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COMBINATION THERAPY USING A FACTOR XIil INHIBITOR AND A C1-
INHIBITOR

This application relates to the use of at least one C1-Inhibitor (C1 esterase inhibitor
or C1-INH) and at least one Factor Xll inhibitor in the treatment of disorders of the
contact activation system. Compositions comprising at least one C1-INH and at
least one Factor XlI inhibitor are also provided.

Two converging pathways for coagulation exist that are triggered by either
“extrinsic” (vessel wall) or “intrinsic” (blood-borne) components of the vascular
system. The "intrinsic" or contact activation pathway is initiated when Factor XIi
(FXIl, Hageman factor) comes into contact with negatively charged surfaces in a
reaction involving high molecular weight kininogen and plasma kallikrein. Factor XII
is a serine protease and, once activated (FXlla), it further activates circulating FXII
in a positive feedback reaction (directly or via activation of prekallikrein). FXlla also
activates Factor X| and blood coagulation proceeds in a reaction cascade involving
the activation of further factors by limited proteolysis culminating in the generation
of thrombin, which converts plasma fibrinogen to fibrin and activates platelets.

Although FXII is the initiating factor in the intrinsic pathway, FXII deficiency is not
associated with an increase in spontaneous or injury-related bleeding complications
(Ratnoff & Colopy, J Clin Invest 34, 602-13 (1955)). Indeed, humans that are
deficient in FXIlI do not suffer from abnormal bleeding even during major surgical
procedures (Colman, R. W. Hemostasis and Thrombosis. Basic Principles &
Clinical Practice (eds. Colman et al.) 103-122 (Lippincott Williams & Wilkins,
Philadelphia, 2001)).
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In some prior reports, FXIl deficiency had been associated with increased risk of
venous thrombosis. (Kuhli et al., Am. J. Opthalmol. 137, 459-464 (2004):
Halbmayer et al., Wiener Med. Wochschr. 143, 43-50 (1993).) Studies and case
reports supporting this idea referred to the index case for FXIl deficiency, John
Hageman, who died of pulmonary embolism. However, this hypothesis was
challenged by a recent reevaluation of several case reports linking FXII deficiency
with thrombosis. (Girolami et al., J. Thromb. Thrombolysis 17, 139-143 (2004)). In
most cases the authors identified concomitant congenital or acquired prothrombotic
risk factors in combination with FXIl deficiency that could be responsible for the
thrombotic event independently of FXII. Large epidemiological studies using well
characterized patients (Koster et al., Br. J. Haematol. 87, 422-424 (1994)) and FXII-
deficient families (Zeerleder et al., Thromb. Haemost. 82, 1240-1246 (1999))
indicate that there is no correlation between FXII deficiency and a pro-thrombotic

risk.

More recently, Kleinschnitz et al. reported a role for FXII in pathological thrombosis
in cerebral ischemia. (Kleinschnitz et al., J. Exp. Med. 203:513-8 (2006)). And
studies in FXII-deficient mice have suggested that FXIl is involved in pathological
arterial thrombus formation by stabilizing newly generated thrombi. See US
2008/0254039 and WO 2006/066878.

C1-Inhibitor (C1-INH) is a serine protease inhibitor and the physiological inhibitor of
the endogenous contact activation system. It inhibits several proteases associated
with the complement, kallikrein-kinin, and coagulation systems, including FXII.
Based on its central role in regulating the classical complement pathway and the
involvement of complement-mediated inflammation in reperfusion injury, the effects
of C1-INH administration on the neurological deficit and infarction size following
stroke have been investigated. It was found that C1-INH has potent neuroprotective
properties in mouse models of cerebral ischemia. (See, e.g., De Simoni et al., J.
Cereb. Blood Flow Metab. 23(2): 232-239 (2003)). Furthermore, C1-INH is also an
approved therapy for patients with hereditary angioedema (HAE).



10

15

20

25

30

WO 2014/207199 PCT/EP2014/063691

Thrombus (blood clot) formation is a physiological response to injury that reduces
blood loss. Vessel wall injury triggers sudden adhesion and aggregation of blood
platelets, followed by the activation of the plasma coagulation system and the
formation of fibrin-containing thrombi, which seal the site of injury (i.e. the injury in
the vessel wall). These events limit posttraumatic blood loss but, under pathological
conditions, may also occlude diseased vessels, leading to ischemia and/or
infarction of vital tissues and organs. Subsequently, inflammation and/or other
physiological responses secondary to occlusion or disruption of blood flow can
further damage a tissue or organ. Other diseases and disorders associated with the
contact activation pathway, such as those of the kinin-kallikrein or the complement
systems, can likewise lead to damage of vital organs and tissues.

Despite these initial studies, there remains a need for improved treatment of
disorders of the contact activation system, such as thrombosis, and particularly for
treatments that can provide improved efficacy and/or enable the use of lower doses
of costly therapeutic agents. In that regard, the inventors have discovered that
treatment of and protection from disorders of the contact activation system, such as
arterial thrombosis, could be synergistically enhanced by administering at least one
FXII inhibitor (e.g., rHA-Infestin-4) and at least one C1-INH (e.g., BERINERT®).

Accordingly, disclosed herein are combination therapies comprising the use of at
least one C1-Inhibitor (C1 esterase inhibitor or C1-INH) and at least one Factor XII
inhibitor (FXII inhibitor), wherein the FXII inhibitor is not C1-INH, in the treatment of
disorders of the contact activation system. The disorder of the contact activation
system can be selected from a thrombotic disorder, an interstitial lung disorder, a
fibroproliferative disorder, idiopathic pulmonary fibrosis, a neurological inflammatory
disorder, a disorder related to kinin formation, a disorder of the complement
activation system, and an ischemia-reperfusion injury (IRl), and therapy can
comprise administering an effective amount of at least one FXII inhibitor and at
least one C1-Inhibitor C1-INH.
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In some embodiments, the at least one FXII inhibitor can comprise a wild type
Infestin-4 polypeptide sequence (SEQ ID NO: 1) or an Infestin-4 sequence
harboring 1-5 amino acid mutations outside of N-terminal amino acid positions 2-13
of SEQ ID NO: 1 and/or a homology of at least 70%, 80%, 85%, 90%, 95%, 98%, or
99% to SEQ ID NO: 1 and retaining six conserved cysteine residues from SEQ ID
NO: 1. In some embodiments, the at least one FXII inhibitor can comprise a wild-
type SPINK-1 polypeptide sequence (SEQ ID NO: 2), or a wild-type SPINK-1
polypeptide sequence in which N-terminal amino acid positions 2-13 have been
replaced with the N-terminal amino acids 2-13 of SEQ ID NO: 1; and optionally
further modified to contain 1-5 additional amino acid mutations that increase the
homology of the polypeptide sequence to the sequence of SEQ ID NO: 1, and/or a
homology of at least 70%, 80%, 85%, 90%, 95%, 98%, or 99% to SEQ ID NO: 2
and retaining six conserved cysteine residues from SEQ ID NO: 2. In certain
embodiments, the at least one FXII inhibitor can comprise an anti-FXII antibody. In
some embodiments, the at least one FXII inhibitor can be linked to a fusion partner
(e.g., a half-life enhancing polypeptide) either directly or via a linker.

In various embodiments, the at least one C1-INH is a plasma-derived C1-Inhibitor
and/or a recombinant C1-Inhibitor. In some embodiments, the at least one C1-INH
is identical to the naturally occurring human protein or is a functional variant thereof.
In some embodiments, the at least one C1-INH is a plasma-derived human C1
Esterase Inhibitor and/or a recombinant human C1 Esterase Inhibitor.

In various embodiments, the at least one FXII inhibitor and the at least one C1-INH
are administered prophylactically, or they are administered after a patient develops
a disorder of the contact activation system. The at least one FXII inhibitor and the at
least one C1-INH can be administered at the same time, the FXII inhibitor can be
administered first, or the C1-INH can be administered first. The at least one FXII
inhibitor and the at least one C1-INH can be administered once, or multiple times

(e.g., repeated administration to treat a chronic disorder, as a repeated prophylactic
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treatment, or as a repeated treatment during or following an incidence of a disorder
of the contact activation system).

In some embodiments, a kit is provided, comprising at least one FXII inhibitor, at
least one C1-INH, instructions for using the kit in the treatment of a disorder of the
contact activation system, and optionally, at least one further therapeutically active
compound or drug, wherein the at least one FXII inhibitor and the at least one C1-
INH are provided in separate containers or are mixed together in a single container
and wherein the FXII inhibitor is not C!-INH.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the time course of arterial occlusion, as well as the occlusion rates,
in an FeCls-induced arterial thrombosis model in rats following treatment with a
Factor XII inhibitor (rHA-Infestin-4), C1-INH, or a combination of the two.

Figure 2 shows the occlusion rate in an FeCls-induced arterial thrombosis model in
rats following treatment with a Factor Xl inhibitor (rHA-Infestin-4) or C1-INH

individually or in combination.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS

The embodiments of the application pertain to methods comprising administering at
least one Factor XlI (FXII) inhibitor and at least one C1 esterase inhibitor (C1-INH)
to a patient to treat disorders of the contact activation system. In some
embodiments, the combination provides synergistic effects as compared to either
component when administered as a monotherapy. In some embodiments, the
synergistic effectiveness of the combination enables the use of reduced dosages
for either or both components of the combination, potentially reducing treatment
cost and the risk of potential side effects such as an immune response to either or
both components. In addition, a combination therapy can interact with multiple
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pathways underlying the pathophysiology of the diseases treated by the
combination, potentially providing more effective treatment to a broader range of
patient populations.

Definitions

In this application, the use of the singular (such as “a” or “the”) includes the plural
unless specifically stated otherwise. Also in this application, the use of “or” means
“and/or” unless stated otherwise. Furthermore, the use of the term “including,” as
well as other forms, such as “includes” and “included,” are not limiting. Any range
described here will be understood to include the endpoints and all values between
the endpoints.

The section headings are for organizational purposes only and are not to be
construed as limiting the subject matter described. All documents or portions of
documents cited in this application, including but not limited to patents, patent
applications, articles, books, and treatises, are hereby expressly incorporated by
reference in their entirety for any purpose. To the extent publications and patents or
patent applications incorporated by reference contradict the invention contained in
the specification, the specification will supersede any contradictory material.

As used herein, a “FXII inhibitor” refers to an inhibitor of either or both of Factor XIlI
(prior to activation) and activated Factor Xll (FXlla), while the terms “C1 Inhibitor,”
“C1 esterase inhibitor,” and “C1-INH” refer to serine protease inhibitors that bind to
and inhibit proteins in the C1 complex, preventing activation of circulating proteases
and/or inhibiting activated proteases associated with the complement system, the
kallikrein-kinin system, and/or the coagulation system. A C1-INH can be plasmatic
(i.e. plasma-derived), recombinant, or a combination of the two. A C1-INH can be
identical to the naturally occurring human protein or a functional variant thereof.
FXII inhibitors and C1-INHs encompass functional variants and fragments of the
wild-type inhibitors. A functional variant or fragment is a molecule that retains at
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least 50% (e.g., 50, 60, 70, 80, 90, 95, 99, or 100%, or any percentage in between)
of the ability of the wild-type molecule to inhibit FXII or C1 activity.

