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(57) ABSTRACT 

Disclosed herein are monoclonal antibodies speci?c for fac 
tor XI (fXI) that prevent activation of fXI by factor XIIa 
(fXIIa). The monoclonal antibodies are universal fXI anti 
bodies, capable of binding all mammalian species tested. The 
anti-fXI monoclonal antibodies prolong clotting time in 
mammalian plasmas. Moreover, administration of the fXI 
monoclonal antibodies disclosed herein results in inhibition 
of thrombosis Without altering hemostasis in animal models 
of thrombosis. Thus, provided herein are monoclonal anti 
bodies speci?c for fXI that block activation of fXI by fXIIa, 
compositions and immunoconjugates comprising such anti 
bodies and their methods of use. 
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ANTI-FXI ANTIBODIES AND METHODS OF 
USE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is the US. National Stage of International 
Application No. PCT/US2009/068768, ?led Dec. 18, 2009, 
published in English under PCT Article 21(2), which claims 
the bene?t of US. Provisional Application No. 61/138,590, 
?led on Dec. 18, 2008, which is herein incorporated by ref 
erence in its entirety. 

ACKNOWLEDGMENT OF GOVERNMENT 
SUPPORT 

This invention was made with government support under 
grant numbers HL58837 and HL81326 awarded by the 
National Heart, Lung and Blood Institute of the National 
Institutes of Health. The government has certain rights in the 
invention. 

FIELD 

This disclosure concerns monoclonal antibodies speci?c 
for coagulation factor XI (fXI) and their methods of use. 

BACKGROUND 

Thrombosis is a general term for diseases caused by the 
localized accumulation of circulating blood elements within 
the vasculature that result in vessel occlusion. Conventional 
antithrombotic drugs can inhibit thrombus growth by target 
ing coagulation pathways (for example, heparin and war 
farin) or platelet-dependent mechanisms (such as aspirin or 
clopidogrel). Thrombolytic agents (e.g., streptokinase) are 
used to degrade thrombi in situ to restore blood ?ow. Despite 
advances in this ?eld, the search for new strategies continues 
because existing treatments impair hemostasis, and must be 
administered at doses that do not achieve maximum ef?cacy 
(Gruber and Hanson, Curr. Pharm. Des. 9(28):2367-2374, 
2003). 

Hemostasis is a vital function that stops bleeding and pro 
tects the integrity of blood circulation on both molecular and 
macroscopic levels. Hemostasis includes a coagulation cas 
cade of sequentially activatable enzymes that is traditionally 
divided into three parts: (1) an intrinsic pathway, which 
includes interactions of blood coagulation proteins that lead 
to the generation of coagulation factor IXa without involve 
ment of coagulation factor VIIa; (2) an extrinsic pathway, 
which includes interactions of blood coagulation proteins that 
lead to the generation of coagulation factor Xa and/or IXa 
without involvement of factor XI; and (3) a common coagu 
lation pathway, including interactions of blood coagulation 
proteins II, V, VIII, IX and X that lead to the generation of 
thrombin. Thrombin activates platelets and generates ?brin, 
both of which are essential building elements of the hemo 
static plug that is responsible for sealing the vascular breach. 
Complete absence of thrombin or platelets causes paralysis of 
hemostasis and leads to lethal hemorrhage. 

The plasmas of placental and marsupial mammals contain 
factor XI (fXI) (Ponczek et al., J. T hromb. Haemost. 6: 1 876 
1883, 2008), the zymogen of a plasma protease (fXIa) that 
contributes to ?brin formation and stability through factor IX 
activation (Furie et al., Hematology: Basic Principles and 
Practice, 4th ed. New York: Churchill Livingstone 1931, 
2005). fXI de?ciency causes a variable trauma-induced hem 
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2 
orrhagic disorder in humans and other species (Seligsohn et 
al., Thromb. Haemost. 98:84-89, 2007; Knowler et al., J Am. 
Vet. Med. Assoc. 205:1557-61, 1994; Ghanem et al., J. Vet. 
Med. Sci. 67:713-715, 2005; Troxel et al., J. Am. Anim. Hosp. 
Assoc. 38:549-553, 2002). The physiologic mechanism by 
which fXI is converted to lea has been a topic of debate 
(Pedicord et al., Proc. Natl. Acad. Sci. USA. 104:12855 
12860, 2007; Blat & Seiffert, Thromb. Haemost. 99:457-460, 
2008). When blood is exposed to a charged surface, the pro 
cess of contact activation converts factor XII (fXII) to the 
protease fXIIa, which then activates fXI (Gailani and Broze, 
Metabolic andMolecular Basis oflnheritedDisease, Scriver 
et al., eds., NewYork, N.Y.: McGraw-Hill, pages 4433-4453, 
2001). The contribution of this reaction to hemostasis is 
uncertain as lel de?ciency, unlike fXI de?ciency, is not 
associated with abnormal bleeding in any species in which it 
has been identi?ed (Gailani and Broze, Metabolic and 
Molecular Basis of Inherited Disease, Scriver et al., eds., 
NewYork, N.Y.: McGraw-Hill, pages 4433-4453, 2001). This 
is a key piece of supporting evidence for hypotheses propos 
ing that fXI is either activated during hemostasis by a protease 
distinct from fXIIa, or that auxiliary mechanisms for fXI 
activation can compensate for the absence of fXIIa (Broze et 
al., Biochemistry 29:7539-7546, 1990; Davie et al., Biochem 
istry 30:10363-10370, 1991; Renne et al., Expert Rev. Car 
diovasc. Ther. 5:733-741, 2007). 

In addition to fXIIa, other candidates for fXI activators 
include (x-thrombin (Naito et al., J Biol. Chem. 266:7353 
7358, 1991; Gailani et al., Science 253:909-912, 1991), 
meizothrombin (von dem Borne et al., T hromb. Haemost. 
78:834-839, 1997), and lea (autoactivation) (Naito et al., J. 
Biol. Chem. 26627353-7358, 1991; Gailani et al., Science 
253:909-912, 1991). Thrombin has received much attention 
in this regard. Work from several laboratories supports a 
model in which thrombin or another protease generated early 
in coagulation activates fXI (von dem Borne et al., T hromb. 
Haemost. 78:834-839, 1997; von dem Borne et al., Blood 
86:3035-3042, 1995; von dem Borne et al., J Clin. Invest. 
99:2323-2327, 1997; Cawthem et al., Blood 91:4581-4592, 
1998; Keularts et al., Thromb. Haemost. 85 : 1 060-1065, 2001; 
Oliver et al., Arterioscler. T hromb. Vasc. Biol. 19:170-177, 
1999; Wielders et al., Arterioscler. T hromb. Vasc. Biol. 
24: 1 138-1 142, 2004), with lea then sustaining coagulation. 
This hypothesis has been challenged by a study that did not 
?nd evidence for fXI activation in thrombin or tissue factor 
(TF) stimulated plasma in the absence of lel (Pedicord et al., 
Proc. Natl. Acad. Sci. USA. 104:12855-12860, 2007). This 
work also showed that the process of collecting and preparing 
plasma can generate fXIa, giving the false impression in 
subsequent assays that fXIIa-independent fXI activation has 
occurred. These observations have been presented in support 
of a hypothesis, proposed previously by other investigators 
(Brunnée et al., Blood 81 :580-586, 1993), that normal hemo 
stasis in lel de?ciency re?ects loss of fXIIa-initiated pro 
cesses, such as ?brinolysis, that negate the propensity to bleed 
from simultaneous loss of fXI activation (Pedicord et al., 
Proc. Natl.Acad. Sci. USA. 104:12855-12860, 2007; Blat et 
al., Thromb. Haemost. 99:457-460, 2008). 

