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(57) ABSTRACT 

The invention includes antibodies that provide superior 
anti-coagulant activity by binding native human TF With 
high af?nity and speci?city. Antibodies of the invention can 
effectively inhibit blood coagulation in vivo. Antibodies of 
the invention can bind native human TF, either alone or 
present in a TF:FVIIa complex, effectively preventing factor 
X or FIX binding to TF or that complex, and thereby 
reducing blood coagulation. Preferred antibodies of the 
invention speci?cally bind a conformational epitope pre 
dominant to native human TF, Which epitope provides an 
unexpectedly strong antibody binding site. Also provided 
are humanized antibodies and fragments thereof that bind to 
the TF. 
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ANTIBODY APPARENT K1, M-1 APPARENT K1, M 
BY ELISA 

D2 5.2x109 1.9x10'10 
I47 6.5x109 1.5><10'1o 
K73 9.8x109 1.0><10'1o 
K80 2.3 x109 4.3 x1040 
L102 2.5x109 4.0x10'10 
L133 17x109 59x10-10 

BY BIACore 

H36 3.1 X1010 3.2><10'11 
I43 2.3x109 4.3x10'10 
I47 3.2x109 3.1x10'10 
L133 4.6x109 2.2x10'10 
M107 1.1><109 91x10-1O 

FIG. 2 

% INHIBITION 
ANT'BODY NAME ANTIBODY PREINCUBATED WITH TF/Vlla 

D1 0 
D15 1 
H31 4 
H36 95 
I43 1 

.1131 7 
K30 0 
K82 0 
K87 1 
L978 7 
L101 0 
L102 0 
L105 0 
L133 0 
M5 1 
M107 34 

FIG. 3 
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% INHIBITION % INHIBITION 
TF PREINCUBATED WITH TF PREINCUBATED WITH 

ANT'BODY NAME ANTIBODY PRIOR TO Vlla PRIOR TO ADDITION 
ADDITION OF Vlla OF ANTIBODY 

D1 15 nd 
D1 B 43 12.7 
H31 64 21 
H36 0 0 
I43 68 55 
3131 38 11 
K80 12 nd 
K82 0 nd 
K87 0 nd 
L96 0 nd 
L101 33 11 
L102 14 nd 
L105 4 nd 
L133 13 nd 
M5 0 nd 
M107 0 nd 

FIG. 4 
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H36.D2/rhTF CLOTTING TIME % INHIBITION OF 
["‘TFL "M [H36'D2]' "M MOLAR RATIO (SECONDS) rhTF FUNCTION 

