primate TF, A thromboembolism model triggered by human TF (thromboplastin reagent
containing human recombinant TF, Ortho) was developed in conscious male Sprague-Dawley
rats {350 — 400 g, n > 7/group). In this modei of disseminated intravascular coagulation {DIC),
TF, via thromboplastin injection, induces pulmonary fibrin deposition, respiratory failure, and
death. Equimoiar doses of scFv(TF)3e10-TMi456 or scFv(TF)3e10, or vehicle were injected
into the tall vein followed, 15 min later, by a bolus injection of thromboplastin (0.5 ml/kg). In the
vehicle treated group, this dose of TF resulted in 60% lethality (LDao), usuatly within 5 min after
thromboplastin injection. The rats were scored according to the following morbidity-mortality
scoring system: 0 = unaffected; 1 = mild respiratory distress (recover within 30 min); 2 = severe
respiratory distress (moribund, recovery required more than 60 min); and 3 = death, The
average score was used for comparing the efficacy of the 4 different treatment groups. The



6. The fusion protein of Claiml1, wherein said targeting protein is an
antibody that binds [IF. 7. The fusion protein of Caimé6, waergny 9 5d

anti body Is a nonoclonal antibody. 8. The fusion protein of Claim7, Wherein
sai d nonocwaned9aeeki body binds to the FVIlIa/ TF conpl ex weChvugezaszar
affinity than to TF alone. 9. The fusi#n protein of Claim8, wherein said
nonocl onal antibody is a single chain antibody, a Fab diner antibody or an

| gG anti body, 48 - i NOV 2006 10. The fusion protein of daim9, wherein
sai d I lyant i i j ~hal [y agt | . i.on protein
of C g’? %%,L%\'kﬁe‘?'g%"’gg%a@ﬁ% é)d?na |‘ﬁa I ?)%Iyﬂﬁés*ag%éP 5%%‘§'°f F%E%\{?H?%P rrgre

t han owes atlg teonkibindeath and raspiratetyslisties®indhia agsaydl ai m 7, wherein said

nonocl onal antibody neutralizes IF, 13. The fusion protein of Caima1l,
wherein said fusion protein is glycosylated. 14. The fusion protein of Caim
1, wher ei n Bwipledadiigrramplessan be sepeattdiwiBdimiar suecosasibly substituing theol yet hyl ene

gl ycol 1 J i | | 4SH einis

bi o i niﬁnéﬁgaﬁﬁ?ﬁé.%%n%’*% ettt Andbrope 1 Sp R Sr WP Aokl ' 1
wher ei hosguagdtimthgarecagingrexamplesi s FVIilai. 17. The fusion protein of Claim
1, wherein said targeting protein is TFPI. 18. A pharnaceutical conposition,
conprising the fusion protein of Caim1, which conposition conprises a
phar maceut i Walle the dnvention hascheen jivstmtediwith cespect taibe prodistion effdedainifvsiomnount  of
sai d fb’tﬁfaWeo?l%ﬁ’ﬁ&éﬁtis é@par&ﬁﬁhﬂfvaltiﬂﬁn HE:% ﬁBdiﬂ&ﬁﬁ:ﬁé thﬂé in ﬁﬁdﬁ'énfbgrm?de
preparation of a pharnmaceuti cal conmposition or protecting agalnst thronbus
f or mat Witheut ognartisigrirasmthe spirik poscope of thednvientidrbi t s the generation of thronbin
wi thout directly affecting other coagul ati on paraneters such as the
activation and aggregation of platelets. 20. The use of Claim 19, wherein
the protection against thronbus forf&ffbn relates to ischaenic stroke,
thronmbotic conplications follow ng angi opl asty, or mcrovascul ar surgery.
21. Use of the fusion protein of Claim1 for preparation of a pharnaceuti cal
conposition for preventing and treating deep vein thronbosis (DVT),

di ssem nated i ntravascul ar



coagul ation (DI C), acute coronary syndrome, or cancer w th evidence of

coagul opathy in a patient. 22. Use of the fusion protein of QQimY]‘} i@g
preparation of a pharmaceutical conposition for regulating the'in tory

response i waopmgéoent. 49 1 hJO''! 2tZFlo 23. The use of pCrakisdgsz Wwherein
said inflammatory response is selected#t’fromthe group consisting of sepsis,
skin and vein grafts, and organ transplants. 24. The fusion protein of Claim
1, wherein said fusion protein can be used to forma non- thronbogenic
coatin ace of a nedical device, wherein said nedical device
comes 13fisd Ml&ih bl ood. 25. A kit, conprising the fusion protein of
Claiml. 26. A kit, conprising DNA sequences encoding the fusion protein
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<110> Light, David MLean, Kirk <120> A Targeted Sol ubl e Ti ssue Factor
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between EGF3 and EGF 4.