A “disorder of the contact activation system,” as used herein, refers to a disorder
that pathophysiologically involves, affects, and/or alters the activity levels of one or
more of the coagulation system, the complement system and the kallikrein-kinin
system, all of which are involved with or originate in the contact activation pathway.
Disorders of the contact activation system include thrombotic disorders, disorders
related to kinin formation, interstitial lung disorders, disorders of the complement
activation system, neurological inflammatory disorders, or ischemia-reperfusion
injuries (IRI), all of which are associated with pathologic activity of the contact

activation pathway.

As used here, the terms “treat” and “treating” encompass preventing, inhibiting,
eliminating, delaying the onset, slowing, lessening, reducing the severity, or
ameliorating at least one sign, symptom, or aspect of a disorder or disease.
Treating does not require a complete elimination of symptoms, in that it
encompasses but is not equivalent to “cure” or “curing”. In some embodiments, a
patient can be treated to prevent a disorder, meaning either administering therapy
to a subject known to be at risk for developing a disorder of the contact activation
system (for example, the subject has one or more predisposing factor for one or
more of the disorders described above) or, in those disorders where recurrence is
likely, administering therapy after a primary event, e.g., inhibiting a second event in
a patient who has experienced a primary event. For example, treating a thrombotic
disorder can include preventing the formation, growth, or embolism of a thrombus.
In some embodiments, “treat” or “treating” can also include ameliorating the effects
of a disorder or disease. The terms “ameliorating” and “ameliorating the effects”
mean that some aspect of the disorder or disease that produces an impairment of
one or more patient function is improved. For example, treating a stroke can include

preventing a stroke, ameliorating the effects of the stroke, or reducing the severity
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of the stroke (as measured, e.g., by the extent of tissue damage or the loss of

neurological function).

As used herein, a “patient” is any human or animal that has, has had, or is likely to
develop a disorder of the contact activation pathway and who could benefit from the
administration of at least one FXIl inhibitor and at least one C1-INH. The
administration of a FXII inhibitor and/or a C1-INH can be by any known method of
delivering a pharmaceutical or therapeutic agent to a patient, including, without
limitation, parenteral administration (e.g., subdural, subcutaneous, intravenous,
intra-arterial, intramuscular, intrathecal, intranasal, intratracheal, inhalative, and/or
intraperitoneal injection), oral, and/or rectal administration, as well as administration
by instillation, spray application, and/or infusion techniques. In certain

embodiments, the administration can be done intravenously or subcutaneously.

As used herein, an “antibody” includes any polypeptide comprising a functional
antigen-binding site, including immunoglobulins and antigen-binding parts or
fragments thereof. A functional antigen-binding part or fragment is a molecule that
retains at least 50% (e.g., 50, 60, 70, 80, 90, 95, 99, or 100%, or any percentage in
between) of the ability of the full-length antibody to bind to and inhibit the antigen.
The term antibody includes but is not limited to polyclonal, monoclonal,
monospecific, polyspecific, non-specific, humanized, fully human, camelized,
single-chain, chimeric, synthetic, recombinant, hybrid, mutated, back-mutated, and
CDR-grafted antibodies. The term also includes antibody fragments such as Fab,
F(ab')2, Fv, scFv, Fd, dAb, VHH (also referred to as nanobodies), and other
antibody fragments or variants that retain antigen-binding function, including bi-
specific or multi-specific antibodies. An antibody can be of any isotype, including
IgA, IgD, IgE, IgG, and IgM. As used herein, an “antigen” is a target molecule that is
capable of being bound by an antibody. As used herein, the term “antigen-binding
site” refers to the part of an antibody molecule capable binding to or complementary

to a part or all of an antigen.
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As used herein, a “synergistic”’ effect refers to a therapeutic effect observed after
administering at least one C1-INH and at least one FXII inhibitor that is greater than
the sum of the therapeutic effects observed from administering a C1-INH as a
monotherapy and a FXIl inhibitor as a monotherapy. For example, a synergistic
effect could include a greater increase in blood flow and/or reduction in thrombosis
incidence after administering at least one C1-INH and at least one FXII inhibitor to a
patient at risk for or suffering from a thrombotic event than that observed from the
sum of the monotherapies. Likewise, another example of a synergistic effect in a
patient being treated for a disorder of the contact activation system could include a
greater reduction in the amount of tissue damage or the level of functional loss
(e.g., the loss of neurological function) beyond that expected from adding the
effects of a C1-INH and a FXII inhibitor monotherapy.

L Disorders of the Contact Activation System

In some embodiments, at least one FXII inhibitor and at least one C1-INH are
disclosed and can be used in methods of treating a disorder of the contact
activation system. The methods can comprise administering to a subject in need
thereof at least one FXIl inhibitor and at least one C1-INH. Accordingly, the
invention also provides one or more pharmaceutical compositions comprising at
least one FXII inhibitor and/or at least one C1-INH in pharmaceutically acceptable
excipients or carriers for use in treating disorders of the contact activation system.
Similarly, the invention also provides the use of one or more compositions
comprising at least one FXII inhibitor and/or at least one C1-INH in the preparation
of a medicament for treating a disorder of the contact activation system. The at
least one FXII inhibitor and at least one C1-INH can be used alone or additional

therapeutic compounds can also be administered.

A “thrombotic disorder” treated using the methods and compositions disclosed
herein is any disorder/disease characterized by the formation of a thrombus (blood

clot) that obstructs or decreases blood flow. The thrombus may remain local to
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where it formed, or it may detach to occlude blood flow downstream
(thromboembolism). In some embodiments, a thrombosis may occur in a vein
(venous thrombosis) or in an artery (arterial thrombosis) anywhere in the body,
including the heart and brain. When the thrombosis occurs in the coronary
circulation, it is referred to as a coronary thrombosis. When the thrombosis occurs

in the cerebral circulation, it is referred to as a cerebral thrombosis.

A thrombotic disorder can include a venous, arterial, or capillary thrombus,
thrombus formation in the heart, chronic and/or acute thromboembolism (e.g.
pulmonary embolism, cerebral thromboembolism following atrial fibrillation-induced
thrombus formation (e.g., stroke prevention in atrial fibrillation (SPAF)), thrombus
formation as a result of contacting the blood of a human or animal subject with an
artificial surface (e.g. in patients with valve replacements, stents, percutaneous
coronary intervention (PCI), extracorporeal membrane oxygenation (ECMO), or
undergoing cardiopulmonary bypass surgery (CPB surgery)). The thrombus can
cause a stroke, myocardial infarction, deep vein thrombosis (DVT), portal vein
thrombosis, thromboembolism, renal vein thrombosis, jugular vein thrombosis,
cerebral venous sinus thrombosis, Budd-Chiari syndrome, Paget-Schroetter
disease, or silent brain ischemia (SBI).

A neuroinflammatory disorder treated using the methods and compositions
disclosed herein can include a spinal cord injury (SCI), stroke, traumatic brain injury
(TBI), secondary brain edema, edema of the central nervous system, multiple
sclerosis (MS), transverse myelitis, or neuromyelitis optica (Devic’s disease).

A disorder related to kinin formation treated using the methods and compositions
disclosed herein can include hereditary angioedema (HAE), secondary brain
edema, edema of the central nervous system, hypotensive shock, disseminated
intravascular coagulation (DIC), or sepsis.
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An interstitial lung disorder treated using the methods and compositions disclosed
herein can include a fibroproliferative disorder or an idiopathic lung disorder, such
as idiopathic pulmonary fibrosis.

As used herein, the term "ischemia-reperfusion injury" (IRI) refers to an injury
resulting from the restoration of blood flow to an area of a tissue or organ that had
previously experienced deficient blood flow due to an ischemic event. An IRl can be
caused, for example, by a natural event (e.g., restoration of blood flow following a
myocardial infarction), a trauma, or by one or more surgical procedures or other
therapeutic interventions that restore blood flow to a tissue or organ that had been
subjected to a diminished supply of blood. Such surgical procedures can include,
for example, coronary artery bypass graft surgery, coronary angioplasty, organ
transplant surgery, elective surgery, reconstructive surgery, vascular surgery,
cardiac surgery, trauma surgery, crash or crush surgery, cancer surgery, orthopedic
surgery, transplantation, or minimally invasive surgery. In some embodiments, the
surgical procedure can include the insertion of a device for delivery of a
pharmacologically active substance, such as a thrombolytic agent or vasodilator, or
a device to mechanically remove complete or partial obstructions, e.g., obstructions
of blood vessels.

Reperfusion of ischemic tissues can result in one or more of a local, systemic,
and/or remote response that, in turn, may result in widespread microvascular
dysfunction and/or altered tissue barrier function. The inflammatory response may
also result in systemic inflammatory response syndrome (SIRS) or multiple organ
dysfunction syndrome (MODS). A local IRI refers to pathophysiological processes
such as thrombotic processes, thromboembolic processes, inflammatory
processes, cellular damage, complement activation, and/or edema formation at the
site of a primary ischemia, while a remote IRI or a distant IRI, used interchangeably
herein, refer to pathophysiological processes affecting an organ or tissue that is
different from the local ischemic organ(s) and tissue(s). In some embodiments, the
remote IRI affects one or more organs such as the lung, heart, brain, kidney,
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intestine, pancreas, liver, or extremities/limbs, or would result in multi-organ
dysfunction syndrome (MODS) or systemic inflammatory response syndrome
(SIRS) in the absence of treatment.

Once a thrombus forms, blood flow in the vessel can be reduced or blocked,
causing ischemia of the surrounding tissue or the respective organ. If blood flow is
not restored, the tissue associated with the blood vessel can be damaged or
destroyed (referred to as an “infarct’). Depending upon the location of the
thrombus, the thrombotic disorder is known by various names. Accordingly, in
various embodiments, methods of treating the formation of a thrombus or a
condition caused by a thrombus at a particular site are disclosed, as well as
compositions comprising at least one FXII inhibitor and at least one C1-INH and

their use in those methods.

Stroke is one example of a condition that can be caused by a thrombus or the
formation/deposition of thrombus/thromboembolism at a particular site and which
can, in some embodiments, be treated using the compositions and combinations

disclosed herein.

Stroke (also referred to as a cerebrovascular accident (CVA) or cerebral infarction)
involves a decline in brain function due to lack of blood flow, irrespective of the
cause. When the stroke is caused by a lack of blood flow to a part of the brain (e.g.,
due to a thrombus blocking the blood flow), it is referred to as an ischemic stroke.
There are three main causative reasons for ischemic stroke: thrombosis
(obstruction of a blood vessel by a blood clot forming locally), embolism (obstruction
of a blood vessel by a blood clot forming elsewhere in the body), and systemic
hypoperfusion (general decrease in blood supply, e.g. in shock). Thrombosis
and/or embolism can occur in arteries, veins, arterioles, venules, and/or capillaries.
The term “ischemic stroke” includes stroke caused by a locally-formed thrombus
(i.e., “thrombotic stroke”) in any area of the brain, whether a large vessel (e.g.,

internal carotid artery, vertebral vessel, circle of Willis), small vessel, capillary, or
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sinus (e.g., cerebral venous sinus thrombosis), as well as stroke caused when a
blood clot that has formed elsewhere inside or outside the brain embolizes and then
lodges in a blood vessel in the brain (“embolic stroke”). Ischemic stroke also
includes transient ischemic attack (also known as “mini stroke”). In transient
ischemic attack, the neurological dysfunction is transient due to an ischemic event,
but, in contrast to other types of stroke, does not include tissue damage (infarction)
and the symptoms are reversible. In some embodiments, the present disclosure
provides methods and compositions for treating ischemic stroke.