Coagulation factor XII (fXII) has long been considered a 
potential target of safe antithrombotic therapy. However, no 
suf?ciently potent inhibitor for lel activity, such as a potent 
and useful antibody, has yet been identi?ed. A small molecule 
lea inhibitor has been previously described; however, this 
irreversible enzyme inhibitor blocks both lea and plasma 
kallikrein (Schumacher et al., Eur. J. Pharmacol. 570(1-3): 
167-174, 2007). Thus, a need exists for a potent, universal and 
speci?c inhibitor of fXI. 
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SUMMARY 

Described herein are monoclonal antibodies, or antigen 
binding fragments thereof, that are speci?c for coagulation 
factor XI (fXI) and universally recognize fXI from numerous 
mammalian species. The disclosed antibodies prevent fXI 
activation by fXIIa, but do not interfere with thrombin- or 
tissue factor-mediated activation of fXI, which is important 
for the maintenance of hemostasis. 

In some embodiments, the fXI-speci?c monoclonal anti 
bodies or antigen-binding fragments thereof, have a variable 
light (V L) chain with an amino acid sequence including at 
least a portion of SEQ ID NO: 1, such as one or more comple 
mentarity determining regions (CDRs), and/or a variable 
heavy (V H) chain with an amino acid sequence including at 
least a portion of SEQ ID NO: 3, such as one or more CDRs. 
The antibodies contemplated herein also include any fXI 
speci?c monoclonal antibodies or antigen-binding fragments 
thereof, that are competitive inhibitors with such antibodies 
for binding to fXI. In speci?c examples, the monoclonal 
antibodies include a VL with an amino acid sequence com 

prising SEQ ID NO: 1 and aVH with an amino acid sequence 
comprising SEQ ID NO: 3. 

Also provided herein are immunoconjugates comprising 
the fXI-speci?c antibodies and a fusion partner, such as an 
effector molecule, a label or a heterologous polypeptide, as 
well as compositions comprising the antibodies and immu 
noconjugates. Further provided are isolated nucleic acid mol 
ecules encoding the antibodies and immunoconjugates dis 
closed herein, vectors comprising the isolated nucleic acid 
molecules and isolated host cells transduced by the vectors. 

Further provided is a method of inhibiting activation of fXI 
by fXIIa in a subject by selecting a subject in need of treat 
ment and administering to the subject an inhibitory amount of 
a fXI-speci?c antibody disclosed herein, or an immunocon 
jugate or composition thereof. In some embodiments, the 
subject in need of treatment is a subject has or is at risk of 
developing thrombosis, or is a subject with pathological acti 
vation of fXI. 

The foregoing and other objects, features, and advantages 
of the invention will become more apparent from the follow 
ing detailed description, which proceeds with reference to the 
accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A-1E are graphs showing the effect of fXI on 
thrombin generation in fXI-de?cient plasma. Thrombin gen 
eration in plasma is shown as area under the curve (AUC) for 
FIG. 1A and FIG. 1B, or thrombin generation over time for 
FIGS. 1C-1E. Coagulation was initiated with (A) Ca2+ and 
varying concentrations of TF in the presence (white bars) or 
absence (black bars) of fXI; (B) 0.23 pM TF and Ca2+ (white 
bars) or Ca2+ alone (blackbars) at varying fXI concentrations; 
(C) Ca2+ and 1.6 pM (curves 1 and 2) or 0.23 pM (curves 3 and 
4) TE in the presence (curves 1 and 3) or absence (curves 2 and 
4) of fXI; (D) Ca2+ and 30 pM (curves 1 and 2) or 6 pM 
(curves 3 and 4) fXa, in the presence (curves 1 and 3) or 
absence (curves 2 and 4) of fXI; or (E) 5 nM (x-thrombin in the 
presence (curve 1) or absence (curve 2) of fXIa. 

FIGS. 2A and 2B are graphs showing the effect of recom 
binant fXI on thrombin generation in fXI-de?cient plasma. 
Shown is thrombin generation in fXI-de?cient plasma with 
(A) phospholipids or (B) gel-puri?ed platelets and recombi 
nant (l) fXI WT, (2) vehicle, (3) fXI-Ala557, or (4) 
fXI_A1a195—197' 
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4 
FIGS. 3A-3C are graphs showing the effect of recombinant 

fXI-Ala83'84 on thrombin generation in fXI-de?cient plasma. 
(A) Activation of 25 nM fXIWT (white squares and white 
circles) or fXI-Ala83'84 (black squares and black circles) by 5 
nM fXIIa (white and black squares) or 15 nM (x-thrombin 
(white and black circles). fXIa generation was followed by 
cleavage of S2366. (B and C) Thrombin generation in fXI 
de?cient plasma with (B) phospholipids or (C) gel-puri?ed 
platelets and recombinant (l) fXIWT, (2) vehicle, or (3) fXI 
A1a83—83 ' 

FIGS. 4A and 4B are graphs showing the effect of fXIa on 
thrombin generation in fXI-de?cient plasma. Shown is 
thrombin generation in fXI-de?cient plasma supplemented 
with (A) vehicle or (B) 30 nM fXI. Coagulation was initiated 
with (l) 300, (2)30, (3) 3.0, or (4) 0.3 pM fXIa. 

FIGS. 5A-5C are immunoblots using anti-factor XI mono 
clonal antibodies and a graph showing the effect of fXI anti 
bodies on fXI activation. Western blots of recombinant fXI 
and PK using (A) anti-human fXI IgG OlA6 or (B) anti 
murine fXI IgG l4Ell as primary antibody. Abbreviations at 
the tops of the blots indicate human fXI (H); murine fXI (M); 
human fXI with either the human prekallikreinAl , A2, A3, or 
A4 domains; and human prekallikrein (PK). Note that fXI/ 
PKA4 is approximately half the molecular mass of other fXI 
species. This is because the PK A4 domain cannot mediate 
dimer formation. Positions of molecular mass standards are 
sown at the left of panel A. (C) Activation of 25 nM fXI with 
5 nM fXIIa (white and black circles) or 15 nM (x-thrombin 
(white squares and triangles) in the presence (black circles 
and white triangles) or absence (white circles and squares) of 
100 nM IgG l4El l. fXIa generation was followed by cleav 
age of S2366. 

FIGS. 6A-6C are graphs showing the effect of anti-fXI IgG 
OlA6 on thrombin generation in fXII-de?cient plasma. 
Shown is thrombin generation in fXII-de?cient plasma in 
which coagulation was initiated by addition of Ca2+ and (A) 
0.23 pM TF, (B) 5 nM (x-thrombin or (C) 10 nM (x-thrombin 
in the absence (curves marked 1) or presence (curves marked 
2) of 50 nM anti-human fXI IgG OlA6. 

FIGS. 7A and 7B are graphs showing the effects of anti-le 
IgG OlA6 and l4Ell on thrombin generation in fXII-de? 
cient plasma induced to clot with (x-thrombin or fXIIa. (A) 
Thrombin generation in fXII-de?cient plasma induced to clot 
with Ca2+ and 5 nM (x-thrombin (curves 1-3) or vehicle (curve 
4). Thrombin generation in curve 2 is in the presence of 50 nM 
anti-fXI IgG OlA6 and curve 3 in the presence of 50 nM 
anti-fXI l4El l. (B) Thrombin generation in fXII-de?cient 
plasma induced to clot with Ca2+ and 1 nM fXIIa in the 
presence of (1) vehicle, (2) 50 um/ml CTI, or (3) 50 nM 
anti-fXI IgG 14El 1. 

FIG. 8 is a schematic depicting the hemostatic and throm 
botic thrombin generation cascades. Monoclonal antibody 
l4Ell blocks activation of fXI by fXIIa. 

FIG. 9 shows an immunoblot of fXI immunoprecipitated 
from plasma collected from a variety of mammalian species 
and one avian species (chicken). Plasma or serum was 
obtained from the indicated species and immunoprecipitated 
with l4Ell. The eluate was separated on polyacrylamide 
SDS gels and immunoblotted with biotinylated l4Ell, fol 
lowed by streptavidin-HRP. 