0 0 102.3 0 
0.0043 1.61 335.4 114.3 31.3 

3.23 670.3 121.3 45.3 

0 0 77.6 0 
1.61 70.0 35.3 52.2 

0°23 3.23 140.0 91.1 65.2 

3.45 230.4 99.6 73.9 

0 0 49.3 0 
3.23 35.1 65.3 65.2 

0092 6.45 70.1 33.5 90.2 
12.90 140.2 113.3 95.7 

0 0 32.6 0 
0 46 6.45 14.0 52.7 32.4 

' 12.90 23.0 30.2 96.7 
32.30 70.2 117.9 99.3 

0 0 23.9 0 
2 30 16.10 7.0 47.1 94.4 

' 32.30 14.0 95.2, 99.7 
64.50 23.0 115.3 99.9 

0 0 22.2 0 
16.10 1.4 30.2 93.4 

11.52 32.30 2.3 , 46.0 93.3 

64.50 5.6 87.6 99.9 
161.30 14.0 114.0 100.0 

FIG. 5 
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FIG. 6A 

1.5 

H36.D2/rhTF MOLAR RATIO 

100 8 6 4 2 
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100 

20“ 

RELATIVE RATE OF FXa FORMATION 

O 20 4O 6O 80 100 

H36.D2/rhTF MOLAR RATIO 

FIG. 6B 





Patent Application Publication Feb. 23, 2006 Sheet 9 0f 17 US 2006/0039901 A1 

mm .GE 0 @ @ o @ @ o @ @ to 5% w>;<z 
5% 

m N F 

45 .D_...._ 
@ @ oz? .166 @ @ $8 i: @ @ meow .EN 

(MID M>_P<Z 
55 

N F 



Patent Application Publication Feb. 23, 2006 Sheet 10 0f 17 US 2006/0039901 A1 

< whom 03% 
MWPOEOME ov>m :cmwoM E?wcou 6E BEBE 

A _ : 18M 

mm .GE 2 2% 

\ 

Neel 23%8 20% 
\e 

mmozézm . b55295 >36 
582 Sm 63% E5 comm“: 2825» DE 

<m GE 

A855 .am 5&2 032:? DE 

‘TIL 



Patent Application Publication Feb. 23, 2006 Sheet 11 0f 17 US 2006/0039901 A1 

mm .OE 

MmPOEOMm ov>w 
“Q 

3H mSm 

\ 

mmuzsezm . \MmHOEOMm >20 
832 Gem $29 $5 coMwE 22E? OE 

Om GE 

8523 aaoag 
“S as» .am 5&8 0325' DE 

/ _ 8am: mSm iI_ 



Patent Application Publication Feb. 23, 2006 Sheet 12 0f 17 US 2006/0039901 A1 

mow .GE 

common E8200 

Ewio H 

3506 

comma“ o328> UQ 



Patent Application Publication Feb. 23, 2006 Sheet 13 0f 17 US 2006/0039901 A1 

H H £3 H m Em 

HHobHHH HHHEQM 352: 

83x02 20% 

$3 H 3w 

HHHHQZHEZHHHHHEQEBHHH >20 
96% HEHHH 

2v H E Sum QBEHEH DE 

is: HQ? 026% BEBE 
22H :3 





Patent Application Publication Feb. 23, 2006 Sheet 15 0f 17 US 2006/0039901 A1 

:2 02 SE 

mmucmsvom mm 65. 526 Minn 

22mg @353’ 6d 526 53m EHEQEHE rim E8 232$ Mo “852mm 



Patent Application Publication Feb. 23, 2006 Sheet 16 0f 17 US 2006/0039901 A1 

mum mqmqmmUkwmzmg<mmz>momm>zwOOgmmmo>Hqmwwqmm mwQ mQQ>mmBBMMZZmmOwZmmBE/RHQmmwmwvg, 



Patent Application Publication Feb. 23, 2006 Sheet 17 0f 17 US 2006/0039901 A1 

mm? .QE 



US 2006/0039901 A1 

ANTIBODIES FOR INHIBITING BLOOD 
COAGULATION AND METHODS OF USE 

THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is a continuation of US. 
patent application Ser. No. 09/990,586, ?led on Nov. 21, 
2001, Which claims priority to US. Provisional Application 
No. 60/343,306, ?led on Oct. 29, 2001, Which application is 
related to US. patent application Ser. No. 09/293,854 ?led 
on Apr. 16, 1999 (now US. Pat. No. 6,555,319), Which 
application is a divisional of US. Ser. No. 08/814,806 (now 
US. Pat. No. 5,986,065). The disclosures of said US. patent 
application Ser. No. 09/990,586 as ?led on Nov. 21, 2001, 
US. Provisional Application No. 60/343,306 as ?led on Oct. 
29, 2001, US. Pat. No. 6,555,319, and US. Pat. No.5,986, 
065 are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to novel human tissue 
factor antibodies and methods of using the antibodies to 
inhibit tissue factor-related functions such as blood coagu 
lation, angiogenesis, tumor metastasis, and in?ammation. In 
particular, the invention relates to novel antibodies that can 
speci?cally bind native human tissue factor With high af?n 
ity and prevent factor X or factor IX binding and activation. 
The antibodies of the invention are useful for a variety of 
applications, particularly for reducing blood coagulation in 
vivo. 