Stroke can also be caused by haemorrhagic processes, i.e., hemorrhagic stroke.
Hemorrhage (e.g., an intracranial hemorrhage) is generally due to a rupture of a
blood vessel or an abnormal vascular structure anywhere within the skull vault, both
scenarios ultimately leading to a damage of brain tissue. Some hemorrhages can
develop inside areas of ischemia ("hemorrhagic transformation"). A hemorrhagic
stroke can be an intra-axial hemorrhage (blood inside the brain) or an extra-axial
hemorrhage (blood inside the skull but outside the brain). In some embodiments,
the methods and compositions disclosed herein can be used to treat hemorrhagic
stroke.

Following a stroke, reperfusion can result in activation of inflammatory and/or other
cascades that can further exacerbate the extent of tissue damage. Reperfusion and
inflammation can activate various cascades, including those in the coagulation,
kallikrein-kinin, and complement pathways. Accordingly, in some embodiments, the
methods and compositions disclosed herein can be used to treat these secondary
aspects of stroke (e.g., the secondary aspects of ischemic or hemorrhagic stroke).

Myocardial infarction is another condition that can be caused by a thrombus. A
myocardial infarct refers generally to the death of heart tissue. A myocardial
infarction can be caused, e.g., by a thrombus in the coronary circulation, often in

the coronary artery. Accordingly, in one embodiment the invention provides
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methods and compositions for use in treating myocardial infarction caused by a
thrombus.

Other thrombotic conditions of various tissues/sites include deep vein thrombosis
(DVT), portal vein thrombosis, renal vein thrombosis, jugular vein thrombosis,
Budd-Chiari syndrome (blockage of the hepatic vein or inferior vena cava), Paget-
Schroetter disease (obstruction of an upper extremity vein), hepatic artery
thrombosis (a complication of liver transplantation), and other vascular thrombotic
events in patients at risk for such events (e.g., post-orthopedic surgery, cancer
patients, surgical patients, immobilized patients). Accordingly, disclosed in these
embodiments are methods and compositions for use in treating a thrombotic
condition of one or more of these tissues/sites.

If a thrombus breaks free (i.e., embolizes), it may block blood flow in any of the
tissue/organ sites noted above. A common site of thromboembolism is the lungs
(termed “pulmonary embolism”). Arterial emboli also occlude vessels in the limbs.
Thus, in some embodiments, methods and compositions are disclosed for use in

treating a thromboembolism, such as a pulmonary or arterial embolism.

Multiple small thrombi may also form throughout blood vessels in conditions
involving excessive consumption of coagulation factors. This condition, known as
disseminated intravascular coagulation (DIC), leads to hemorrhaging and ischemic
necrosis of multiple tissues. Thus, in some embodiments, methods and
compositions are disclosed for use in treating a disseminated intravascular
coagulation and compositions for use in treating a disseminated intravascular

coagulation.

Any of a number of conditions can cause or contribute to formation of a thrombus.
For example, thrombosis can be caused by an abnormality in the composition of the

blood (e.g., hypercoagulability or thrombophilia), the quality of the vessel wall
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(endothelial cell injury or atherosclerosis), and/or the nature of the blood flow
(stasis, turbulence).

Examples of predisposing factors for thrombus formation include atherosclerosis,
the presence of cardiovascular prosthetic devices (e.g., stents or valve
replacements), the presence of cardiac valve disease, medical procedures where
blood transiently comes into contact with foreign surfaces (e.g. CPB, ECMO, BVAD,
percutaneous coronary intervention), atrial fibrillation (which can cause stagnant
blood flow in the left atrium or left atrial appendage), cancer, antiphospholipid
antibodies, heparin-induced thrombocytopenia, infection, use of oral contraceptives,
prolonged immobilization (e.g., due to surgery, obesity, heart failure, paralysis,
long-haul flights, or pregnancy), tissue injury (e.g., due to trauma or surgery), and/or
genetic defects (e.g., Factor V Leiden mutation, prothrombin 20210 gene mutation,
deficiencies in protein C, protein S, protein Z, or antithrombin). Thrombosis may
follow catheter insertion in procedures such as percutaneous coronary intervention.
Other predisposing factors include a family history of thrombosis, one or more prior
episodes of thrombosis, a thrombosis before the age of 50, or thrombosis at an

atypical site.

Clinical assays are available to detect defects, such as Factor V resistance to
activated protein C (APC) and the various protein deficiencies. The presence of a
thrombus can be confirmed, e.g., using angiography, ultrasonography, MRI, or a CT
scan. In some assays, a thrombus is detected, whereas in other assays an area of
infarct indicates whether a thrombus is or was present.

Other conditions suitable for treatment by the methods and compositions disclosed
herein include administration intended to prevent the formation and/or reduce the
size of a secondary edema of the central nervous system. Secondary edema can
comprise an increase in brain or spinal cord volume resulting from localized or
abnormal accumulation of fluid, e.g., accumulation within the brain parenchyma.

Secondary edema is a common cause of secondary infarct growth and subsequent
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neurological damage. For example, the methods and compositions disclosed herein
can be used to treat a patient who is at risk of developing or has developed
secondary edema of the central nervous system due to a brain or spinal cord injury,
or due to diseases such as stroke.

In some embodiments, a treatment prevents the formation or limits/inhibits the
growth in the size of a thrombus. In one embodiment, a treatment limits the ultimate
size (e.g., volume) of an infarct. In an embodiment, a treatment prevents or limits
the extent of reperfusion injury following an infarct. In some embodiments, a
treatment is administered in combination with one or more additional agents that
lyse or otherwise remove thrombi (e.g. tPA, Plasmin) while the combination therapy
disclosed herein prevents reformation or growth of thrombi.

In an embodiment, treatment results in an improved and/or restored function in a
tissue to which blood flow has been diminished or blocked by the thrombus. In one
embodiment, the treatment results in an improvement in blood flow at the site of the
thrombus as measured, for example, by ultrasound doppler, laser doppler
flowmetry, MRI (e.g., measuring wash-in, wash-out kinetics of tracers), strain gage
plethysmography, impedance plethysmography, photoelectric plethysmography,
thermal convection probes, and/or other suitable techniques for measuring blood
flow. In an embodiment, the treatment reduces or prevents neurological damage
following a stroke, as measured using standard clinical neurological or

psychological measures.

The at least one FXII inhibitor and the at least one C1-INH can be administered
together or separately. In one embodiment, C1-INH and FXIl inhibitor are
administered together in a single intravenous administration. In another
embodiment, the FXII inhibitor is administered first, followed by administration of the
C1-INH. In certain embodiments, the C1-INH is administered directly after, or
approximately 5, 10, 20, 30, 40, 50, 60, 90, 120, 150, 180, or more minutes after
administration of the FXII inhibitor (or at any time point in between). In other
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embodiments, the C1-INH is administered first, followed by administration of the
FXII inhibitor. In certain embodiments, the FXII inhibitor is administered directly
after, or approximately 5, 10, 20, 30, 40, 50, 60, 90, 120, 150, 180, or more minutes
after administration of the C1 INH (or at any time point in between).

Treatment with at least one C1-INH and at least one FXII inhibitor can be done
prophylactically to prevent a disorder of the contact activation system, e.g., to
prevent a thrombotic event. Treatment can also be administered immediately or at
some time point after an episode of a disorder of the contact activation system. For
example, treatment can be administered directly after the start of reperfusion
following a thrombotic or IRI disorder (e.g., to prevent secondary ischemia or
inflammation damage), or up to about 48 hours, or up to about 240 hours, following
an episode (i.e., an injury) of a disorder of the contact activation system, such as
the formation of a thrombus. Thrombus formation and other episodes of disorders
can be detected, e.g., by clinical signs/symptoms and/or by the results of diagnostic

imaging or in vitro assays.

In certain embodiments, treatment is begun immediately after, or less than about 6
hours after an acute episode of a disorder of the contact activation system (e.g.,
less than about 6 hours after thrombus formation, stroke, or reperfusion in an IRI
disorder). In some embodiments, treatment is begun up to about 48, or up to about
240 hours later. In some embodiments, treatment is administered immediately after,
or about 5, 10, 20, 30, 40, or 50 minutes, or 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 36, 48, 72, 96, 120, or 240 hours following
the formation of a thrombus or other acute episode of a disorder of the contact
activation system (or at any time point in between). Treatment even after 6 hours,
and even after about 48 or 240 hours, may have benefits. In some embodiments,
treatment is administered as soon as possible after the occurrence of the initial
injury, and preferably less than 1 hour, less than 6 hours, or less than 48 hours
following injury. In some embodiments, treatment occurs no later than about 240

hours following initial injury, or no more than about 48 hours following injury, or no
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more than about 6 hours following injury, or no more than about 1 hour following

injury.

In some embodiments, administration of at least one C1-INH and at least one FXI|
inhibitor can be done immediately or up to about 10 days after the start of
reperfusion following an initial injury (e.g., following a thrombotic occlusion). In
some embodiments, treatment is administered as soon as possible after the start of
reperfusion, and preferably less than 1 hour, less than 6 hours, or less than 48
hours following the start of reperfusion. In some embodiments, treatment is
administered immediately after, or about 5, 10, 20, 30, 40, or 50 minutes, or 1, 2, 3,
4,5,6,7,8,9,10,11,12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 36, 48, 72,
96, 120, or 240 hours following the start of reperfusion (or at any time in between).
In some embodiments, treatment occurs no later than about 240 hours following the
start of reperfusion, or no more than about 48 hours following the start of
reperfusion, or no more than about 6 hours following the start of reperfusion, or no
more than about 1 hour following the start of reperfusion.