3. The fusion protein of Claim 2, wherein said EGF456 domain contains point mutations
that render said fusion protein more resistant to oxidative damage or protease activity or
increase the catalytic efficiency of said fusion protein.

4, The fusion protein of Claim 3, wherein said EGF456 domain contains at ieast one point
mutation selected from the group consisting of H381G, M388L, R456G and H457Q.

5. The fusion protein of Claim 4, wherein said EGF456 domain consists of point mutations
at H381G, M388L, R456G and H457Q.

6. The fusion protein of Claim 1, wherein said targeting protein is an antibody that binds
TF.

7. The fusion protein of Claim 6, wherein said antibody is a monoclonal antibody.

8. The fusion protein of Claim 7, wherein said monoclonal antibody binds to the FVIila/TF
complex with greater affinlty than to TF alone.

9. The fusion protein of Claim 8, wherein said monoclonal antibody is a single chain
antibody, a Fab dimer antibody or an IgG antibody.




<151> 2002-05-01 <160> 3 <170> Patentln version 3.1 <210> 1 <211> 282
<212> PRT <213> Artificial Sequence <280> <223> Description of Artificial
Sequence: Synthetic Fusion Protein <400> 1 Met Leu Gy Val Leuf Y@y bess Gy
Ala Leu Ala LeUAla Ay Leu Val 15 10 15 Phe Pro Gu Met Ala G n val Asn
Leu Arg {8 oh8edsiéA protdily oflDraink 8UwBEe#DsakPmoNdiortdl Bnfticay @ ¥ slHgie cpain Leu Arg
Leu Ser %/s Ala Ala Ser Ay Phe 35 40 45 Ser he Thr Xsp Ala Trp net ser Trp
Val Arg tigody.a Pro Gy Lys 50 55 60 Gu lLeu Au Trp Val Ser Ser Ile Ser
Gy Ser Ay Ay Ser Thr Tyr 65 70 75 80 Tyr Ala Gy Ser Val LyS dy Arg

Pile Thre4l ‘ el - 90, - - - n Met
Asn Ser UeJ(ﬁ X?gg'%bfo’\'%ﬁ beé%mfﬁr Wh%t? %@é‘fﬂﬁdi{fﬁ%@émﬁgﬁ%ﬁy@@%ﬁ tg Arg Val
Leu Ser mete than ops fMIlgomdigr Trp 115 120 125 Tyr Ay Met Asp Val Trp Qy
Gn @y Thr Leu Val Thr Val Ser Ala 130 135 140 dy dy Gy Gy Ser dy Al a

Pro Asn t Leu Thr n Pro Hs 145 150 155 160 Ser Val ser Ala ser
Pro Gy ﬂ;?hgﬁvs'%wwv 0&@"’9‘;& wesreimsaid mpgocienal aniibogdy peutralizes TF.

13. The fusion protein of Claim 1, wherein said fusion protein is glycosylated.

14. The fusion protein of Claim 1, wherein said fusion protein is modified by the addition of
polyethylene glycol.

15. The fusion protein of Claim 1, wherein said fusion protein is biotinylated for binding
streptavidin.

16. The fusion protein of Claim 1, wherein said targeting protein is FVllai.

17. The fusion protein of Claim 1, wherein said targeting protein is TFPI.

18. A pharmaceutical composition, comprising the fusion protein of Claim 1, which
composition comprises a pharmaceutical acceptable excipient and a therapeutical

effective amount of said fusion protein.

19. Use of the fusion protein of Claim 1 for preparation of a pharmaceutical composition
for protecting against thrombus formation, wherein said fusion protein inhibits the
generation of thrombin without directly affecting other coagulation parameters such as the
activation and aggregation of platelets.

20. The use of Claim 19, wherein the protection against thrombus formation relates to
ischaemic stroke, thrombotic complications following angioplasty, or microvascular

surgery.