[0004] 2. Background 

[0005] Blood clotting assists homeostasis by minimiZing 
blood loss. Generally, blood clotting requires vessel damage, 
platelet aggregation, activation of coagulation factors and 
inhibition of ?brinolysis. The coagulation factors act 
through a cascade that relates the vessel damage to forma 
tion of a blood clot (see generally L. Stryer, Biochemistry, 
3rd Ed, W.H. Freeman Co., NeW York; and A. G. Gilman et 
al., The Pharmacological Basis of Therapeutics, 8th Edition, 
McGraW Hill Inc., NeW York, pp. 1311-1331). 

[0006] There is general agreement that factor X activation to factor Xa (FXa) (or factor IX activation to 

factor IXa) is a critical step in the blood coagulation process. 
Generally, FX (or FIX) is converted to FXa (or FIXa) by 
binding a catalytically active complex that includes “tissue 
factor” TF is a controllably-expressed cell membrane 
protein that binds factor VII/VIIa to produce the catalyti 
cally active complex (TFzFVIIa). A blood clot folloWs 
FXa-mediated (or FIXa) activation of prothrombin. Blood 
clotting can be minimiZed by inactivation of TF to non 
native forms Which cannot optimally produce the TFzFVIIa 
complex. Excessive activation of the coagulation cascade 
through formation of FXa (or FIXa) is believed to contribute 
to various thromboses including restenosis. 

[0007] Thrombosis may be associated With invasive medi 
cal procedures such as cardiac surgery (e.g. angioplasty), 
abdominothoracic surgery, arterial surgery, peripheral vas 
cular bypass grafts, deployment of an implementation (e.g., 
a stent or catheter), or endarterectomy. Further, thrombosis 
may accompany various thromboembolic disorders and 
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coagulopathies such as stroke, pulmonary embolism (e.g., 
atrial ?brillation With emboliZation), coronary artery disease 
or acute coronary syndromes (e.g., unstable angina or myo 
cardial infarction), atherosclerosis or other thrombo-occlu 
sive disorders, deep vein thrombosis and disseminated intra 
vascular coagulation, respectively. Manipulation of body 
?uids can also result in an undesirable thrombus, particu 
larly in blood transfusions or ?uid sampling, as Well as 
procedures involving extracorporeal circulation (e.g., car 
diopulmonary bypass surgery) and renal dialysis. 

[0008] Anti-coagulants are frequently used to alleviate or 
avoid blood clots associated With thrombosis. Blood clotting 
often can be minimiZed or eliminated by administering a 
suitable anti-coagulant or mixture thereof, including one or 
more of a coumarin derivative (e.g., Warfarin, Coumadin or 
dicumarol) or a charged polymer (e.g., heparin, loW molecu 
lar Weight heparin, hirudin or hirulog) or anti-platelet agents 
(e.g., ReoPro, Integrilin, Aggrestat, Plavix, Ticlid or aspi 
rin). See e.g., Gilman et al., supra, R. J. Beigering et al.,Ann. 
Hematol, 72:177 (1996); J. D. Willerson, Circulation, 
94:866 (1996). 

[0009] HoWever, use of anti-coagulants is often associated 
With side effects such as hemorrhaging, re-occlusion, 
“White-clot” syndrome, irritation, birth defects, thrombocy 
topenia and hepatic dysfunction. Long-term administration 
of anti-coagulants can particularly increase risk of life 
threatening illness (see e.g., Gilman et al., supra). 

[0010] Certain antibodies With anti-platelet activity have 
also been used to alleviate various thromboses. For example, 
ReoPro®TM is a therapeutic antibody fragment that is rou 
tinely administered to alleviate various thromboembolic 
disorders such as those arising from angioplasty, myocardial 
infarction, unstable angina and coronary artery stenoses. 
Additionally, ReoPro® can be used as a prophylactic to 
reduce the risk of myocardial infarction and angina (J. T. 
Willerson, Circulation, 94:866 (1996); M. L. Simmons et 
al., Circulation, 895% (1994)). 