In some embodiments, administration of at least one C1-INH and at least one FXI|
inhibitor can be done prophylactically to prevent initial injury in a patient at risk for a
disorder of the contact activation system (e.g., to prevent thrombus formation in a
patient at risk for thrombus formation). Prophylactic treatment can be done in a
single dose or in repeated doses, such as a dose every 10 minutes, every 30
minutes, every hour, every 6 hours, every 12 hours, every 24 hours, every 36
hours, every 48 hours, every 72 hours, every 96 hours, every 120 hours, every 240
hours, every week, every two weeks, every month, or bimonthly, or any time period
in between. Periodic doses can be administered for a set duration of time, for
example over the duration of a course of treatment. For example, patients
undergoing certain medical procedures may be at increased risk for thrombus
formation. Examples of procedures with a risk of thrombotic events include
procedures involving extracorporeal blood circulation, invasive diagnostic

procedures or surgical procedures including transplantation.
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In some embodiments, treatment is administered during certain procedures to
reduce the risk of thrombus formation that could result in tissue or organ damage,
or is administered to treat thrombotic events occurring during these procedures,
e.g., during surgical procedures and other invasive diagnostic procedures, or during
extracorporeal circulation. In some embodiments, treatment is administered after
certain procedures to reduce the risk of thrombus formation, or to treat thrombotic
events occurring after these procedures, e.g., after surgery, after the start of a
reperfusion procedure, after thrombolysis, or after extracorporeal blood circulation.
Administration after a procedure can be done in a single dose or in multiple doses,
eg. 1, 2, 3, 4, 5 or more doses. Repeated doses can be administered every half
hour, every hour, every 6 hours, every 12 hours, every 24 hours, every 36 hours,
every 48 hours, every 72 hours, every 96 hours, every 120 hours, or every 240
hours, every week, every two weeks, every month, or bimonthly (or any time period
in between) until the completion of the administration protocol.

In some embodiments, administration of at least one C1-INH and at least one FXI|
inhibitor can be done repeatedly to treat a patient at risk for a disorder of the
contact activation system (e.g., to treat a chronic disorder). Such treatment can be
done in multiple doses, for example in two, three, four, five, or more doses in a
repeated way, such as a dose every 12 hours, every 24 hours, every 48 hours,
every 72 hours, every 96 hours, every 120 hours, every 240 hours, every week,
every two weeks, every month, bimonthly, or any time period in between.

Administration of at least one C1-INH and at least one FXIl inhibitor (e.g., to a
patient in need of treatment) may occur in a single dose or in repeated
administrations, and in any of a variety of physiologically acceptable salt forms,
and/or with an acceptable pharmaceutical carrier and/or additive as part of a
pharmaceutical composition. Therefore, in certain embodiments, the at least one
C1-INH and the at least one FXII inhibitor are administered (i) once, each as a
separate injection or infusion, or in a single combined injection or infusion, (ii) in

multiple doses of each component or in multiple doses of a combined product, for



10

15

20

25

30

WO 2014/207199 PCT/EP2014/063691
20

example in two, three, four, five, or more doses, each as an injection or infusion, or
(iif) as an infusion or application. The infusion/application can be administered over
a period of time, preferably over a period of 30 minutes to 2 weeks, or 30 minutes to
1 week, or 30 minutes to 6 days, or 30 minutes to 5 days, or 30 minutes to 4 days,
or 30 minutes to 3 days, or 30 minutes to 2 days, or 30 minutes to 1 day, or 30
minutes to 12 hours, or 30 minutes to 6 hours (or any time period in between). In an
embodiment where the disorder involves a thrombus and/or an IRI injury, the
administration may occur in a double dose, once after the initial insult but before the
start of reperfusion, and once after the start of reperfusion following the initial injury.
In some embodiments, the administration may prevent the formation and/or reduce
the size of a secondary edema of the central nervous system, e.g., in a patient who
has or has had a brain or spinal cord injury or disease.

The composition comprising at least one C1-INH and the composition comprising at
least one FXII inhibitor may be administered to a patient in therapeutically effective
amounts. Generally, a therapeutically effective amount may vary with the subject's
age, general condition, and gender, as well as the severity of the medical condition
in the subject. The dosage may be determined by a physician and adjusted, as
necessary, to suit the observed effects of the treatment.

A therapeutically effective dose of the at least one C1-INH may depend on many
factors such as, e.g., the type of inhibitor used, the indication, formulation, or mode
of administration, and may be determined in preclinical and clinical trials for each
respective indication. For example, the dose may range from approximately 0.01
IU/kg to 5000 IU/kg of bodyweight, or from approximately 0.01-1000 1U/kg, or from
approximately 5 to 500 I1U/kg, or from approximately 10 to 200 IU/kg, or from
approximately 20 to 100 1U/kg. In various embodiments, the dose of C1-INH is
approximately 0.01, 0.1, 0.5, 1, 5, 10, 15, 20, 25, 30, 50, 75, 100, 125, 150, 175,
200, 225, 250, 275, 300, 325, 350, 375, 400, 450, 500, 1000, 1500, 2000, 2500,
3000, 3500, 4000, 4500, or 5000 IU/kg of bodyweight (or any value in between). A
depository may also be used that continuously releases the C1-INH at a suitable
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rate. Exemplary therapeutic ranges for the C1-INH administration are also disclosed
in U.S. Patent 5,939,389, the disclosure of which is incorporated in its entirety.

A therapeutically effective dose of the at least one FXII inhibitor may depend on
many factors such as, e.g., the indication, formulation, or mode of administration,
and may be determined in preclinical and clinical trials for each respective
indication. For example, in one embodiment, the dose of FXII inhibitor is about 0.01,
0.1, 1, 50, 100, 200, 500, or 1000 mg/kg bodyweight, or any dose in between, or
ranging from about 0.01-1000 mg/kg, about 0.1-1000, about 1-1000 mg/kg, about
1-500 mg/kg, about 10-200 mg/kg, about 10-100 mg/kg, about 50-500 mg/kg, about
50-200 mg/kg, or about 100-200 mg/kg, or any dose range in between. In certain
embodiments, the FXII inhibitor is rHA-Infestin-4. In some embodiments, when rHA-
Infestin-4 is used, the dose may range between about 0.01 and 1000 mg/kg body
weight, or between about 1 and 1000 mg/kg, or between about 1 and 500 mg/kg, or
between about 50 and 500 mg/kg.

In some embodiments, the FXII inhibitor can be an anti-FXII antibody. In those
embodiments involving a therapeutically effective dose of an anti-FXII antibody, a
therapeutically effective dose is a dose that brings about a positive therapeutic
effect in the patient or subject requiring the treatment. A therapeutically effective
dose can be in the range of about 0.001 to 100 mg/kg body weight, or from about
0.01 to 100 mg/kg, from about 0.01 to 50 mg/kg, from about 0.1 to 30 mg/kg, from
about 0.1 to 10 mg/kg, from about 0.1 to 5 mg/kg, from about 0.1 to 2 mg/kg or from
about 0.1 to 1 mg/kg, or any dose range in between. For example, a therapeutically
effective dose may be a dose that inhibits FXlla activity in the subject by at least
about 50%, or at least 60%, 70%, 80%, 90%, 95%, 99% or 100% (or any
percentage in between).

The administered pharmaceutical compositions may comprise at least one C1-INH
and/or at least one FXII inhibitor as the sole active compound(s), or may be

delivered in combination with one or more additional compounds, compositions, or



10

15

20

25

30

WO 2014/207199 PCT/EP2014/063691
22

biological materials. Examples of additional compounds include vitamins,
antibiotics, and compounds intended to remove or inhibit blood clot formation in the

brain (e.g., heparin, acetylsalicylic acid, clopidogrel, or dipyridamole).

In certain embodiments, treatment of a disorder of the contact activation system
using at least one C1-INH and at least one FXII inhibitor can potentiate the
therapeutic effect of either the C1-INH or Factor Xll inhibitor when administered as
monotherapy. In some embodiments, treatment of a disorder of the contact
activation system using at least one C1-INH and at least one FXII inhibitor can
produce an additive effect e.g., an effect equivalent to that observed from the sum
of the two monotherapies. In some embodiments, the combination acts
synergistically to enhance the effect seen from the sum of the two monotherapies.
In some embodiments, the use of a C1-INH and a FXII inhibitor enables reduced
concentration doses or a less frequent administration schedule of either or both
components while achieving a comparable or greater therapeutic effect to that
observed with a higher dose concentration or more frequent administration of either

component when administered as a monotherapy.

For example, where at least one C1-INH and at least one FXII inhibitor is used,
e.g., to reduce the incidence of thrombotic events in one or more vessels, the
percentage of a vessel’s cross-sectional diameter that is occluded, or the number of
vessels that are partially or completely occluded, can be measured before and after
treatment. Measurement of occlusion can be done using any standard methods
known in the art, e.g., using ultrasound doppler, laser doppler flowmetry, MRI
(wash-in, wash-out kinetics for tracers), strain gage plethysmography, impedance
plethysmography, photoelectric plethysmography, thermal convection probes, or
other suitable techniques for measuring blood flow, or using standard clinical
neurological or psychological measures. The reduction (e.g., measured as a
percentage of a vessel that is occluded or the percentage of sampled vessels that
are partially or completely occluded) using combination therapy can be compared to
the percentage reduction in occlusion in a comparable patient or in the same
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patient using only a C1-INH or a FXII inhibitor. In some embodiments, the reduction
in occlusion using combination therapy is additive, (e.g., approximately equivalent
reduction to that observed from the sum of the individual treatments).

In some embodiments, the reduction in occlusion observed when using at least one
C1-INH and at least one FXII inhibitor therapy is synergistic (e.g., greater than the
reduction observed from the sum of the monotherapy effects). In certain
embodiments, the combination can increase the reduction observed with C1-INH
therapy alone by at least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 105%, 110%,
115%, 120%, 125%, 150%, 175%, 200%, 225%, 250%, 275%, or 300% (or any
percent in between) or can even lead to a complete reduction, i.e., no occlusion is
observed. The concentration of the C1-INH dose in the combination therapy may
impact the percent reduction that is observed. In some embodiments, combination
therapy can increase the reduction observed with FXII inhibitor therapy alone by at
least about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 100%, 105%, 110%, 115%, 120%, 125%,
150%, 175%, 200%, 225%, 250%, 275%, or 300% (or any percent in between) or
can even lead to a complete reduction, i.e., no occlusion is observed. The
concentration of the FXII inhibitor dose in the combination therapy may impact the

percent reduction that is observed.

In certain embodiments the at least one FXII inhibitor and/or the at least one C1
INH are administered at a concentration that produces a reduction in at least one
symptom of the disorder of the contact activation system approximately equivalent
to an additive effect of each of the FXII inhibitor and the C1 INH when administered

separately.

Alternatively in certain embodiments the at least one FXII inhibitor and/or the at
least one C1 INH are administered at a concentration that produces a reduction in
at least one symptom of the disorder of the contact activation system greater than
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the additive effect of each of the FXII inhibitor and the C1 INH when administered

separately.

In certain embodiments, administration of at least one C1-INH and at least one FXII
inhibitor produces a doubling or tripling of the reduction in the percent vessel
occlusion observed when a C1-INH is administered on its own following formation
of a thrombus. In some embodiments, administration of at least one C1-INH and at
least one FXII inhibitor produces a doubling or tripling of the reduction in percent
vessel occlusion observed when a FXII inhibitor is administered on its own following

formation of a thrombus.