FIGS. 10A and 10B are immunoblots of recombinant fXI 
proteins. (A) Chimeric proteins were generated in which the 
four individual fXI apples domains (Al-A4) were swapped 
with the corresponding domain from prekallikrein (PK). The 
chimeric proteins were separated by electrophoreses and 
immunoblotted with l4El l. (B) Fusion proteins were gener 
ated in which each individual apple domain from fXI was 
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fused to tissue plasminogen activator (tPA). The fusion pro 
teins were separated by electrophoresis and immunoblotted 
with 14E1 1. 

SEQUENCE LISTING 

The nucleic and amino acid sequences listed in the accom 
panying sequence listing are shown using standard letter 
abbreviations for nucleotide bases, and three letter code for 
amino acids, as de?ned in 37 C.F.R. 1.822. Only one strand of 
each nucleic acid sequence is shown, but the complementary 
strand is understood as included by any reference to the 
displayed strand. The Sequence Listing is submitted as an 
ASCII text ?le, created on Jun. 7, 2011, 4.04 KB, which is 
incorporated by reference herein. In the accompanying 
sequence listing: 
SEQ ID NO: 1 is the amino acid sequence of the VL of 

14E1 1. 
SEQ ID NO: 2 is the nucleotide sequence of the VL of 

14E11 (and encodes SEQ ID NO: 1). 
SEQ ID NO: 3 is the amino acid sequence of the VH of 

14E1 1. 
SEQ ID NO: 4 is the nucleotide sequence of the VH of 

14E11 (and encodes SEQ ID NO: 3). 

DETAILED DESCRIPTION 

I. Introduction 

Coagulation factor XII (all) has recently been considered a 
potential target of safe antithrombotic therapy (Renné et al., J 
Exp Med. 202(2):271-81, 2005; Kleinschnitz et al., J Exp 
Med. 203(3):513-8, 2006). However, no suf?ciently potent 
inhibitor for lel activity, such as a potent and useful anti 
body, has yet been identi?ed. One of the potential reasons for 
the failure is that lel is an abundant protein in blood, and 
when activated, is converted into a very active enzyme that is 
dif?cult to block in vivo. 

Disclosed herein is the identi?cation of an antibody that 
targets the procoagulant substrate of activated fXII (fXIIa). 
Targeting the substrate instead of the enzyme is bene?cial 
because the concentration of the coagulant substrate, factor 
XI (fXI), is signi?cantly lower than the concentration of lel. 
Moreover, it is useful to target the substrate (fXI) rather than 
the enzyme (fXIIa), because this approach provides unparal 
leled treatment speci?city and leaves other, potentially ben 
e?cial biological activities of fXIIa, such as activation of 
prekallikrein (and thus production of bradykinin), intact. 
Substrate targeting results in the very speci?c pharmacody 
namic effect of exclusive anticoagulant activity, by inhibition 
of the procoagulant activity of the contact activation complex 
and therefore the intrinsic coagulation cascade. 

Coagulation factor XI is thought to contribute to thrombo 
sis, a pathological condition that, depending on its anatomical 
localization, results in high mortality diseases, including the 
leading causes of death (such as myocardial infarction, 
ischemic stroke, pulmonary thrombo-embolism, dissemi 
nated intravascular coagulation (DIC) and severe systemic 
in?ammatory response syndrome (SSIRS) in infections and 
other conditions). fXI is a proenzyme (zymogen) that can be 
activated by at least three other enzymes, factor Mita (fXIIa), 
thrombin (Ma), and factor XIa (fXIa). Activated factor XI 
(fXIa) then activates factor IX (fIX) and ultimately ampli?es 
thrombin generation. 

Disclosed herein is the identi?cation and characterization 
ofa monoclonal antibody (14E11) speci?c for fXI. 14E11 is 
a murine monoclonal IgG2 antibody that binds to the A2 
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6 
domain of fXI and inhibits its activation by fXIIa. The anti 
body does not block activation of fXI by thrombin or tissue 
factor, or activation of prekallikrein by fXIIa, nor does it 
block the activity of fXIa. The ?ndings disclosed herein indi 
cate that it is possible to target fXIIa-mediated activation of 
fXI, which promotes thrombus growth, without interfering 
with thrombin-mediated activation of fXI that is important for 
hemostasis. 

In particular, described herein is the ?nding that 14E11 
prolongs the activated partial thromboplastin time (APTT) of 
all tested mammalian plasmas, including mouse, human, 
baboon, and others. This illustrates that 14E11 (and binding 
fragments thereof, as well as monoclonal antibodies that bind 
competitively with 14E11) are potent antithrombotic agents. 
In addition, the studies described herein reveal that 14E11 is 
antithrombotic in a mouse model of acute arterial thrombosis, 
and that it inhibits thrombus formation in a primate model of 
thrombosis. 

Accordingly, the fXI-speci?c antibodies of the present dis 
closure are safe for the treatment of thrombotic diseases 
where activation of fXI by fXIIa has a pathogenic role. Since 
hemostatic fXI activation and bene?cial FXIIa activities are 
not be affected by this antibody, this antibody represents a 
monospeci?c anticoagulant that has no hemorrhagic (hemo 
stasis impairment) or other FXIIa-dependent side effect. It is 
therefore different from other fXI inhibitors that block both 
the prothrombotic (negative, harmful effect) and prohemo 
static (positive, bene?cial effect) of fXI. It is also different 
from direct FXIIa inhibitors that block both bene?cial (physi 
ological) and harmful (pathological) activities of FXIIa. 

II. Abbreviations 

APTT Activated partial thromboplastin time 
AUC Area under the curve 
BSA Bovine serum albumin 
CAT Calibrated automated thrombography 
CTI Com-trypsin-inhibitor 
DFP Diisopropyl?uorophosphate 
DIC Disseminated intravascular coagulation 
ETP Endogenous thrombin potential 
fIX Factor IX 
fXI Factor XI 
fXIa Activated factor XI 
fXII Factor XII 
fXIIa Activated factor XII 
IC Inhibitory concentration 
Ig Immunoglobulin 
PK Prekallikrein 
PRP Platelet-rich plasma 
PTT Partial thromboplastin time 
RBC Rabbit brain cephalin 
SDS Sodium dodecyl sulfate 
SSIRS Severe systemic in?ammatory response syndrome 
TF Tissue factor 
tPA Tissue plasminogen activator 
VH Variable heavy chain 
VL Variable light chain 

III. Terms and Methods 

Unless otherwise noted, technical terms are used according 
to conventional usage. De?nitions of common terms in 
molecular biology may be found in Benjamin Lewin, Genes 
V, published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); Kendrew et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
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1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate review of the various embodiments of 
the disclosure, the following explanations of speci?c terms 
are provided: 

Administration: The introduction of a composition into a 
subject by a chosen route. For example, if the chosen route is 
intravenous, the composition is administered by introducing 
the composition into a vein of the subject. 

Animal: Living multi-cellular vertebrate organisms, a cat 
egory that includes, for example, any mammal The term 
mammal includes both human and non-human mammals. 
Similarly, the term “subject” includes both human and vet 
erinary subjects. 

Antibody: A polypeptide ligand comprising at least a light 
chain or heavy chain immunoglobulin variable region which 
speci?cally recognizes and binds an epitope of an antigen, 
such as DU or a fragment thereof. Antibodies are composed 
of a heavy and a light chain, each of which has a variable 
region, termed the variable heavy (VH) region and the vari 
able light (V L) region. Together, the VH region and the VL 
region are responsible for binding the antigen recognized by 
the antibody. 

Antibodies include intact immunoglobulins and the vari 
ants and portions of antibodies well known in the art, such as 
Fab fragments, Fab' fragments, F(ab)'2 fragments, single 
chain Fv proteins (“scFv”), and disul?de stabilized Fv pro 
teins (“dst”). A scFv protein is a fusion protein in which a 
light chain variable region of an immunoglobulin and a heavy 
chain variable region of an immunoglobulin are bound by a 
linker, while in dsts, the chains have been mutated to intro 
duce a disul?de bond to stabilize the association of the chains. 
The term also includes genetically engineered forms such as 
chimeric antibodies (for example, humanized murine anti 
bodies) and heteroconjugate antibodies (such as, bispeci?c 
antibodies). See also, Pierce Catalog and Handbook, 1994 
1995 (Pierce Chemical Co., Rockford, Ill.); Kuby, J., Immu 
nology, 3rd Ed., W. H. Freeman & Co., New York, 1997. 