21. Use of the fusion protein of Claim 1 for preparation of a pharmaceutical composition
for preventing and treating deep vein thrombosis (DVT), disseminated intravascular

coagulation (DIC), acute coronary syndrome, or cancer with evidence of coagulopathy in a
patient.

22. Use of the fusion protein of Claim 1 for preparation of a pharmaceutical composition

for regulating the inflammatory response in a patient.




Ser Ser Ay ser val Ala Ser Tyr Tyr Val @n Trp Tyr dn dn Arg 180 185 190
Pro Ay Ser Ser Pro Thr Thr val Ile Tyr. Qu Asp Asn Hs Arg Pro }‘5 200 205
LJuo iAWOM co Tr Ser Ay Val Pro ASP ﬁg Phe Ser @y Ser Il e hr208er Ser
Asn 210 215 220 Ser Ala Ser Leu Thr Ile Ser Ay Leu Lys Thr u Asp Au Ala

Asp 2253 3Be4de o ERim Der wiereinsid faflamARor] Yesphadk i9R6letRd fATMtHet ol Val
Plle Ay Ay 245 250 255 @Ay Thr Lys Leu Thr Val Leu Ay Ala Ala Ala Ay Al a

Pro Val @ngistingof sepsispghin ang veipgeitsypnpgandaneglanttro Ar Ala Ala <210> 2 0
<211> 418 <212> PRT <213> Artificial Sequence <220> <223> Description of

Vel Leu o JTRAEIE o B QT MBS b bR PRbrg 157 18 Bl 1o Bty Ar Ve Al
A n Val tAEmbogenibrogalithgiobte sdrfiacébya metickiedevide, Whedth saimedical ddviceG y Gy Ser
Leu Arg Leu Ser %ﬁt‘@}@béﬁ Ser Gy Phe 35 40 45 Ser Phe Thr Asp Ala Trp Met

g
Ser Trp SPAMeSAR §© Ay Lys 50 55 60 G u Leu Qu Trp Val Ser Ser
lle Ser Ay Ser Ay @y Ser Thr Tyr

25. A kit, comprising the fusion protein of Claim 1.
26. A kit, comprising DNA sequences encoding the fusion protein components of Claim 1.

27. A gene therapy composition, comprising the DNA encoding the fusion protein
consisting of the amino acid sequence of SEQ |ID NO : 2 or SEQ {D NO : 3, in combination

with a therapeutically effective amount of a gene therapy vector.

28. An anticoagulant fusion protein, comprising a targeting protein that interacts with TF or
the FVIla/TF complex, wherein said targeting protein is a single chain antibody that binds
TF, which is operably linked to the TM EGF456 domain and the interdomain loop between
EGF3 and EGF4, wherein said EGF456 domain consists of point mutations at H381 G,
M388L, R456G and H457Q.

29. The fusion protein of Claim 28, wherein said fusion protein comprises the amino acid
sequence of SEQ IDNQO : 2 or SEQ ID NO : 3.




F 65 70 75 80 Tyr Ala dy Ser Val Lys Gy Arg Phe Thr Ile Ser Arg ASP Asn Ser

100
115
130
145
Arg
Arg
Pro
Asn
Thr
Asn
Al a
Ser

oyS

Phe Al

85 90 95 Lys Asn Thr Leu Tyr Leu G n Met Asn Ser Leu Arg ri;s"gnu Asp Thr

105 110 Ala Val Tyr Tyr Cys Ala Arg yal Leu Ser LeU .Th WA Tyr Trp

120 125 Tyr Gy Met Asp Val Trp Gly An dy Thr Leu Val Thr val ser Al a
135 140 dy Ay Gy Ay Ser Gy Ala Pro Asn Phe Met Leu Thr Gn Pro H's
150 155 160 Ser Val Seggfgnceariskfieg Gy Lys Thr Val Thr Ile Ser Cys Thr
165 170 175 Ser Ser Ay Ser Val Ala Ser Tyr Tyr val Gn Trp Tyr G n dn
<130> 188h190@aPid Gy Ser Ser Pro Thr Thr val Ile Tyr Gu Asp Asn His Arg
195 M5635KTker Gy Val Pro Asp Arg Phe Ser Gy Ser Ile ASP Thr ser ser