In some embodiments, the effects of treatment with at least one C1-INH and at
least one FXII inhibitor on a disorder of the contact activation pathway can be
monitored by measuring the extent of tissue damage and/or secondary edema
(e.g., after an infarction, stroke, or IRI). Methods for measuring the extent of tissue
damage (e.g., brain tissue damage following stroke or heart tissue damage
following infarction) can include, e.g., CT scan, MRI, ultrasound, and/or
arteriography. In some embodiments, the tissue damage is brain tissue, and the
extent of tissue damage can be measured using clinical neurological assessment of
brain function. In some embodiments, the extent of tissue damage and/or
secondary edema following treatment with at least one C1-INH and at least one
FXII inhibitor is reduced by an amount approximately equivalent to that observed
from the sum of the individual monotherapies, as compared to tissue damage
and/or edema in the absence of any treatment. In some embodiments, the extent of
tissue damage and/or secondary edema is reduced by an amount greater than that

observed from the sum of the individual monotherapies.

In certain embodiments, the at least one C1-INH and at least one FXII inhibitor are
administered at reduced dosages, as compared to the optimal concentration used
for monotherapy. In these embodiments, the additive or synergistic effects of

combination therapy enable the use of reduced concentrations while maintaining
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therapeutic effect, thereby reducing cost and/or the risk of adverse reaction to the
therapeutic agents (e.g., an immunologic response).

In certain embodiments of the disclosed methods, patients should be treated
according to the established standards of care for their clinical presentation. In
various embodiments where the patient is a stroke patient, the patient should be
examined by MRI, if possible, or other methods to determine whether the brain
injury is ischemic or hemorrhagic.

Il. Factor Xll Inhibitors

As discussed above the terms “Factor XII” and “FXII” each refer to either or both of
Factor XII (e.g., the zymogen or precursor form of the peptide) and activated Factor
XII (FXMla). Thus, “FXII inhibitors” can include inhibitors of either or both of FXII and
FXlla (also termed aFXlla), including the FXlla cleavage products FXlla alpha and
FXlla beta (also termed FXIIf). Further, anti-FXII antibodies include antibodies that
bind to and inhibit either or both of FXIl and FXlla. The term “FXII inhibitor” is also
meant to include an inhibitor of FXIl that is linked to a half-life extending
polypeptide, which in some embodiments includes a linker. Examples of FXII
inhibitors that can be used include rHA-Infestin-4, SPINK-1, anti-FXII antibodies,
including modified versions/fragments of these proteins that retain the ability to
inhibit the activity of FXIl. In an embodiment, the FXII inhibitor is SPINK-1 or a
modified SPINK-1 and the C1-INH is BERINERT®. In an embodiment, the FXII
inhibitor is Infestin-4 or a modified Infestin-4 and the C1-INH is BERINERT®. In an
embodiment, the FXIlI inhibitor is an anti-FXII antibody and the C1-INH is
BERINERT®.

In some embodiments, the FXII inhibitor is a direct inhibitor of FXIl. The term
“direct” inhibitor means an inhibitor that acts via contact (e.g., binding) with FXII (or
FXlla), i.e., the FXII inhibitor binds to FXII and/or FXlla and inhibits its activity
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and/or activation. In contrast, an indirect inhibitor may act without contacting FXII
(or FXIlla) protein. For example, antisense RNA can be used to decrease
expression of the FXII gene, or a small molecule can inhibit the effects of FXlla via
interactions with downstream FXlla reaction partners like Factor XI; these do not
interact directly with the FXIl protein. Thus, an indirect inhibitor, in contrast to a
direct inhibitor, acts upstream or downstream from the FXII protein. Some examples
of direct inhibitors are presented below. In some embodiments, the FXII inhibitors
are non-endogenous inhibitors; that is, they are not inhibitors that occur naturally in
the human or animal body.

C1-INH is also a weak FXII inhibitor. However, the FXIl inhibitor used in the
combination therapy is an inhibitor other than C1-INH.

In one embodiment the FXII inhibitor is a specific FXII inhibitor, preferably a specific
FXlla inhibitor.

A specific FXII inhibitor refers to an inhibitor which inhibits plasmatic serine
proteases or other endogenous proteins other than FXII and/or FXlla less than or
equal to 25% if used in a molar ratio of 1:1. In other words: a specific FXII/FXIla
inhibitor inhibits plasmatic serine proteases other than FXIlI and/or FXlla less than
or equal to 25% when said inhibitor is used in a molar ratio of 1:1 of the respective
plasmatic serine protease to said inhibitor. Preferably the FXII inhibitor inhibits
plasmatic serine proteases other than FXIl and/or FXlla less than or equal to 20%,
preferably less than or equal to 15%, preferably less than or equal to 10%,
preferably less than or equal to 5%, preferably less than or equal to 1% if used in a
molar ratio of 1:1. For example, a specific FXII mAb inhibits the plasmatic serine
protease FXla by only 5%, wherein the molar ratio of FXla to said mAb is 1:1
whereas the same FXII mAb inhibits FXlla by at least 80%, preferably at least 90%.
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In one embodiment of the invention one other plasmatic serine protease is inhibited
by more than 50% if used in a molar ratio of 1:1 of the respective plasmatic serine
protease to said inhibitor.

In another embodiment of the invention two other plasmatic serine proteases are
inhibited by more than 50% if used in a molar ratio of 1:1 of the respective

plasmatic serine protease to said inhibitor.

In yet another embodiment the FXII inhibitor is a human FXII inhibitor, including a

humanized monoclonal antibody, preferably a fully human monoclonal antibody.

“‘Homology” as used herein refers to the percentage number of amino acids that are
identical or constitute conservative substitutions. Homology may be determined
using sequence comparison programs such as GAP (Deveraux et al., 1984, Nucleic
Acids Research 12, 387-395), which is incorporated herein by reference. In this way
sequences of a similar or substantially different length to those cited herein could
be compared by insertion of gaps into the alignment, such gaps being determined,
for example, by the comparison algorithm used by GAP.

A. Infestin-4

In one embodiment, the application provides a FXII inhibitor comprising infestin
domain 4 (referred to as “Infestin-4”). Infestins are a class of serine protease
inhibitors derived from the midgut of the hematophagous insect, Triatoma infestans,
a major vector for the parasite Trypanosoma cruzi, known to cause Chagas
disease. (Campos ITN et al. 32 Insect Biochem. Mol. Bio. 991-997, 2002; Campos
ITN et al. 577 FEBS Lett. 512-516, 2004; WO 2008/098720.) This insect uses these
inhibitors to prevent coagulation of ingested blood. The infestin gene encodes 4
domains that result in proteins that can inhibit different factors in the coagulation
pathway. In particular, domain 4 encodes a protein (Infestin-4) that is a strong
inhibitor of FXlla. Infestin-4 has been administered in mice without resulting in
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bleeding complications. (WO 2008/098720; Hagedorn et al., Circulation 2010;
121:1510-17.)

In various embodiments, a FXII inhibitor comprises Infestin-4. The term “Infestin-4,”
as used herein, encompasses variants or fragments of the wild-type peptide that
retain the ability to inhibit FXII. In some embodiments, the Infestin-4 is chosen for its
ability to inhibit FXlla. In certain embodiments, the Infestin-4 comprises a variant of
Infestin-4, wherein the variant comprises Infestin domain 4, and optionally, Infestin
domains 1, 2, and/or 3. In one embodiment, the Infestin-4 is a (His)s-tagged
Infestin-4 construct. In another embodiment, the Infestin-4 is a fusion protein
comprising a fusion partner, such as a half-life enhancing polypeptide (e.g.,
albumin, an Fc domain of an IgG, or PEG), bound to infestin-4. In some
embodiments, a linker connects the fusion partner to Infestin-4. In various
embodiments, the Infestin-4 is the rHA-Infestin-4 protein described in Hagedorn et
al., Circulation 2010; 117:1153-60. In one embodiment, a composition comprises
albumin bound to the rHA-Infestin-4 protein described in Hagedorn et al. by a
flexible linker. In certain embodiments, other Infestin-4 inhibitors of FXIl are used,
examples of which are described in WO 2008/098720 and Hagedorn et al.,
Circulation 2010; 117:1153-60, both of which are incorporated by reference in their

entirety.

An example of a wild type Infestin-4 sequence is presented in SEQ ID NO: 1:
EVRNPCACFRNYVPVCGSDGKTYGNPCMLNCAAQTKVPGLKLVHEGRC.

As used here, the term “variant” of Infestin-4 refers to a polypeptide with one or
more amino acid mutation, wherein “mutation” is defined as a substitution, a
deletion, or an addition, to the wild type Infestin-4 sequence (SEQ ID NO: 1). The
term “Infestin-4” encompasses these Infestin-4 variants. The term “variant” of
Infestin-4 also includes fragments of the wild type or a mutated Infestin-4 sequence.
In various embodiments, the one or more mutations to the wild type Infestin-4

sequence do not substantially alter the functional ability of the polypeptide to inhibit
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FXIIl. In some embodiments, the one or more mutations do not completely or
substantially remove the ability of the polypeptide to inhibit FXII (e.g., the variant
retains at least about 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 98%,
99%, or more of the inhibitory ability of wild type Infestin-4). Further examples of

such variants are provided below.

In one embodiment, an Infestin-4 variant comprises the amino acid sequence
VRNPCACFRNYV (SEQ ID NO: 20, which are residues 2-13 of SEQ ID NO: 1)
from the amino terminal of the wild type Infestin-4 sequence. In certain
embodiments, the variant can comprise residues 2-13 of SEQ ID NO: 1 and also
comprises at least one, and optionally up to five, amino acid mutations, as
compared to the wild type Infestin-4 sequence, outside residues 2-13 of SEQ ID
NO: 1. In some embodiments, the variant retains six conserved cysteine residues
from the wild type Infestin-4 sequence, and/or a homology of at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at
least 99%, to the wild type Infestin-4 sequence. In some embodiments, a variant of
Infestin-4 comprises the conserved N-terminal region amino acids 2-13 of the wild
type Infestin-4 sequence, and at least one, and optionally up to five, amino acid
mutations outside these conserved N-terminal amino acids, resulting in differences
from the wild type Infestin-4 sequence. As used here, the term “outside the N-
terminal amino acids” of an Infestin variant refers to any amino acid along the
polypeptide chain of the variant other than the contiguous stretch of amino acids
that comprises the sequence of SEQ ID NO: 20: VRNPCACFRNYV, which are
amino acids 2-13 from SEQ ID NO: 1.

In another embodiment, an Infestin-4 variant comprises six conserved cysteine
residues and/or has a homology of at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, or at least 99%, to the wild type
Infestin-4 sequence. In one embodiment, the six conserved cysteine residues are
amino acids at positions 6, 8, 16, 27, 31, and 48 of the wild type Infestin-4
sequence, SEQ ID NO: 1. In one embodiment, the variant comprises the final
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conserved cysteine at position 48. In other embodiments, the exact positions of the
cysteine residues, and relative positions to each other, may change from positions
6, 8, 16, 27, 31, and 48 of the wild type Infestin-4 sequence due to insertions or
deletions in the Infestin-4 variant. Nevertheless, in these embodiments, an Infestin-
4 variant comprises all six cysteines and/or may share 70%, 75%, 85%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%, or any percentage in between
homology to the wild type Infestin-4 sequence. In some embodiments, the Infestin-
4 variant retains amino acids 2-13 from SEQ ID NO: 1 as well as all six cysteine
residues, and may share 70%, 75%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99%, or any percentage in between homology to the wild type
Infestin-4 sequence.