Typically, a naturally occurring immunoglobulin has 
heavy (H) chains and light (L) chains interconnected by dis 
ul?de bonds. There are two types of light chain, lambda (7») 
and kappa (k). There are ?ve main heavy chain classes (or 
isotypes) which determine the functional activity of an anti 
body molecule: IgM, IgD, IgG, IgA and IgE. 

Each heavy and light chain contains a constant region and 
a variable region (the regions are also known as “domains”). 
In combination, the heavy and the light chain variable regions 
speci?cally bind the antigen. Light and heavy chain variable 
regions contain a “framework” region interrupted by three 
hypervariable regions, also called “complementarity-deter 
mining regions” or “CDRs.” The extent of the framework 
region and CDRs has been de?ned (see, Kabat et al., 
Sequences of Proteins of Immunological Interest, US. 
Department of Health and Human Services, 1991). The Kabat 
database is now maintained online. The sequences of the 
framework regions of different light or heavy chains are rela 
tively conserved within a species, such as humans. The frame 
work region of an antibody, that is the combined framework 
regions of the constituent light and heavy chains, serves to 
position and align the CDRs in three-dimensional space. 

The CDRs are primarily responsible for binding to an 
epitope of an antigen. The CDRs of each chain are typically 
referred to as CDRl, CDRZ, and CDR3, numbered sequen 
tially starting from the N-terminus, and are also typically 
identi?ed by the chain in which the particular CDR is located. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
Thus, a VH CDR3 is located in the variable domain of the 
heavy chain of the antibody in which it is found, whereas aVL 
CDRl is the CDRl from the variable domain of the light 
chain of the antibody in which it is found. An antibody that 
binds fXI will have a speci?c VH region and the VL region 
sequence, and thus speci?c CDR sequences. Antibodies with 
different speci?cities (i.e. different combining sites for dif 
ferent antigens) have different CDRs . Although it is the CDRs 
that vary from antibody to antibody, only a limited number of 
amino acid positions within the CDRs are directly involved in 
antigen binding. These positions within the CDRs are called 
speci?city determining residues (SDRs). 

References to “ H” or “VH” refer to the variable region of 
an immunoglobulin heavy chain, including that of an Fv, 
scFv, dst or Fab. 

References to “ L” or “VL” refer to the variable region of 
an immunoglobulin light chain, including that of an Fv, scFv, 
dst or Fab. 

A “monoclonal antibody” is an antibody produced by a 
single clone of B lymphocytes or by a cell into which the light 
and heavy chain genes of a single antibody have been trans 
fected. Monoclonal antibodies are produced by methods 
known to those of skill in the art, for instance by making 
hybrid antibody-forming cells from a fusion of myeloma cells 
with immune spleen cells. Monoclonal antibodies include 
humanized monoclonal antibodies. As used herein “mono 
clonal antibodies” further includes antigen-binding frag 
ments, such as Fv, scFv, dst or Fab fragments. 
A “chimeric antibody” has framework residues from one 

species, such as human, and CDRs (which generally confer 
antigen binding) from another species, such as a murine anti 
body that speci?cally binds fXI. 
A “humanized” immunoglobulin is an immunoglobulin 

including a human framework region and one or more CDRs 

from a non-human (for example a mouse, rat, or synthetic) 
immunoglobulin. The non-human immunoglobulin provid 
ing the CDRs is termed a “donor,” and the human immuno 
globulin providing the framework is termed an “acceptor.” In 
one embodiment, all the CDRs are from the donor immuno 
globulin in a humanized immunoglobulin. Constant regions 
need not be present, but if they are, they must be substantially 
identical to human immunoglobulin constant regions, i.e., at 
least about 85-90%, such as about 95% or more identical. 
Hence, all parts of a humanized immunoglobulin, except 
possibly the CDRs, are substantially identical to correspond 
ing parts of natural human immunoglobulin sequences. A 
“humanized antibody” is an antibody comprising a human 
ized light chain and a humanized heavy chain immunoglobu 
lin. A humanized antibody binds to the same antigen as the 
donor antibody that provides the CDRs. The acceptor frame 
work of a humanized immuno globulin or antibody may have 
a limited number of substitutions by amino acids taken from 
the donor framework. Humanized or other monoclonal anti 
bodies can have additional conservative amino acid substitu 
tions which have substantially no effect on antigen binding or 
other immunoglobulin functions. Humanized immunoglobu 
lins can be constructed by means of genetic engineering (see 
for example, US. Pat. No. 5,585,089). 
A “human” antibody (also called a “fully human” anti 

body) is an antibody that includes human framework regions 
and all of the CDRs from a human immunoglobulin. In one 
example, the framework and the CDRs are from the same 
originating human heavy and/or light chain amino acid 
sequence. However, frameworks from one human antibody 
can be engineered to include CDRs from a different human 
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antibody. All parts of a human immunoglobulin are substan 
tially identical to corresponding parts of natural human 
immunoglobulin sequences. 

Anticoagulant: A compound (such as a pharmaceutical 
agent or molecule) that prevents or inhibits the clotting of 
blood. Pharmaceutical anticoagulants can be used to treat 
thrombotic disorders, such as deep vein thrombosis, pulmo 
nary embolism, myocardial infarction and stroke. 

Antigen-binding fragment: As used herein, an antigen 
binding fragment of a monoclonal antibody is a portion of a 
monoclonal antibody that retains its ability to speci?cally 
bind the antigen against which the monoclonal antibody was 
raised. 

Antigen-binding fragments, include but are not limited to 
Fab fragments, Fab'fragments, F(ab)'2 fragments, single 
chain Fv proteins, and disul?de stabilized Fv proteins. 

Antithrombotic: Any compound (such as a pharmaceutical 
agent or molecule) that prevents or inhibits formation of a 
thrombus. Antithrombotic agents include anticoagulants 
(which limit the ability of platelets to clot), antiplatelet drugs 
(which limit the migration and aggregation of platelets) and 
thrombolytic drugs (which dissolve clots after they have 
formed). 

Binding af?nity: Af?nity of an antibody for an antigen. In 
one embodiment, af?nity is calculated by a modi?cation of 
the Scatchard method described by Frankel et al. (M01. Immu 
nol., 16:101-106, 1979). In another embodiment, binding 
af?nity is measured by an antigen/ antibody dissociation rate. 
In another embodiment, a high binding af?nity is measured 
by a competition radioimmunoas say. In another embodiment, 
binding af?nity is measured by ELISA. 

Bleeding disorder: Refers to any congenital, acquired or 
induced defect that results in abnormal (or pathological) 
bleeding. Examples include, but are not limited to, disorders 
of insuf?cient clotting or hemostasis, such as hemophiliaA (a 
de?ciency in Factor VIII), hemophilia B (a de?ciency in 
Factor IX), hemophilia C (a de?ciency in Factor XI), other 
clotting factor de?ciencies (such as FactorVII or Factor XIII), 
abnormal levels of clotting factor inhibitors, platelet disor 
ders, thrombocytopenia, vitamin K de?ciency and von Will 
ebrand’s disease. 

Coagulation: The process of polymerization of ?brin 
monomers, resulting in the transformation of blood or plasma 
from a liquid to a gel phase. Coagulation of liquid blood may 
occur in vitro, intravascularly or at an exposed and injured 
tissue surface. In vitro blood coagulation results in a gelled 
blood that maintains the cellular and other blood components 
in essentially the same relative proportions as found in non 
coagulated blood, except for a reduction in ?brino gen content 
and a corresponding increase in ?brin. 

Competitive inhibitor: Any molecule that completes with 
another molecule for binding to a substrate (such as an anti 
gen). Methods of identifying molecules that are competitive 
inhibitors are well known in the art (for example, competitive 
binding assays). 