[0011] Certain anti-coagulant antibodies are also knoWn. 
Particularly, certain TF-binding antibodies have been 
reported to inhibit blood coagulation, presumably by inter 
fering With assembly of a catalytically active TFzFVIIa 
complex (see e.g., Jeske et al., SEM in THROM. and HEMO, 
22:213 (1996); Ragni et al., Circulation, 93:1913 (1996); 
European Patent No. 0 420 937 B1; W. Ruf et al., Throm. 
Haemosp, 66:529 (1991); M. M. Fiorie et al.,Blooa', 813127 
(1992)). 
[0012] HoWever, current TF-binding antibodies exhibit 
signi?cant disadvantages Which can minimiZe their suitably 
as anti-coagulants. For example, current TF-binding anti 
bodies do not exhibit suf?cient binding af?nity for optimal 
anti-coagulant activity. Accordingly, for many thrombotic 
conditions, to compensate for such ineffective binding 
af?nities, unacceptably high antibody levels must be admin 
istered to minimiZe blood coagulation. 

[0013] It Would thus be desirable to have an anti-coagulant 
antibody that binds native human TF With high af?nity and 
selectivity to thereby inhibit undesired blood coagulation 
and the formation of blood clots. It Would be further 
desirable to have such an anti-coagulant antibody that pre 
vents the binding of factor X (or factor IX) to TFzFVIIa 
complex. 
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SUMMARY OF THE INVENTION 

[0014] We have noW discovered antibodies that provide 
superior anti-coagulant activity by binding native human TF 
With high af?nity and speci?city. Antibodies of the invention 
can effectively inhibit blood coagulation in vivo. Antibodies 
of the invention can bind native human TF, either alone or 
present in a TFzFVIIa complex, effectively preventing factor 
X (or factor IX) binding to TF or that complex, and thereby 
reducing blood coagulation. 

[0015] Preferred antibodies of the invention are mono 
clonal and speci?cally bind a conformational epitope pre 
dominant to native human TF, Which epitope provides a site 
for the unexpectedly strong antibody binding. Indeed, pre 
ferred antibodies of the invention bind to native human TF 
at least about 5 times greater, more typically at least about 
ten times greater than the binding af?nity exhibited by prior 
anti-coagulant antibodies. Additionally, preferred antibodies 
of the invention are selective for native human TF, and do 
not substantially bind non-native or denatured TF. 
H36.D2.B7 (secreted by hybridoma ATCC HB-12255 and 
often referred to as H36) is an especially preferred antibody 
of the invention. 

[0016] Preferred antibodies of the invention bind TF so 
that FX (or FIX) does not effectively bind to the TFzFVIIa 
complex Whereby FX (or FIX) is not effectively converted 
to its activated form (FXa or FIXa). Preferred antibodies of 
the invention can inhibit TF function by effectively blocking 
FX (or FIX) binding or access to TF molecules. See, for 
instance, the results of Example 3 Which folloWs. 

[0017] Preferred antibodies of the invention also do not 
signi?cantly inhibit the interaction or binding betWeen TF 
and factor VIIa, or inhibit activity of a TFzFVIIa complex 
With respect to materials other than FX and Factor IX. See, 
for instance, the results of Example 4 Which folloWs. 

[0018] The invention also provides nucleic acids that 
encode antibodies of the invention. Nucleic acid and amino 
acid sequences (SEQ ID NOS: 1-4) of variable regions of 
H36.D2.B7 are set forth in FIGS. 1A and 1B of the 
draWings. 

[0019] In preferred aspects, the invention provides meth 
ods for inhibiting blood coagulation and blood clot forma 
tion, and methods for reducing human TF levels. 

[0020] In general, antibodies of the invention Will be 
useful to modulate virtually any biological response medi 
ated by FX (or FIX) binding to TF or the TFzFVIIa complex, 
including blood coagulation as discussed above, in?amma 
tion, tumor angiogenesis and metastasis, and other disorders. 