In some embodiments, the Infestin-4 variant comprises SEQ ID NO: 21:
DSLGREVRNPCA. In some embodiments, this sequence is added at or near the
N-terminus of a fragment or full length wild type Infestin-4 sequence and derives
from the human protein SPINK-1.

In some embodiments, an Infestin-4 variant comprises a fusion construct between
wild-type Infestin-4 or a variant Infestin-4 and human albumin (referred to as “HA”).
In some embodiments, the HA is a recombinant protein (referred to as “rHA”). In
certain embodiments, the Infestin-4 and HA proteins are joined directly, or via a

linker polypeptide.

In one embodiment, the FXII inhibitor comprises a variant of the wild type Infestin-4
polypeptide sequence, wherein the variant comprises the N-terminal amino acids 2-
13 of SEQ ID NO: 1; at least one, and optionally up to five, amino acid mutations
outside the N-terminal amino acids; six conserved cysteine residues; and/or
homology of at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at
least 95%, at least 98%, or at least 99%, to the wild type Infestin-4 sequence.

In various embodiments, a variant of Infestin-4 is provided that retains the ability to
inhibit FXII. The functional inhibitory activity may be assessed, for example, through
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in vitro and/or in vivo characterization, including direct assays to test inhibition of
FXIl enzyme activity, prolonged coagulation time (e.g., activated partial
thromboplastin time, aPTT), clinical clotting tests that address the intrinsic pathway
of coagulation, or in vivo methods that evaluate coagulation.

Further examples of Infestin-4 variants are SPINK-1 mutants, which are described
below.

B. SPINK-1 mutants

In various embodiments, the at least one FXIl inhibitor can comprise a human
protein with high similarity to Infestin-4. One example of a human protein with high
similarity to Infestin-4 is SPINK-1, a Kazal-type serine protease inhibitor expressed
in the pancreas (also known as pancreatic secretory trypsin inhibitor, PSTI). The
Kazal-type serine protease inhibitor family is one of numerous families of known
serine protease inhibitors. Many similar proteins from different species have been
described. (Laskowski M and Kato I, 49 Ann. Rev. Biochem. 593-626, 1980.)

An example of a wild type SPINK-1 sequence is presented in SEQ ID NO: 2
DSLGREAKCYNELNGCTKIYDPVCGTDGNTYPNECVLCFENRKRQTSILIQKSGP
C.

In various embodiments a wild-type SPINK-1 sequence (e.g., SEQ ID NO: 2) is
used as the FXII inhibitor. The term “SPINK-1" also encompasses functional
variants and fragments of SPINK-1 that substantially retain the ability to inhibit FXII,
and in some embodiments, these SPINK-1 variants are used as the FXII inhibitors.
For example, different variants of the wild-type sequence may be generated in
order to increase the homology of the SPINK-1 sequence to Infestin-4. In one
embodiment, SPINK-1 is mutated to comprise N-terminal amino acids 2-13 of SEQ
ID NO: 1.
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In one embodiment, a variant SPINK-1 comprises an N-terminal portion of a wild
type Infestin-4 sequence (e.g., amino acids 2-13 of SEQ ID NO: 1), and optionally,
at least one, two, three, four, or five additional amino acid mutations outside the N
terminal amino acids that increase the homology of the variant to the wild type
Infestin-4 sequence. In another embodiment, a variant SPINK-1 comprises six
conserved cysteine residues and has a homology of at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%,
to the wild type SPINK-1 sequence and, optionally, has been mutated to increase
the homology of the variant to the wild type Infestin-4 sequence. In some
embodiments, the SPINK-1 variant also comprises an N-terminal portion of a wild
type Infestin-4 sequence (e.g., amino acids 2-13 of SEQ ID NO: 1). A mutation may
comprise a substitution, a deletion, and/or an addition. A mutation that is “outside
the N-terminal amino acids” refers to one or more mutations in any amino acids
along the polypeptide chain of the variant other than the contiguous stretch of
amino acids that comprises the sequence VRNPCACFRNYYV (SEQ ID NO: 20), i.e.,
amino acids 2-13 of SEQ ID NO: 1. The term “variant” includes fragments of a
SPINK-1 or mutated SPINK-1 sequence.

In some embodiments, the six conserved cysteine residues of SPINK-1 may be the
amino acids at positions 9, 16, 24, 35, 38, and 56 of the wild type SPINK-1
sequence (e.g., SEQ ID NO: 2). In one embodiment, the variant comprises the final
cysteine of the wild type SPINK-1 sequence (i.e., the cysteine at position 56 of SEQ
ID NO: 2). In some embodiments, the six cysteines are not mutated but the exact
positions of the cysteines, and relative positions to each other, may change from
positions 9, 16, 24, 35, 38, and 56 of the wild type SPINK-1 sequence due to
insertions and/or deletions elsewhere in the SPINK-1 variant. Nevertheless, in
these embodiments, a SPINK-1 variant comprises all six cysteines.

In some embodiments, the six cysteines of SPINK-1 are not mutated, but SPINK-1
is mutated to comprise an N-terminal portion of a wild type Infestin-4 sequence
(e.g., amino acids 2-13 of SEQ ID NO: 1), and/or to have a homology of at least
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70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least
98%, or at least 99%, to the wild type SPINK-1 sequence, and/or to include one,
two, three, four, or five mutations in the SPINK-1 sequence outside the N-terminal
amino acids. For example, a SPINK-1 variant may comprises the N-terminal amino
acids 2-13 of SEQ ID NO: 1; at least one, and up to five, amino acid mutations
outside the N-terminal amino acids that increase the homology of the variant to the
wild type Infestin-4 sequence; six conserved cysteine residues from a wild-type
SPINK-1 sequence; and/or a homology of at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, at least 95%, at least 98%, or at least 99%, to the wild
type SPINK-1 sequence.

In some embodiments, variants of SPINK-1 substantially retain their ability to inhibit
FXIl (e.g., the variants retain at least about 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, 98%, 99%, or more of the inhibitory activity of wild type SPINK-1).
Examples of SPINK-1 variants that can be used in the methods disclosed herein
include:

K1:
DSLGREVRNPCACFRNYVPVCGTDGNTYPNECVLCFENRKRQTSILIQKSGPC;
K2:
DSLGREVRNPCACFRNYVPVCGTDGNTYGNECMLCAENRKRQTSILIQKEGPC;
and

K3:
DSLGREVRNPCACFRNYVPVCGTDGNTYGNECMLNCAENRKRQTSILIQKEGPC
(SEQ ID NOS: 3, 4, and 5, respectively). In some embodiments, further amino acid
substitutions can be made outside of the N-terminus relative to K1 in order to
increase homology to Infestin-4. In the case of the SPINK-1 variant K3, five amino
acid substitutions increase homology to Infestin-4. In certain embodiments, a
SPINK-1 variant may share 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% (or any percentage in between) homology with the
wild type SPINK-1 sequence.
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C. FXIl Antibodies

In various embodiments, the FXII inhibitor is an anti-FXII antibody that binds to FXII
and inhibits or reduces FXII activation and/or activity. The term “anti-factor Xli
antibody” encompasses full length antibodies and functional fragments thereof
(e.g., antigen binding fragments such as Fab, F(ab)., Fv, and scFv). The term also
encompasses polyclonal and monoclonal antibodies and antibodies of any of the
isotypes such as IgM, IgD, IgA, IgG, and IgE, and any subclass thereof, such as
lgG1, The antibody may be from a mammalian species such as human, mouse, rat,
rabbit, goat, hamster, or monkey. In some embodiments, the antibody may be
humanized or CDR-grafted. In some embodiments, the antibody may be mutated or
modified to alter immunogenicity, half-life, and/or to impart other advantageous
properties associated with a therapeutic antibody. In one embodiment, the antibody
is an anti-FXII antibody that binds to an epitope on the heavy chain or light chain of
FXII, such as a neutralizing epitope. In some embodiments, the antibody may be
conjugated to a polypeptide, nucleic acid, or small molecule. An “anti-FXII antibody”
also includes antibodies that bind to and/or inhibit either or both of the zymogen of
FXII and the activated protein (FXlla), including the FXlla alpha and FXlla beta
cleavage fragments. In some embodiments, the antibody binds specifically to FXlla
or the alpha or beta chain fragments of FXlla.

In some embodiments, the anti-FXII antibody can bind to and inhibit FXlla activation
and/or activity. Anti-FXIl antibodies have been described, for example, in WO
2006/066878, and in Ravon et al., Blood 86: 4134-43 (1995), the disclosures of
which are hereby incorporated by reference in their entirety. Other monoclonal
antibodies (mAbs) to human Factor Xll include the B7C9 mAb described by Pixley
et al. (J Biol Chem 1987; 262, 10140-45); a mAb described by Small et al. (Blood
1985, 65:202-10); the monoclonal antibodies F1 and F3 described by Nuijens et al.
(J. Biol. Chem. 1989; 264:12941-49); the B6F5, C6B7, and D2E10 monoclonal
antibodies against the light chain of FXII described in WO89/11865; a monoclonal
antibody that selectively binds FXlla-p over FXII described in WO90/08835; and the
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anti-FXIl antibody OT-2 described in WO91/17258, the disclosures of which are

hereby incorporated by reference in their entirety.

Additional anti-Factor XlI monoclonal antibodies are described in WO 2013/014092
A1, which is incorporated herein by reference in its entirety. In some embodiments,
the antibodies may have a more than 2 fold higher binding affinity to human Factor
Xlla-beta than to unactivated human FXII and may be capable of inhibiting the

amidolytic activity of human Factor Xlla.