Conservative variants: “Conservative” amino acid substi 
tutions are those substitutions that do not substantially affect 
or decrease the af?nity of an antibody to fXI. For example, an 
antibody that speci?cally binds fXI can include at most about 
1, at most about 2, at most about 5, and most about 10, or at 
most about 15 conservative substitutions and speci?cally 
bind the fXI polypeptide. The term conservative variation 
also includes the use of a substituted amino acid in place of an 
unsubstituted parent amino acid, provided that antibody spe 
ci?cally binds fXI. Non-conservative substitutions are those 
that reduce an activity or binding to fXI. 
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10 
Conservative amino acid substitution tables providing 

functionally similar amino acids are well known to one of 
ordinary skill in the art. The following six groups are 
examples of amino acids that are considered to be conserva 
tive substitutions for one another: 

1) Alanine (A), Serine (S), Threonine (T); 
2) Aspartic acid (D), Glutamic acid (E); 
3) Asparagine (N), Glutamine (Q); 
4) Arginine (R), Lysine (K); 
5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); 

and 
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 
Complementarity determining region (CDR): Amino acid 

sequences which together de?ne the binding af?nity and 
speci?city of the natural Fv region of a native Ig binding site. 
The light and heavy chains of an Ig each have three CDRs, 
designated L-CDRl, L-CDR2, L-CDR3 and H-CDRl, 
H-CDR2, H-CDR3, respectively. 

Contacting: Placement in direct physical association; 
includes both in solid and liquid form. 

Domain: A protein structure which retains its tertiary struc 
ture independently of the remainder of the protein. In some 
cases, domains have discrete functional properties and can be 
added, removed or transferred to another protein without a 
loss of function. 

Effector molecule (EM): The portion of a chimeric mol 
ecule that is intended to have a desired effect on a cell or 
system or substance to which the chimeric molecule is tar 
geted. The term effector molecule is interchangeable with 
effector moiety, therapeutic agent, diagnostic agent, and simi 
lar terms. 

Therapeutic agents include such compounds as nucleic 
acids, proteins (including monoclonal antibodies and anti 
gen-binding fragments of monoclonal antibodies), peptides, 
amino acids or derivatives, glycoproteins, radioisotopes, lip 
ids, carbohydrates, recombinant viruses or toxins. Nucleic 
acid therapeutic and diagnostic moieties include antisense 
nucleic acids, derivatized oligonucleotides for covalent cross 
linking with single or duplex DNA, and triplex forming oli 
gonucleotides. Diagnostic agents or moieties include radio 
isotopes and other detectable labels. Detectable labels useful 
for such purposes are also well known in the art, and include 
radioactive isotopes such as 32P, 125I, and 131I, ?uorophores, 
chemiluminescent agents, and enzymes. 

Epitope: An antigenic determinant. These are particular 
chemical groups or peptide sequences on a molecule that are 
antigenic, i.e. that elicit a speci?c cellular immune response. 
An antibody speci?cally binds a particular antigenic epitope 
on a polypeptide, such as fXI. 

Factor XI (fXI): fXI is the zymogen form of activated 
factor XI (fXIa), an enzyme involved in coagulation. This 
protein is found only in mammals. fXI is activated by fXIIa, 
thrombin and via an autocatalytic mechanism (see FIG. 8). 
fXI is synthesized as a single polypeptide chain, but circulates 
as a homodimer formed by disul?de bonds. Each polypeptide 
chain of fXI is approximately 80 kD. During activation of 
factor XI, an internal peptide bond is cleaved by factor XIIa in 
each of the two chains, resulting in activated factor XIa, a 
serine protease composed of two heavy and two light chains 
held together by disul?de bonds. Activated f XI triggers the 
middle phase of the intrinsic pathway of blood coagulation by 
activating factor IX. Defects in this factor lead to Rosenthal 
syndrome (also known as hemophilia C), a blood coagulation 
abnormality. The fXI protein is encoded by the Fl 1 gene. fXI 
is also known as coagulation factor XI or plasma thrombo 
plastin antecedent. As used herein, “coagulation factor XI,” 
“factor XI” or “fXI” refers to any fXI from any mammalian 
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species that expresses the protein. For example, fXI can be 
human, non-human primate (such as baboon), mouse, dog, 
cat, cow, horse, pig, rabbit, raccoon, tiger, anteater, elephant 
(such as African elephant or Asian elephant), or llama. 
Framework region: Amino acid sequences interposed 

between CDRs (or hypervariable regions). Framework 
regions include variable light and variable heavy framework 
regions. Each variable domain comprises four framework 
regions, often referred to as FRl, FR2, FR3 and FR4. The 
framework regions serve to hold the CDRs in an appropriate 
orientation for antigen binding. Framework regions typically 
form [3-sheet structures. 

Fusion partner: Refers to any molecule that is fused (such 
as covalently linked) to another molecule. In the context of 
the present disclosure, an immunoconjugate includes an anti 
body linked to a fusion partner. In some examples, the fusion 
partner is an effector molecule, a label (such as a detectable 
label), a heterologous polypeptide or a drug. 

Hemostasis: Refers to the physiologic process whereby 
bleeding is halted. Hemostatic agents are those that prevent, 
treat or ameliorate abnormal bleeding, such as abnormal 
bleeding caused by a bleeding disorder or bleeding episode. 
Disorders of hemostasis include, for example, platelet disor 
ders, such as idiopathic thrombocytopenic purpura, and dis 
orders of coagulation, such as hemophilia. Hemostasis can 
also refer to the complex interaction between vessels, plate 
lets, coagulation factors, coagulation inhibitors and ?brin 
olytic proteins to maintain the blood within the vascular com 
partment in a ?uid state. The objective of the hemostatic 
system is to preserve intravascular integrity by achieving a 
balance between hemorrhage and thrombosis. As used herein, 
“promoting hemostasis” refers to the process of contributing 
to or improving hemostasis in a subject. For example, an 
agent that promotes hemostasis can be an agent that reduces 
abnormal bleeding, such as by halting bleeding more rapidly, 
or by reducing the amount of blood loss. 

Heterologous: A heterologous polypeptide or polynucle 
otide refers to a polypeptide or polynucleotide derived from a 
different source or species. For example, an immunoconju 
gate comprising a heterologous polypeptide refers to a fusion 
protein in which an antibody (or a portion of an antibody) is 
linked to a different polypeptide, such as a marker protein. 

Immunoconjugate: A covalent linkage of a fusion partner, 
such as an effector molecule, label, heterologous polypeptide 
or other moiety, to an antibody or antigen binding fragment 
thereof. The linkage can be by chemical or recombinant 
means, for instance. In some cases, the linkage is chemical, 
wherein a reaction between the antibody moiety and the 
fusion partner has produced a covalent bond formed between 
the two molecules to form one molecule. A peptide linker 
(short peptide sequence) can optionally be included between 
the antibody and the effector molecule. 

Inhibitory amount or inhibitory dose: Refers to the quantity 
of a speci?c substance su?icient to achieve inhibition of the 
activity of a particular molecule or inhibition of the activation 
of a particular molecule. For instance, this can be the amount 
necessary to inhibit activation of fXI in subject or a sample 
(such as a plasma or serum sample). In some embodiments, 
the inhibitory amount of a monoclonal antibody speci?c for 
fXI, or an antigen-binding fragment thereof, is the amount 
necessary to inhibit activation of fXI by at least 50%. In some 
examples, the inhibitor amount is the amount necessary to 
inhibit activation of fXI by 90-100%. 

Isolated: An “isolated” biological component, such as a 
nucleic acid, protein (including antibodies) or organelle, has 
been substantially separated or puri?ed away from other bio 
logical components in the environment (such as a cell) in 
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12 
which the component naturally occurs, i.e., other chromo 
somal and extra-chromosomal DNA and RNA, proteins and 
organelles. Nucleic acids and proteins that have been “iso 
lated” include nucleic acids and proteins puri?ed by standard 
puri?cation methods. The term also embraces nucleic acids 
and proteins prepared by recombinant expression in a host 
cell as well as chemically synthesized nucleic acids. 