3100230 128k syt 100 (3dorSahcRlogy Ser Leu The [1e Ser Gy Leu Lys
orOPE& 17 s Zﬂqt\ntTh’dSag-WEnQS A n Ser Tyr Asp ser Asn
Lau Val Val Phe Gly Gly 245 250 255 Ay Thr Lys Leu Thr Val Leu Ay Al a
N@OG%ERGWM@'? Ay Ser 260 265 270 Ay Ay Ay Ay Ser Ay Gy Ay Ay
40GPLET L3 p Pro 275 280 285 Cys Phe Arg Ala ASn Cys AU Tyr dn
éqlql r é n Thr 290 295 300 Ser Tyr Leu Cys Val Cys Ala Gu Gy
a Pro IIe Pro Gly Gu

<150> 60/376,566
<151> 2002-05-01

<160> 3
<170> PatentIn version 3.1

<210> 1

<211> 282

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic Fusion
Protein

<400> 1
Met Leu Gly val Leu val Leu Gly Ala igu Ala Leu Ala Gly Leu val
1 5 15

Phe Pro Glu ggt Ala G1n val Asn Egu Arg Glu Ser Gly g&y Thr Leu

val G1n Pro Gly Gly Ser Leu Agg Leu Ser Cys Ala ﬂga ser Gly Phe
35 4

ser pPhe Thr Asp Ala Trp r;gt ser Trp val Arg ggn Ala Pro Gly Lys
50

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

Tyr Ala Gly Ser val Lys Gly Arg Phe ggr Ile Ser Arg Asp agn Ser
85

Lys Asn Thr Leu Tyr Leu GIn 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 GIn Gly Thr Leu val Thr val ser Ala
130 135 140

Gly Gly Gly Gly Ser Gly Ala Pro asn Phe Met Leu Thr Gln Pro His
145 150 155 160

ser val Ser Ala Ser Pro Gly Lys Thr val Thr Ile Ser Cys Thr Arg
165 170 175

ser Ser Gly Ser val Ala Ser Tyr Tyr val Gln Trp Tyr GIn GIn Arg
180 185 190

Pro Gly ser ser Pro Thr Thr val Ile Tyr Glu Asp Ash His Arg Pro
195 200 205




305 310 315 320 Pro H's Arg Cys On LeU Phe Cys ASn A n Thr Ala Cys Pro Al a
Asp 325 330 335 Cys Asp Pro Asn Thr G n Ala Ser Cys Qu Cys Pro Qu Ay Tyr
Ile 340 345 350 Leu Asp ASP Ay Phe Ile Cys Thr Asp Ile ASP Au Cys G u Asn
Gy 355 360 365 Gy Phe Cys Ser Ayval Cys H's Asn Leu Pro G-y{ Wil Phe
Gu cys 370 375 380 Ile Cys GA}AWS’JO L\%ErSer Ala Lau Ala Gy @n lle Glyul'hr
Asp Cys 385 390 395 400 Ala Ala A @y Ala Pro Val Pro Tyr Pro Asp Pro

Leu Ge¢ &1p val PréORspt h@gddife sév &1 Ser<210as3 THR28dpP s297As<212> PRT <213>
Artificiald sequence <220215<223> Descripti2@d of Artificial Sequence:

Synt heti ¢, Fusi on Pﬁ otein <40?> 3 Met L ulﬁé-] y Val LexlaVaI Leu Gy Ala Leu
Al a g@g A%, SE el '\/%53 °r561Y) LEY Ly P UAP RY A agjig n Val Asn Leu Arg
GQu Ser Ay Ay Thr Leu 20 25 30 val n Pro Gy Gy ser Leu Arg Lau ser

Cys Ayx Nrac$ercl@ gePlrgr &p 46r A5nSean heu Mal Asipphe &1§r@lyWet Ser Trp val Arg
Gn Ala Pro Gy Lyg4550 55 60 Gu 2¥u Gu Trp Val 265 ser Ile Ser Ay Ser

ay 20N el The 821 e 218 %0a T a Gy Ser val.Lys Gy Arg Phe Thr
Il e ge]& ﬁf{; Lx‘gsz%sﬁhrS&al Leu ETy !2\(15% ATa ﬁ“la Gq)f A'ISa r;;g %Ja'l Fro

Tyr Pro Asp Pro Leu Giu Pro Arg Ala Ala
275 28

<210> 2

<211> 418

<212> PRT

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence: Synthetic Fusion
Protein