In certain embodiments, an anti-FXII antibody comprises the heavy chain variable
region (VH) and light chain variable region (VL) sequences presented in Table 1. In
some embodiments, an anti-FXII antibody comprises the HCDR1, HCDR2, and
HCDR3, and/or comprises the VCDR1, VCDR2, and VCDR3 shown in Table 1.
Antibody 3F7 as described in WO 2013/014092 A1 is an example of such an
antibody.
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Region Amino acid sequence

VH EVQLLESGGGLVQPGGSLRLSCAASGFTFSKYIMQWVRQA
PGKGLEWVSGIRPSGGTTVYADSVKGRFTISRDNSKNTLYL
QMNSLRAEDTAVYYCARALPRSGYLISPHYYYYALDVWGQ
GTTVTVSS (SEQ ID NO: 6)

VL QSELTQPPSASGTPGQRVTISCSGSSSNIGRNYVYWYQQV
PGTAPKLLIYSNNQRPSGVPDRFSGSKSGTSASLVISGLRS
EDEADYYCAAWDASLRGVFGGGTKLTVLG (SEQ ID NO: 7)

HCDR 1
KYIMQ (SEQ ID NO: 8)
(Kabat 31-35)
HCDR 2
GIRPSGGTTVYADSVKG (SEQ ID NO: 9)
(Kabat 50-65)
HCDR 3
ALPRSGYLISPHYYYYALDV (SEQ ID NO: 11)
(Kabat 95-102)
LCDR 1
SGSSSNIGRNYVY (SEQ ID NO: 13)
(Kabat 24-34)
LCDR 2
SNNQRPS (SEQ ID NO: 14)
(Kabat 50-56)
LCDR 3
AAWDASLRGYV (SEQ ID NO: 15)
(Kabat 89-97)

In some embodiments, the antibody has one or more of the following features: (a)

binds human FXII; (b) comprises a heavy chain variable (VH) region which is more
than 85% identical to the sequence of SEQ ID NO: 6, such as more than 90%,
95%, 98%, or 99% identical; (c) comprises a light chain variable (VL) region which

is more than 85% identical to the sequence of SEQ ID NO: 7, such as more than
90%, 95%, 98%, or 99% identical; (d) comprises heavy chain CDR1 at least 80%
identical to the sequence of SEQ ID NO: 8, such as more than 85%, 90%, 95%,
98%, or 99% identical, and/or heavy chain CDR2 at least 60% identical with SEQ
ID NO: 9, such as more than 70%, 80%, 85%, 90%, 95%, 98%, or 99% identical,
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and/or heavy chain CDR3 at least 80% identical to the sequence of SEQ ID NO: 11,
such as more than 85%, 90%, 95%, 98%, or 99% identical; (e) comprises light
chain CDR1 at least 50% identical to SEQ ID NO: 13, such as more than 60%,
70%, 80%, 85%, 90%, 95%, 98%, or 99% identical, and/or at least 50% identical to
light chain CDR2 of SEQ ID NO: 14, such as more than 60%, 70%, 80%, 85%,
90%, 95%, 98%, or 99% identical,, and/or at least 50% identical to light chain
CDR3, with the sequence A-X;-W-Xy-X3-X4-X5-R-Xg-X7 (SEQ ID NO: 16) , such as
more than 60%, 70%, 80%, 85%, 90%, 95%, 98%, or 99% identical; wherein X; can
be Aor S, Xs can be L or V, and the other X,’s can be any amino acid; (f) binds
human Factor Xlla-beta with a Kp of better than 10®M; (g) competes with Infestin-4
for binding to human Factor Xlla-beta; or (h) is a human IgG or functional variant

thereof, preferably human IgG4 or a functional variant thereof.

In certain embodiments, the anti-FXII antibody is an IgG antibody that binds human
FXII/FXlla and comprises (a) a VH region comprising heavy chain CDR1 as set
forth in SEQ ID NO: 8, heavy chain CDR2 as set forth in SEQ ID NO: 10, and heavy
chain CDR3 as set forth in SEQ ID NO: 12; and/or (b) a VL region comprising light
chain CDR1 as set forth in SEQ ID NO: 13, light chain CDR2 as set forth in SEQ ID
NO: 14, and light chain CDR3 as set forth in SEQ ID NO: 16. A heavy chain CDR2
can comprise the sequence GIXiXo2X3XsXsXsTVYADSVKG (SEQ ID NO: 10),
wherein X1 is R, Nor D, Xois P, V, l,orM; X5is S, P,or A; Xsis G, L, V,or T; Xs
can be any amino acid, preferably Xsis G, Y, Q, K, R, N, or M; and Xs is T, G, or S.
A heavy chain CDR3 can comprise the sequence ALPRSGYLX1X2X3X4YYYYALDV
(SEQ ID NO: 12), wherein X1is |, Mor V; Xz is Sor K; Xsis P, K, T, or H; and X4 is
H, N, G, or Q. A light chain CDR3 can comprise the sequence
AXIWX2X3X4XsRX6sX7 (SEQ ID NO: 16), wherein X1 isAor S; XzisD, Y, E, T, W, E,
orS; XsisA,N,I,L,V,P,Q,0orE; X4isS,D,P,E,Q,0orR; XsisLorV; Xsis G, L,
orK;and X;isV,A,D, T, M, or G.

In other embodiments, the anti-FXII antibody is a fragment of an IgG antibody that
binds human FXII/FXIla and comprises (a) a VH region comprising heavy chain
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CDR1 as set forth in SEQ ID NO: 8, heavy chain CDR2 as set forth in SEQ ID NO:
9, and heavy chain CDR3 as set forth in SEQ ID NO: 11; and/or (b) a VL region
comprising light chain CDR1 as set forth in SEQ ID NO: 13, light chain CDR2 as set
forth in SEQ ID NO: 14, and light chain CDR3 as set forth in SEQ ID NO: 15.

In various embodiments, the anti-FXIl antibody is an affinity matured, chimeric,
CDR grafted, or humanized antibody, or a functional antigen binding fragment
thereof. In some embodiments, the anti-FXIl antibody is chosen from the affinity
matured (relative to 3F7) antibodies VR115, VR112, VR24, VR110, and VR119
(SEQ ID NOs for HCDR 1-3 and LCDR1-3 of these antibodies are shown below in
Table 2).

Table 2.
3F7 8 9 11 13 14 15
VR119 8 10 11 13 14 15
VR112 8 10 11 13 14 15
VR115 8 10 11 13 14 15
VR24 8 9 11 17 14 15
VR110 8 10 11 13 14 15

As noted above, SEQ ID NO: 10 is a degenerate sequence. VR119 comprises SEQ
ID NO: 10 wherein X1 is N, Xz is V, X3 is P; X4 is L, X5 Y; and Xs is G. VR112
comprises SEQ ID NO: 10 wherein Xqis N, X2 is V, X3is P, X4 is V, X5 is Q, and Xg
is G. VR115 comprises SEQ ID NO: 10 wherein X;is D, Xz is |, Xzis P, X4 is T, Xs
is K, and Xg is G. VR110 comprises SEQ ID NO: 10 wherein X; is D, X2 is M, Xz is
P, X4 is T, Xs is K, and Xg is G. VR24 comprises a unique LCDR1:
SGSSEMTVHHYVY (SEQ ID NO: 17).

In embodiments involving antibody CDRs, CDR’s are defined according to the
KABAT numbering system. (Kabat et al., Sequences of proteins of immunological
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interest, 5th edn. U.S. Department of Health and Human services, NIH, Bethesda,
MD. (1991))

In some embodiments, the antibody is an anti-FXII monoclonal antibody or antigen-
binding fragment thereof that inhibits human FXlla-alpha, e.g., in an in vitro FXlla
amidolytic activity assay (WO 2013/014092), by more than 40%, more than 50%, or
more than 60%, when used at a molar ratio of 1:0.2 of FXlla-alpha to antibody. In
some embodiments, the antibody or antigen binding fragment thereof inhibits
human Factor Xlla-alpha by more than 80%, more than 85%, or more than 90%,
when used at a molar ratio of 1:0.5 of FXlla-alpha to antibody. In one embodiment,
the antibody achieves complete or nearly complete (e.g., 95%, 96%, 97%, 98%,
99%, or greater) inhibition of human FXlla-alpha when used at a molar ratio of
1:0.5. In one embodiment, the antibody or antigen binding fragment thereof has an
affinity for human FXlla that is at least approximately comparable to that of antibody
3F7.

D. FXII Inhibitors linked to HLEPs

Another aspect of the application provides FXII inhibitors linked to fusion partners,
such as a half-life enhancing polypeptides (HLEPs) or molecules such as PEG. In
one embodiment, FXII inhibitors are small proteins. Therefore, rapid renal clearance
(as is observed for other small proteins) can be expected (See Werle M and
Bernkop-Schnurch A, Amino Acids 2006; 30:351-367). One way to address a short
plasma half-life of a polypeptidic compound is to inject it repeatedly or via
continuous infusion. Another approach is to increase the intrinsic plasma half-life of
the polypeptide itself. For example, in one embodiment, FXII inhibitors are linked to
half-life extending proteins.

A “half-life enhancing polypeptide” is a polypeptide fusion partner that may increase
the half-life of the FXII inhibitor in vivo in a patient or in an animal. Examples include

albumin and immunoglobulins and their fragments, such as Fc domains, or
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derivatives, which may be fused to a FXII inhibitor directly or via a cleavable or non-
cleavable linker. Ballance et al. (WO 2001/79271) described fusion polypeptides
comprising a multitude of different therapeutic polypeptides fused to human serum

albumin.

The terms “albumin” and “serum albumin” encompass human albumin (HA) and
variants thereof, the full mature form of which is disclosed herein (SEQ ID NO: 19),
as well as albumin from other species and variants thereof. As used herein,
“albumin” refers to an albumin polypeptide or amino acid sequence, or an albumin
variant, having one or more functional activities (e.g. biological activities) of
albumin. In certain embodiments, albumin is used to stabilize or prolong the
therapeutic activity of a FXII inhibitor. The albumin may be derived from any
vertebrate, especially any mammal, for example human, monkey, cow, sheep, or
pig. Non-mammalian albumin can also be used and includes, but is not limited to,
albumin from chicken and salmon. The albumin portion of the albumin-linked
polypeptide may be from a different animal than the therapeutic polypeptide portion.
See WO 2008/098720 for examples of aloumin fusion proteins, incorporated herein
by reference in its entirety.

In one embodiment, an albumin variant is at least 10, 20, 40, 50, 60, or at least 70
amino acids long (or any length in between) or may include 15, 20, 25, 30, 50 or
more contiguous amino acids (or any number in between) from a human albumin
(HA) sequence (e.g., SEQ ID NO: 19), or may include part or all of specific domains
of HA. An albumin variant may include an amino acid substitution, deletion, or
addition, either conservative or non-conservative substitution, wherein such
changes do not substantially alter the active site, or active domain, which confers
the therapeutic activities of the half-life enhancing polypeptides. These variants may
share homology of 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98% or 99% (or any percentage in between).
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In some embodiments, the albumin variant is a fragment and may comprise at least
one whole domain of albumin and/or fragments of those domains, for example
domains 1 (amino acids 1-194 of SEQ ID NO: 19), 2 (amino acids 195-387 of SEQ
ID NO: 19), 3 (amino acids 388-585 of SEQ ID NO 19), 1 + 2 (1-387 of SEQ ID NO:
19), 2 + 3 (195-585 of SEQ ID NO: 19) or 1 + 3 (amino acids 1-194 + amino acids
388-585 of SEQ ID NO: 19). Each domain is itself made up of two homologous
subdomains namely residues 1-105, 120-194, 195-291, 316-387, 388-491 and 512-
585, of SEQ ID NO: 19, with flexible inter-subdomain linker regions comprising
residues Lys106 to Glu119, Glu292 to Val315 and Glu492 to Ala511. Thus, in some
embodiments, the albumin variant comprises at least one whole subdomain of

albumin.