Label: A detectable compound or composition that is con 
jugated directly or indirectly to another molecule, such as an 
antibody or a protein, to facilitate detection of that molecule. 
Speci?c, non-limiting examples of labels include ?uorescent 
tags, enzymatic linkages, and radioactive isotopes. In one 
example, a “labeled antibody” refers to incorporation of 
another molecule in the antibody. For example, the label is a 
detectable marker, such as the incorporation of a radiolabeled 
amino acid or attachment to a polypeptide of biotinyl moieties 
that can be detected by marked avidin (for example, strepta 
vidin containing a ?uorescent marker or enzymatic activity 
that can be detected by optical or colorimetric methods). 
Various methods of labeling polypeptides and glycoproteins 
are known in the art and may be used. Examples of labels for 
polypeptides include, but are not limited to, the following: 
radioisotopes or radionucleotides (such as 35$ or 131I), ?uo 
rescent labels (such as ?uorescein isothiocyanate (FITC), 
rhodamine, lanthanide phosphors), enzymatic labels (such as 
horseradish peroxidase, beta-galactosidase, luciferase, alka 
line phosphatase), chemiluminescent markers, biotinyl 
groups, predetermined polypeptide epitopes recognized by a 
secondary reporter (such as a leucine zipper pair sequences, 
binding sites for secondary antibodies, metal binding 
domains, epitope tags), or magnetic agents, such as gado 
linium chelates. In some embodiments, labels are attached by 
spacer arms of various lengths to reduce potential steric hin 
drance. 

Linker: “Linker” in some embodiments refers to a peptide 
serving to link a targeting moiety, such as an antibody, to a 
binding partner, such as a detectable label or heterologous 
polypeptide. In some cases, a linker is a peptide within an 
antibody binding fragment (such as an Fv fragment) which 
serves to indirectly bond the variable heavy chain to the 
variable light chain. 

The terms “conjugating,” “joining,” “bonding” or “link 
ing” refer to making two polypeptides into one contiguous 
polypeptide molecule, or to covalently attaching a radionu 
clide or other molecule to a polypeptide, such as an scFv. In 

the speci?c context, the terms include reference to joining a 
ligand, such as an antibody moiety, to a fusion partner. The 
linkage can be either by chemical or recombinant means. 
“Chemical means” refers to a reaction between the antibody 
moiety and the fusion partner such that there is a covalent 
bond formed between the two molecules to form one mol 
ecule. 
Mammal: This term includes both human and non-human 

mammals. Similarly, the term “subject” includes both human 
and veterinary subjects. 

Operably linked: A ?rst nucleic acid sequence is operably 
linked with a second nucleic acid sequence when the ?rst 
nucleic acid sequence is placed in a functional relationship 
with the second nucleic acid sequence. For instance, a pro 
moter, such as the CMV promoter, is operably linked to a 
coding sequence if the promoter affects the transcription or 
expression of the coding sequence. Generally, operably 
linked DNA sequences are contiguous and, where necessary 
to join two protein-coding regions, in the same reading frame. 
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ORF (open reading frame): A series of nucleotide triplets 
(codons) coding for amino acids without any termination 
codons. These sequences are usually translatable into a pep 
tide. 

Parenteral: Refers to administration other than through the 
alimentary canal (the digestive tract), such as by subcutane 
ous, intramuscular, intrasternal or intravenous administra 
tion. 

Pathological activation: As used herein, “pathological acti 
vation of fXI” refers to the undesired or abnormal activation 
of fXI which can result in harmful effects (such as the pro 
motion of thrombosis) to a subject exhibiting such pathologi 
cal activation. 

Pharmaceutical agent: A chemical compound or composi 
tion capable of inducing a desired therapeutic or prophylactic 
effect when properly administered to a subject or a cell. 

Pharmaceutically acceptable carriers: The pharmaceuti 
cally acceptable carriers of use are conventional. Reming 
ton ’s Pharmaceutical Sciences, by E. W. Martin, Mack Pub 
lishing Co., Easton, Pa., 15th Edition, 1975, describes 
compositions and formulations suitable for pharmaceutical 
delivery of the antibodies disclosed herein. 

In general, the nature of the carrier will depend on the 
particular mode of administration being employed. For 
instance, parenteral formulations usually comprise injectable 
?uids that include pharmaceutically and physiologically 
acceptable ?uids such as water, physiological saline, bal 
anced salt solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For solid compositions (such as powder, pill, tablet, 
or capsule forms), conventional non-toxic solid carriers can 
include, for example, pharmaceutical grades of mannitol, 
lactose, starch, or magnesium stearate. In addition to biologi 
cally neutral carriers, pharmaceutical compositions to be 
administered can contain minor amounts of non-toxic auxil 
iary substances, such as wetting or emulsifying agents, pre 
servatives, and pH buffering agents and the like, for example 
sodium acetate or sorbitan monolaurate. 

Preventing, treating or ameliorating a disease: “Prevent 
ing” a disease refers to inhibiting the full development of a 
disease. “Treating” refers to a therapeutic intervention that 
ameliorates a sign or symptom of a disease or pathological 
condition after it has begun to develop. “Ameliorating” refers 
to the reduction in the number or severity of signs or symp 
toms of a disease, such as cancer. 

Promoter: A promoter is an array of nucleic acid control 
sequences that directs transcription of a nucleic acid. A pro 
moter includes necessary nucleic acid sequences near the 
start site of transcription, for example, in the case of a poly 
merase II type promoter, a TATA element. A promoter also 
optionally includes distal enhancer or repressor elements 
which can be located as much as several thousand base pairs 
from the start site of transcription. Both constitutive and 
inducible promoters are included (see for example, Bitter et 
al., Methods in Enzymology 153:516-544, 1987). 

Puri?ed: The term puri?ed does not require absolute 
purity; rather, it is intended as a relative term. Thus, for 
example, a puri?ed peptide preparation is one in which the 
peptide or protein is more enriched than the peptide or protein 
is in its natural environment within a cell. In one embodiment, 
a preparation is puri?ed such that the protein or peptide rep 
resents at least 50%, such as at least 60%, at least 70%, at least 
80%, at least 90%, at least 95%, or at least 98%, of the total 
peptide or protein content of the preparation. 

Recombinant: A recombinant nucleic acid is one that has a 
sequence that is not naturally occurring or has a sequence that 
is made by an arti?cial combination of two otherwise sepa 
rated segments of sequence. This arti?cial combination is 
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14 
often accomplished by chemical synthesis or, more com 
monly, by the arti?cial manipulation of isolated segments of 
nucleic acids, for example, by genetic engineering tech 
niques. 

Sequence identity: The similarity between amino acid 
sequences is expressed in terms of the similarity between the 
sequences, otherwise referred to as sequence identity. 
Sequence identity is frequently measured in terms of percent 
age identity (or similarity or homology); the higher the per 
centage, the more similar the two sequences are. Homologs or 
variants of a polypeptide will possess a relatively high degree 
of sequence identity when aligned using standard methods. 