<400> 2
Tet Leu Gly val %eu val Leu Gly Ala Lgu Ala Leu Ala Gly Leu val
1 15

phe Pro Glu ggt Ala GIn val Asn Egu Arg Glu Ser Gly ggy Thr Leu

val Gln ;go Gly Gly Ser Leu ﬁsg Leu Ser Cys Ala ﬁga ser Gly Phe

Ser Ege Thr Asp Ala Trp ggt Ser Trp val Arg EAn Ala Pro Gly Lys

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

Tyr Ala Gly Ser gg] Lys Gly Arg Phe ;Br Ile Ser Arg Asp Sgn ser

Lys Asn Thr Leu Tyr Leu GIn 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 GIn Gly Thr Leu val Thr val Ser Ala
130 135 140

Gly Gly Gly Gly Ser Gly Ala Pro Asn Phe Met Leu Thr GIn Pro His
145 150 155 160

ser val Ser Ala Ser Pro Gly Lys Thr val Thr ITe Ser Cys Thr Arg
165 170 175

ser Sser Gly Ser val Ala Ser Tyr Tyr val GIn Trp Tyr Gla Gln Arg
180 185 190

Pro Gly Ser Ser Pro Thr Thr val Ile Tyr Glu Asp Asn His Arg Pro
195 200 205

ser Gly val Pro Asp Arg Phe Ser Gly Ser Ile Asp Thr Ser Ser Asn
210 215 220




85 90 95 - | NOV 2006 414 Lys Asn Thr Leu Tyr Leu G n Met Asn Ser Leu Arg

Al a
Asp
Thr
H s
Thr
Adn
Arg
Ser

Ay
Val

Asn
Pro

Cys

G u Asp Thr 100 105 110 Ala Val Tyr Tyr Cys Ala Arg Val Leu Ser Leu Thr
Tyr Tyr Trp 115 120 125 Tyr Ay Met Asp Val Trp Ay dn G-y WOV Egjp Val

Val Ser Ala 130 135 140 Gy dy y Ay Ser Asn Phe Met Leu Thr Gn Pro
Ser Val Ser 145 150 155 160 Ala Ser Pro Gy Lys rhr Val Thr Ile ser cys
Arg Ser Ser Ay 165 170 175 Ser Val Ala Ser Tyr Tyr Val A n Trp Tyr A n
Ay Ko sekyeberhr 18368 d561P0 eberysPror rd‘lu Adp cValatkl gsplyr G u Asp Asn His

F&Z’é Ser Gly Val 288 200 205 Pro A3P 'rg Phe ser G40 ser Ile Asp Thr Ser

0.2 Leu Thr [ y..Lew Lys Thr Gu Asp Gu
? c¥§,ac-;1 § %2’5 és\?og B8\ 440 Ef‘h ng ‘?‘ yP'%s% S‘g} Asn Asn Leu Val Val
Gy Gy GyThr 245 250 255 LeuThr "al Leu y Ala Ala Ala Ay dy

Gly Ser Lgb el yhrGva 280 GRHR1A 70 aCGAYa sy G1WGH)G1G gerdy Ser Val Qu Pro
ASP Pro q/szﬁﬁhe Arg 75 2802685 Al a Asn |ys2@u Tyr Gn Cys Gn Pro Leu

gv @Lzégo Hi sek%gyz%Sézg&%g %81 \%'/" %3 é’ eGQIysPRgnAIGanP'rI'ﬁrlkFa
Pro Ala Asp Cys Asp Pro 325 330 335