[0021] Antibodies of the invention are particularly useful 
to alleviate various thromboses, particularly to prevent or 
inhibit restenosis, or other thromboses folloWing an invasive 
medical procedure such as arterial or cardiac surgery (e.g., 
angioplasty). Antibodies of the invention also can be 
employed to reduce or even effectively eliminate thrombotic 
occlusion arising from activation of blood coagulation in 
such non-surgical cardiovascular conditions including but 
not limited to coronary artery disease, acute coronary syn 
dromes (e.g., unstable angina and myocardial infarction) and 
atherosclerosis. Antibodies of the invention also can be 
employed to reduce or even effectively eliminate blood 
coagulation arising from use of medical implementation 

Feb. 23, 2006 

(e.g., a catheter, stent or other medical device). Preferred 
antibodies of the invention Will be compatible With many 
anti-coagulant, anti-platelet and thrombolytic compositions, 
thereby alloWing administration in a cocktail format to boost 
or prolong inhibition of blood coagulation. 

[0022] Antibodies of the invention also can be employed 
as an anti-coagulant in extracorporeal circulation of a mam 
mal, particularly a human subject. In such methods, one or 
more antibodies of the invention is administered to the 
mammal in an amount suf?cient to inhibit blood coagulation 
prior to or during extracorporeal circulation such as may be 
occur With cardiopulmonary bypass surgery, organ trans 
plant surgery or other prolonged surgeries. 

[0023] Antibodies of the invention also can be used as a 
carrier for drugs, particularly pharmaceuticals targeted for 
interaction With a blood clot such as strepokinase, tissue 
plasminogen activator (t-PA) or urokinase. Similarly, anti 
bodies of the invention can be used as a cytotoxic agent by 
conjugating a suitable toxin to the antibody. Conjugates of 
antibodies of the invention also can be used to reduce tissue 
factor levels in a mammal, particularly a human, by admin 
istering to the mammal an effective amount of an antibody 
of the invention Which is covalently linked to a cytotoxic 
agent or an effector molecule to provide complement-?xing 
ability and antibody-dependent cell-mediated cytotoxicity, 
Whereby the antibody conjugate contacts cells expressing 
tissue factor to thereby reduce tissue factor levels in the 
mammal. 

[0024] Antibodies of the invention also can be employed 
in in vivo diagnostic methods including in vivo diagnostic 
imaging of native human TF. 

[0025] Antibodies of the invention also can be used in in 
vitro assays to detect native TF in a biological sample 
including a body ?uid (e.g., plasma or serum) or tissue (e.g., 
a biopsy sample). More particularly, various heterogeneous 
and homogeneous immunoassays can be employed in a 
competitive or non-competitive format to detect the pres 
ence and preferably an amount of native TF in the biological 
sample. 

[0026] Such assays of the invention are highly useful to 
determine the presence or likelihood of a patient having a 
blood coagulation or a blood clot. That is, blood coagulation 
is usually accompanied by and the result of TF expression on 
cell surfaces such as monocytes, macrophages, and endot 
helial cells lining the vasculature. Thus, the detection of TF 
in a body ?uid sample by an assay of the invention Will be 
indicative of blood coagulation. 

[0027] Antibodies of the invention also can be used to 
prepare substantially pure native TF, particularly native 
human TF, from a biological sample. Antibodies of the 
invention also can be used for detecting and purifying cells 
Which express native TF. 

[0028] Antibodies of the invention also can be employed 
as a component of a diagnostic kit, eg for detecting and 
preferably quantitating native TF in a biological sample. 

[0029] The invention also provides humaniZed antibodies 
that bind speci?cally to human tissue factor (TF) to form a 
complex. In a preferred embodiment, blood factor X or 
factor IX binding to the complex is signi?cantly inhibited. 
Preferably, the humaniZed antibody includes at least one 












































































