Methods of alignment of sequences for comparison are 
well known in the art. Various programs and alignment algo 
rithms are described in: Smith and Waterman, Adv. Appl. 
Math. 2:482, 1981; Needleman and Wunsch, J. Mol. Biol. 
48:443, 1970; Pearson and Lipman, Proc. Natl. Acad. Sci. 
U.S.A. 85:2444, 1988; Higgins and Sharp, Gene 73:237, 
1988; Higgins and Sharp, CABIOS 5:151, 1989; Corpet et al., 
Nucleic Acids Research 16:10881, 1988; and Pearson and 
Lipman, Proc. Natl. Acad. Sci. U.S.A. 85:2444, 1988. Alts 
chul et al., Nature Genet. 6:119, 1994, presents a detailed 
consideration of sequence alignment methods and homology 
calculations. 
The NCBI Basic Local Alignment Search Tool (BLAST) 

(Altschul et al., J. Mol. Biol. 215:403, 1990) is available from 
several sources, including the National Center for Biotech 
nology Information (NCBI, Bethesda, Md.) and on the inter 
net, for use in connection with the sequence analysis pro 
grams blastp, blastn, blastx, tblastn and tblastx. A description 
of how to determine sequence identity using this program is 
available on the NCBI website on the intemet. 
Homologs and variants of a VL or aVH of an antibody that 

speci?cally binds a DU polypeptide are typically character 
ized by possession of at least about 75%, for example at least 
about 80%, 90%, 95%, 96%, 97%, 98% or 99% sequence 
identity counted over the full length alignment with the amino 
acid sequence of the antibody using the NCBI Blast 2.0, 
gapped blastp set to default parameters. For comparisons of 
amino acid sequences of greater than about 30 amino acids, 
the Blast 2 sequences function is employed using the default 
BLOSUM62 matrix set to default parameters (gap existence 
cost of 11, and a per residue gap cost of 1). When aligning 
short peptides (fewer than around 30 amino acids), the align 
ment should be performed using the Blast 2 sequences func 
tion, employing the PAM30 matrix set to default parameters 
(open gap 9, extension gap 1 penalties). Proteins with even 
greater similarity to the reference sequences will show 
increasing percentage identities when assessed by this 
method, such as at least 80%, at least 85%, at least 90%, at 
least 95%, at least 98%, or at least 99% sequence identity. 
When less than the entire sequence is being compared for 
sequence identity, homologs and variants will typically pos 
sess at least 80% sequence identity over short windows of 
10-20 amino acids, and may possess sequence identities of at 
least 85% or at least 90% or 95% depending on their similar 
ity to the reference sequence. Methods for determining 
sequence identity over such short windows are available at the 
NCBI website on the internet. One of skill in the art will 
appreciate that these sequence identity ranges are provided 
for guidance only; it is entirely possible that strongly signi? 
cant homologs could be obtained that fall outside of the 
ranges provided. 

Speci?c binding agent: An agent that binds substantially 
only to a de?ned target. Thus a fXI speci?c binding agent is an 
agent that binds substantially to a fXI polypeptide, but not to 
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other molecules. In one embodiment, the speci?c binding 
agent is a monoclonal antibody that speci?cally binds the fXI 
polypeptide. 

The term “speci?cally binds” refers, with respect to an 
antigen such as fXI, to the preferential association of an 
antibody or other ligand, in whole or part, with a cell or tissue 
bearing that antigen and not to cells or tissues lacking that 
antigen. It is recognized that a certain degree of non-speci?c 
interaction may occur between a molecule and a non-target 

cell or tissue. Nevertheless, speci?c binding may be distin 
guished as mediated through speci?c recognition of the anti 
gen. Although selectively reactive antibodies bind antigen, 
they may do so with low af?nity. On the other hand, speci?c 
binding results in a much stronger association between the 
antibody (or other ligand) and cells bearing the antigen than 
between the bound antibody (or other ligand) and cells lack 
ing the antigen. Speci?c binding typically results in greater 
than 2-fold, such as greater than 5-fold, greater than 10-fold, 
or greater than lOO-fold increase in amount of bound anti 
body or other ligand (per unit time) to a cell or tissue bearing 
the fXI polypeptide as compared to a cell or tissue lacking the 
polypeptide. Speci?c binding to a protein under such condi 
tions requires an antibody that is selected for its speci?city for 
a particular protein. A variety of immunoassay formats are 
appropriate for selecting antibodies or other ligands speci? 
cally immunoreactive with a particular protein. For example, 
solid-phase ELISA immunoassays are routinely used to 
select monoclonal antibodies speci?cally immunoreactive 
with a protein. See Harlow & Lane, Antibodies, A Laboratory 
Manual, Cold Spring Harbor Publications, New York (1988), 
for a description of immunoassay formats and conditions that 
can be used to determine speci?c immunoreactivity. 

Subject: Living multi-cellular vertebrate organisms, a cat 
egory that includes both human and veterinary subjects, 
including human and non-human mammals. In some embodi 
ments, a subject is any mammal, such as a human, non-human 
primate or veterinary subject such as a dog. 

Therapeutically effective amount: A quantity of a speci?c 
substance suf?cient to achieve a desired effect in a subject 
being treated. For instance, this can be the amount necessary 
to inhibit activation of fXI. When administered to a subject, a 
dosage will generally be used that will achieve target tissue 
concentrations that has been shown to achieve a desired in 
vitro effect. 

Thrombosis: The formation or presence of a clot (also 
called a “thrombus”) inside a blood vessel, obstructing the 
?ow of blood through the circulatory system. 

Thrombosis is usually caused by abnormalities in the com 
position of the blood, quality of the vessel wall and/ or nature 
of the blood ?ow. The formation of a clot is often caused by an 
injury to the vessel wall (such as from trauma or infection) 
and by the slowing or stagnation of blood ?ow past the point 
of injury. In some cases, abnormalities in coagulation cause 
thrombosis. 

Transduced: A transduced cell is a cell into which has been 
introduced a nucleic acid molecule by molecular biology 
techniques. As used herein, the term transduction encom 
passes all techniques by which a nucleic acid molecule might 
be introduced into such a cell, including transfection with 
viral vectors, transformation with plasmid vectors, and intro 
duction of naked DNA by electroporation, lipofection, and 
particle gun acceleration. 

Vector: A nucleic acid molecule as introduced into a host 
cell, thereby producing a transformed host cell. A vector may 
include nucleic acid sequences that permit it to replicate in a 
host cell, such as an origin of replication. A vector may also 
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16 
include one or more selectable marker genes and other 
genetic elements known in the art. 

Unless otherwise explained, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. The singular terms “a,” “an,” and “the” 
include plural referents unless context clearly indicates oth 
erwise. Similarly, the word “or” is intended to include “and” 
unless the context clearly indicates otherwise. Hence “com 
prising A or B” means including A, or B, or A and B. It is 
further to be understood that all base sizes or amino acid sizes, 
and all molecular weight or molecular mass values, given for 
nucleic acids or polypeptides are approximate, and are pro 
vided for description. Although methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present disclosure, suitable methods 
and materials are described below. All publications, patent 
applications, patents, and other references mentioned herein 
are incorporated by reference in their entirety. In case of 
con?ict, the present speci?cation, including explanations of 
terms, will control. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 

IV. Monoclonal Antibodies Speci?c for Factor-XI 

Described herein are monoclonal antibodies, and antigen 
binding fragments thereof, that are speci?c for coagulation 
factor XI (fXI) and universally recognize fXI from numerous 
and diverse mammalian species. The disclosed antibodies 
prevent fXI activation by fXIIa, but do not signi?cantly inter 
fere with thrombin- or tissue factor-mediated activation of 
fXI, which is important for the maintenance of hemostasis. As 
a result, the disclosed antibodies are useful for inhibiting 
thrombosis without signi?cantly altering hemostasis. As 
described herein, the disclosed anti-fXI monoclonal antibod 
ies are capable of binding fXI from a number of different 
mammalian species, including, but not limited to, human, 
mouse, baboon, anteater, cow, horse, pig, rabbit, raccoon, 
tiger, cat, dog, African elephant and llama. 

Thus, provided herein are isolated monoclonal antibodies, 
or antigen-binding fragments thereof, that speci?cally bind 
fXI and prevent activation of fXI by fXIIa. In some embodi 
ments, the isolated monoclonal antibodies, or antigen-bind 
ing fragments thereof, include a VL comprising at least a 
portion of the amino acid sequence of SEQ ID NO: 1, such as 
one or more CDRs of SEQ ID NO: 1. In some embodiments, 
the isolated monoclonal antibodies, or antigen-binding frag 
ments thereof, include a VH comprising at least a portion of 
the amino acid sequence of SEQ ID NO: 3, such as one or 
more CDRs ofSEQ ID NO: 1 . In some examples, theVL ofthe 
antibody or fragment comprises amino acids 24-34 (CDRl), 
50-63 (CDR2), and/or 91-98 (CDR3) of SEQ ID NO: 1. In 
some examples, theVHof the antibody or fragment comprises 
amino acids 31-35 (CDRl), 50-68 (CDR2) and/or 98-105 
(CDR3) of SEQ ID NO: 3. In some embodiments, the mono 
clonal antibodies or antigen-binding fragment thereof include 
sequence from both SEQ ID NO:1 and SEQ ID NO: 3. Fur 
ther contemplated by the current disclosure are any fXI 
speci?c antibodies that are competitive inhibitors of antibod 
ies comprising portions of SEQ ID NO: 1 and/or SEQ ID NO: 
3 for binding to fXI. 