Cys Phe Arg A1a Asn Cys Glu Tyr GIn Cys GIn Pro Leu Asn GIn Thr
290 295 300

Ser Tyr Leu Cys val Cys Ala Glu Gly Phe Ala Pro Ile Pro Gly Glu
305 310 315 320

Pro His Arg Cys GIn Leu Phe Cys Asn Gln Thr Ala Cys Pro Ala Asp
325 330 335

Cys Asp Pro gzg Thr GIn Ala Ser Cys Glu Cys Pro Glu g]y Tyr Ile
50

Leu Asp ggg Gly Phe Ile Cys Thr Ile Asp Glu ggg Glu Asn Gly

Gly Phe Cys Ser Gly val Cys Hi Leu Pro Gly Thr Phe Glu
370 375 380

Ile Cys Gly Pro ser Ala Gly G1n I1e Gly Thr Asp
385 390 395

Ala Ala Gly Pro val Pro Asp Pro Leu Glu Pro
410 415

Ala Ala

<210> 3

<211> 397

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic Fusion
Protein

<400> 3
Tet Leu Gly val %eu val Leu Gly Ala Ala Leu Ala Gly

Phe Pro Glu Met Ala GIn val Asn Leu Glu Ser Gly Gly
20 25 30

val 6ln Pro Gly Gly Ser Leu Arg Leu Cys Ala Ala Ser
35 40 45

ser Phe Thr aAsp Ala Trp Met Ser Trp Arg GIn Ala Pro
50 55 60

Glu Leu Glu Trp val Ser Ser Ile Ser ser Gly Gly Ser
65 70 75

Tyr Ala Gly Ser val Lys Gly Arg Phe Ile Ser Arg Asp
85




S TRy

Asn Thr WMnh Ala Ser Cys Gu cys Pro Qu Ay Tyr Ile Leu Asp Asp 340 345 350
Gy Phe J]le Cys Thr Asp Ile Asp Au Cys AQu Asn Ay Qy Phe_qydm‘g'\::2@5360 365
Ser Ay tiil Cys Hs Asn Leu Pro Gy Thr Phe Au Cys Ile Cys y 3 375 380

Pro ASP S?r Ala Leu Ala Gy Gn Ile G wikthr Asp Cys 385 390 395

o

Lys
Ala
Tyr
Gly
145
Ala
ser
ser
Pro
Leu
225

GlIn

Leu

Gly

Asn Thr Leu Tyr Leu G1n Met Asn Ser Leu Arg Ala Glu Asp Thr
1

val
Gly
130
Gly
ser
val
Pro
Asp
210
Thr
Ser

Thr

Ser

Tyr
115
Met
Gly
Pro
4la
Thr
195
\rg
[le
yr

ral
iy
75
ys
Lys

leu

Tyr
Asp
Gly
Gly
ser
180
Thr
Phe
Ser
Asp
Ley
260
Gly
Glu
Ala
Phe
Ala
340
Cys

Ccys

Ala

Cys
val
ser
Lys
165
Tyr
val
ser
Gly
Ser
245
Gly
Gly
Tyr
Glu
Cys
325
Ser
Thr
His

Leu

Ala
Trp
Asn
150
Thr
Tyr
Ile
Gly
Leu
230
Ash
Ala
Gly
Gln
Gly
310
ASh
Cys
AsSp

Asn

Ala
390

Arg
Gly
135
Phe
val
val
Tyr
ser
215
Lys
ASn
Ala
Ser
Cys
295
Phe
Gln
Glu
Ile
Leu

375
Gly

val
120
GlIn
Met
Thr
GlIn
Glu
200
Ile
Thr
Leu
Ala
val
280
GlIn
Ala
Thr
Cys
Asp
360

Pro

Gin

Leu
Gly
Leu
Ile
Trp
185
AsSp
ASp
Glu
val
Gly
265
Glu
Pro
Pro
Ala
Pro
345
Glu

Gly

Ile

Ser
Thr
Thr
Ser
170
Tyr
Asnh
Thr
Asp
val
250
Gly
Pro
Leu
Ile
Cys
330
Glu
Cys

Thr

Gly

Leu
Leu
GIn
155
Cys
GlIn
His
Ser
Glu
235
Phe
Gly
val
Asn
Pro
315
Pro
Gly
Glu

Phe

Thr
395

Thr
val
140
Pro
Thr
Gln
Arg
ser
220
Ala
Gly
Gly
ASp
Gln
300
Gly
Ala
TYr
Asn
Glu

380
Asp

ASp
125
Thr
His
Arg
Arg
Pro
205
ASn
ASD
Gly
Ser
Pro
285
Thr
Glu
ASp
Ile
Gly
365

Cys

Cys

110

TYyr
val
ser
Ser
Pro
190
ser
sar
TYr
Gly
Gly
270
Cys
Ser
Pro
Cys
Leu
350

Gly

Ile

Tyr
ser
val
Ser
175
Gly
Gly
Ala
Tyr
Thr
255
Gly
Phe
Tyr
His
Asp
335
Asp

Phe

Cys

Trp
Ala
ser
160
Gly
ser
val
Ser
Cys
240
Lys
Gly
Arg
Leu
Ar

32

Pro
Asp

Cys

Gly