In some embodiments, the amino acid sequence of the VL 
is at least 80%, at least 85%, at least 90%, at least 95% or at 
least 99% identical to SEQ ID NO: 1. In other embodiments, 
the amino acid sequence of the VL comprises SEQ ID NO: 1 
or consists of SEQ ID NO: 1. 
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In some embodiments, the amino acid sequence of the VH 
is at least 80%, at least 85%, at least 90%, at least 95% or at 
least 99% identical to SEQ ID NO: 3. In other embodiments, 
the amino acid sequence of the VH comprises SEQ ID NO: 3 
or consists of SEQ ID NO: 3. 

In particular examples, the isolated monoclonal antibody 
or antigen-binding fragment thereof includes a VL with an 
amino acid sequence comprising SEQ ID NO: 1 and a VH 
with an amino acid sequence comprising SEQ ID NO: 3. 

The disclosed fXI-speci?c antibodies can be, for example, 
murine antibodies, chimeric antibodies (e. g., having both 
murine and human sequences), humanized antibodies or fully 
human antibodies. In particular examples, the antibodies are 
humanized antibodies. 

The fXI-speci?c monoclonal antibodies or antigen-bind 
ing fragments of the current disclosure can be any isotype, 
including IgG, IgM, IgE, IgD or IgA. The antibodies can 
further be any subtype. For example, IgG antibodies include 
subtypes IgGl, IgG2 (including IgG2a and IgGZb), IgG3 and 
IgG4. The class of an antibody that speci?cally binds fXI can 
be switched with another. In one aspect, a nucleic acid mol 
ecule encoding VL or VH is isolated using methods well 
known in the art, such that it does not include any nucleic acid 
sequences encoding the constant region of the light or heavy 
chain, respectively. The nucleic acid molecule encoding VL or 
VH is then operatively linked to a nucleic acid sequence 
encoding a C L or C Hfrom a different class of immunoglobulin 
molecule. This can be achieved using a vector or nucleic acid 
molecule that comprises a C L or C H chain, as known in the art. 
For example, an antibody that speci?cally binds fXI that was 
originally IgG may be class switched to an IgM. Class switch 
ing can also be used to convert one IgG subclass to another, 
such as from IgGl to IgG2. 

Antibody fragments are encompassed by the present dis 
closure, such as Fab, F(ab')2, and Fv which include a heavy 
chain and light chain variable region and are capable of bind 
ing the epitopic determinant on fXI. These antibody frag 
ments retain the ability to selectively bind with the antigen. 
These fragments include: 

(1) Fab, the fragment which contains a monovalent anti 
gen-binding fragment of an antibody molecule, can be pro 
duced by digestion of whole antibody with the enzyme papain 
to yield an intact light chain and a portion of one heavy chain; 

(2) Fab', the fragment of an antibody molecule can be 
obtained by treating whole antibody with pep sin, followed by 
reduction, to yield an intact light chain and a portion of the 
heavy chain; two Fab' fragments are obtained per antibody 
molecule; 

(3) (Fab')2, the fragment of the antibody that can be 
obtained by treating whole antibody with the enzyme pepsin 
without subsequent reduction; F(ab')2 is a dimer of two Fab' 
fragments held together by two disul?de bonds; 

(4) EV, a genetically engineered fragment containing the 
variable region of the light chain and the variable region of the 
heavy chain expressed as two chains; 

(5) Single chain antibody (such as scFv), de?ned as a 
genetically engineered molecule containing the variable 
region of the light chain, the variable region of the heavy 
chain, linked by a suitable polypeptide linker as a genetically 
fused single chain molecule; and 

(6) A dimer of a single chain antibody (scFVZ), de?ned as 
a dimer of a scFV. This has also been termed a “minianti 
body.” 

Methods of making these fragments are known in the art 
(see for example, Harlow and Lane, Antibodies: A Labora 
tory Manual, Cold Spring Harbor Laboratory, New York, 
1 988). 
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In a further group of embodiments, the antibodies are Fv 

antibodies, which are typically about 25 kDa and contain a 
complete antigen-binding site with three CDRs in each heavy 
chain and each light chain. To produce these antibodies, the 
VH and the VL can be expressed from two individual nucleic 
acid constructs in a host cell. If the VH and the VL are 
expressed non-contiguously, the chains of the EV antibody are 
typically held together by noncovalent interactions. However, 
these chains tend to dissociate upon dilution, so methods have 
been developed to crosslink the chains through glutaralde 
hyde, intermolecular disul?des, or a peptide linker. Thus, in 
one example, the EV can be a disul?de stabilized Fv (dst), 
wherein the heavy chain variable region and the light chain 
variable region are chemically linked by disul?de bonds. 

In an additional example, the EV fragments comprise VH 
and VL chains connected by a peptide linker. These single 
chain antigen binding proteins (scFv) are prepared by con 
structing a structural gene comprising DNA sequences 
encoding the VHandVL domains connected by an oligonucle 
otide. The structural gene is inserted into an expression vec 
tor, which is subsequently introduced into a host cell such as 
E. coli. The recombinant host cells synthesize a single 
polypeptide chain with a linker peptide bridging the two V 
domains. Methods for producing scFvs are known in the art 
(see Whitlow et al., Methods: a Companion to Methods in 
Enzymology, Vol. 2, page 97, 1991; Bird et al., Science 242: 
423, 1988; US. Pat. No. 4,946,778; Pack et al., Bio/Technol 
ogy 11:1271, 1993). Dimers of a single chain antibody 
(scFVZ), are also contemplated. 
Antibody fragments can be prepared by proteolytic 

hydrolysis of the antibody or by expression in E. coli of DNA 
encoding the fragment. Antibody fragments can be obtained 
by pepsin or papain digestion of whole antibodies by conven 
tional methods. For example, antibody fragments can be pro 
duced by enzymatic cleavage of antibodies with pepsin to 
provide a SS fragment denoted F(ab')2. This fragment can be 
further cleaved using a thiol reducing agent, and optionally a 
blocking group for the sulfhydryl groups resulting from 
cleavage of disul?de linkages, to produce 3.5S Fab' monova 
lent fragments. Alternatively, an enzymatic cleavage using 
pepsin produces two monovalent Fab' fragments and an Fc 
fragment directly (see US. Pat. No. 4,036,945 and US. Pat. 
No. 4,331,647, and references contained therein; Nisonhoff 
et al., Arch. Biochem. Biophys. 89:230, 1960; Porter, Bio 
chem. ]. 73: 119, 1959; Edelman et al., Methods in Enzymol 
ogy, Vol. 1, page 422, Academic Press, 1967; and Coligan et 
al. at sections 2.8.1-2.8.10 and 2101-2104). 

Other methods of cleaving antibodies, such as separation 
of heavy chains to form monovalent light-heavy chain frag 
ments, further cleavage of fragments, or other enzymatic, 
chemical, or genetic techniques may also be used, so long as 
the fragments bind to the antigen that is recognized by the 
intact antibody. 
One of skill will realize that conservative variants of the 

antibodies can be produced. Such conservative variants 
employed in antibody fragments, such as dst fragments or 
in scFv fragments, will retain critical amino acid residues 
necessary for correct folding and stabilizing between the VH 
and the VL regions, and will retain the charge characteristics 
of the residues in order to preserve the low pI and low toxicity 
of the molecules Amino acid substitutions (such as at most 
one, at most two, at most three, at most four, or at most ?ve 
amino acid substitutions) can be made in the VH and the VL 
regions to increase yield. Conservative amino acid substitu 
tion tables providing functionally similar amino acids are 
well known to one of ordinary skill in the art. 




