In certain embodiments, other proteins that are structurally or evolutionarily related
to albumin (“albumin family proteins”) may be used as HLEPSs, including, but not
limited to alpha-fetoprotein (WO 2005/024044; Beattie and Dugaiczyk, 20 Gene
415-422, 1982), afamin (Lichenstein et al. 269 J. Biol. Chem. 18149-18154, 1994),
and vitamin D binding protein (Cooke and David, 76 J. Clin. Invest. 2420-2424,
1985). The genes encoding these proteins represent a multigene cluster with
structural and functional similarities mapping to the same chromosomal region in
humans, mice, and rats. The structural similarity of the albumin family members
suggests that they can be used as HLEPs. For example, alpha-fetoprotein has
been claimed to extend the half-life of an attached therapeutic polypeptide in vivo
(WO 2005/024044). Thus, in some embodiments, these proteins, or variants
thereof, that may be capable of stabilizing or prolonging therapeutic activity, can be
used as HLEPs linked to FXII or FXlla and may be derived from any vertebrate,
especially any mammal, for example human, monkey, cow, sheep, or pig, or non-
mammal including but not limited to, hen or salmon. In some embodiments, variants
may comprise 10 or more amino acids in length, or may comprise about 15, 20, 25,
30, 50 or more contiguous amino acids of the respective protein sequence from

which they are derived, or may include part or all of specific domains of the
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respective proteins. Albumin family member fusion proteins may include naturally

occurring polymorphic variants.

In certain embodiments, mono- or poly- (e.g., 2-4) polyethylene glycol (PEG)
moieties may be used as fusion partners and may extend in vivo half-lives.
Pegylation may be carried out by any of the pegylation reactions available.
Exemplary methods for preparing pegylated protein products can generally include
(a) reacting a polypeptide with polyethylene glycol (such as a reactive ester or
aldehyde derivative of PEG) under conditions whereby the protein becomes
attached to one or more PEG groups; and (b) obtaining the reaction product(s).
There are a number of PEG attachment methods. See, for example, EP 0 401 384,
Malik et al., Exp. Hematol., 20:1028-1035 (1992); Francis, Focus on Growth
Factors, 3(2):4-10 (1992); EP 0 154 316; EP 0 401 384; WO 92/16221; WO
095/34326; U.S. Pat. No. 5,252,714, incorporated herein by reference in their
entirety.

In some embodiments, an immunoglobulin (Ig) may be used as an HLEP. The term
“immunoglobulin® encompasses functional fragments and variants thereof, such as
an Fc region or one or more lg constant domains. In some embodiments, the Ig
comprises an Fc region or portions of the immunoglobulin constant domain(s). The
constant region may be that of an IgM, IgG, IgD, IgA, or IgE immunoglobulin. In
some embodiments, the therapeutic polypeptide portion is connected to the Ig via
the hinge region of the antibody or a peptide linker, which may be cleavable.
Several patents and patent applications describe the fusion of therapeutic proteins
to immunoglobulin constant regions to extend the therapeutic protein’s half-life in
vivo (US 2004/0087778, WO 2005/001025, WO 2005/063808, WO 2003/076567,
WO 2005/000892, WO 2004/101740, US 6,403,077), incorporated herein by
reference. Therefore, in some embodiments, immunoglobulin regions (e.g., Fc
domains, Fc fragments of immunoglobulins, and variants thereof) are used as
HLEPs. In some embodiments, inhibitors of FXIl can be fused to Fc domains or
portions of immunoglobulin constant regions as HLEPs. In some embodiments,

these fusion proteins are prepared as recombinant molecules expressed in
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prokaryotic or eukaryotic host cells, such as bacteria, yeast, plant, animal (including
insect) or human cell lines or in transgenic animals (WO 2008/098720, incorporated
herein by reference).

An example of a SPINK mutant-Fc fusion protein, the SPINK-K2-Fc fusion protein,
is described in WO 2008/098720.

E. Linkers

In various embodiments, an intervening peptidic linker may be introduced between
a therapeutic polypeptide and a HLEP. In one embodiment, a cleavable linker is
introduced, particularly if the HLEP has the potential to interfere with the therapeutic
polypeptide’s specific activity, e.g. by steric hindrance. In certain embodiments, the
linker is cleavable by enzymes involved in coagulation, such as coagulation
proteases of the intrinsic, extrinsic, or common coagulation pathway. Coagulation
proteases of the intrinsic pathway include proteases in the contact activation
pathway, e.g., FXlla, FXla, or FIXa. In one embodiment, the linker is cleaved by
FXlla. Proteases of the extrinsic pathway include proteases in the tissue factor
pathway, for example, FVlla. Proteases of the common pathway include proteases
involved in the conversion of fibrinogen to fibrin, for example, FXa, Flla, and FXllla.

Il C1 Inhibitor

The terms “C1 Inhibitor,” “C1 esterase Inhibitor,” and “C1-INH” refer to serine
protease inhibitors and functional fragments thereof that bind to and inhibit proteins
in the C1 complex, preventing activation of circulating proteases and/or inhibiting
activated proteases associated with the complement system, the kallikrein-kinin
system, and/or the coagulation system. A C1-INH can be plasmatic (i.e. plasma-
derived), recombinant, or a combination of the two. Coagulation proteases inhibited
by C1-INH include Factor Xla and Factor Xlla. C1-INHs can be plasmatic,
recombinant, or a combination of the two. Examples of C1-INH include plasma-
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derived CINRYZE™ (Viropharma), recombinant RUCONEST™ or RHUCIN™ (both
Pharming), and plasma-derived BERINERT® (CSL Behring).

C1-INH as used herein can comprise native serine protease inhibitors or active
fragments thereof from a human or animal, or can comprise recombinant peptides,
synthetic peptides, peptide mimetics, or peptide fragments that provides similar
functional properties. For example, a human plasma-derived C1-INH can be used,
e.g., following pasteurization and nanofiltration. An example of an amino acid
sequence of human C1-INH is provided in WO 2007/073186 (see SEQ ID NO: 1 in
WO 2007/073186). For further disclosure regarding the structure and function of
C1-Inhibitor, see U.S. Patent 4,915,945; U.S. Patent 5,939,389; U.S. Patent
6,248,365; U.S. Patent 7,053,176; and WO 2007/073186, which are hereby
incorporated by reference in their entirety.

In various embodiments, C1-Inhibitor used in the methods and compositions
disclosed herein can be produced according to methods known to one of skill in the
art, e.g., to produce recombinant C1-INH. For example, a process for producing C1-
inhibitor for therapeutic purposes is disclosed in U.S. Patent 4,915,945, the
disclosure of which is hereby incorporated in its entirety. Alternatively, in some
embodiments C1-INH can be collected and concentrated from natural tissue
sources using techniques known in the art. In some embodiments, recombinant
technology can be used to produce C1-INH, such as recombinant human C1-INH,
in a transgenic animal or cell line. Commercially available products comprising C1-
inhibitor are, e.g. plasma-derived CINRYZE™ (Viropharma), recombinant
RUCONEST™ or RHUCIN™ (both Pharming), and plasma-derived BERINERT®
(CSL Behring). BERINERT® is indicated for treatment of hereditary angioedema
and congenital deficiencies. Recombinant C1-INH can be prepared by known
methods.

In some embodiments, one or more plasma-derived C1-INH (such as human

plasma-derived C1-INH) is used in the compositions and methods disclosed herein.
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In some embodiments, one or more recombinant C1-INH (such as recombinant
human C1-INH) is used. In some embodiments, a combination of one or more
plasma-derived C1-INH (preferably human plasma-derived C1-INH) and one or
more recombinant C1-INH (preferably recombinant human C1-INH) are used.

V. Pharmaceutical Compositions

In any of the various aspects of the invention, the FXII inhibitor and/or C1-INH may
have a purity of greater than 80%, or greater than 95%, 96%, 97%, 98%, or 99%. In
one embodiment, the FXII inhibitor and/or C1-INH may have a pharmaceutically
pure state that is greater than 99.9% pure with respect to contaminating
macromolecules, such as other proteins and nucleic acids, and may be free of

infectious and pyrogenic agents.

In certain embodiments, a pharmaceutical composition can comprise at least one
additive such as a filler, bulking agent, buffer, stabilizer, or excipient. Some
exemplary pharmaceutical formulation techniques are described, e.g., in the 2005
Physicians’ Desk Reference, Thomson Healthcare: Montvale, NJ, 2004;
Remington: The Science and Practice of Pharmacy, 20th ed., Gennado et al., Eds.
Lippincott Williams & Wilkins: Philadelphia, PA, 2000; Kibbe et al. Handbook of
Pharmaceutical Excipients, (3rd ed., Pharmaceutical Press), 2000.).
Pharmaceutical additives include, e.g., mannitol, starch, glucose, lactose, sucrose,
gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate,
talc, sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol,
and the like. In certain embodiments, the pharmaceutical compositions may also
contain pH buffering reagents and wetting or emulsifying agents. In further
embodiments, the compositions may contain preservatives and/or stabilizers.
Pharmaceutical compositions may be formulated in lyophilized or stable soluble
form. Polypeptides may be lyophilized by a variety of procedures known in the art.

In certain embodiments, a pharmaceutical composition comprising at least one C1-
INH and/or a pharmaceutical composition comprising at least one FXII inhibitor are
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prepared for use in treating a disorder of the contact activation system. For
example, if a powder or lyophilized form of C1-INH or FXIl inhibitor (e.g., by freeze
drying) is provided and an aqueous pharmaceutical is desired, the powder can be
dissolved by mixing with aqueous components of the pharmaceutical formulation
and stirred using suitable techniques such as vortexing or gentle agitation.
Alternatively, if an aqueous pharmaceutical is desired and the C1-INH or FXII
inhibitor is already in aqueous form, the components can be directly combined prior
to administration. In certain embodiments, C1-INH is provided in lyophilized form
and combined with an aqueous FXII inhibitor composition prior to administration to
a patient. In other embodiments, FXII inhibitor is provided in lyophilized form and
combined with aqueous C1-INH composition prior to administration. In still other
embodiments, both C1-INH and FXII inhibitor are provided in lyophilized form and
combined with aqueous pharmaceutical components (e.g., additional active
components or inactive components such as fillers, stabilizers, solvents, or carriers)
prior to administration. In yet other embodiments, both C1-INH and FXII inhibitor
are provided in aqueous form and may be administered separately or may be

combined prior to administration to a patient.

The formulation of pharmaceutical compositions may vary depending on the
intended route of administrations and other parameters (see, e.g., Rowe et al.,,
Handbook of Pharmaceutical Excipients, 4th ed., APhA Publications, 2003). In
some embodiments, the pharmaceutical composition may be a lyophilized cake or
powder. The lyophilized composition may be reconstituted for administration by
intravenous injection, for example with Sterile Water for Injection, USP. In other
embodiments, the composition may be a sterile, non-pyrogenic solution. In still

further embodiments, the composition is delivered in powder form in a pill or tablet.

Formulations of the FXII inhibitor and/or the C1-INH may be delivered to the patient
by any pharmaceutically suitable means of administration. For example, the
compositions can be administered systemically, such as parenterally. Parenteral

formulations may be administered intravenously or subcutaneously, either in bolus
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form or as an infusion, according to known procedures. Preferred liquid carriers,
which are well known for parenteral use, include sterile water, saline, aqueous
dextrose, sugar solutions, ethanol, glycols, and oils. For systemic use, the
therapeutic proteins may be formulated for an intravenous line or an arterial line.
The formulations may be administered continuously by infusion or by bolus

injection.

Tablets and capsules for oral or rectal administration may contain conventional
excipients such as binding agents, fillers, lubricants, or wetting agents, etc. Oral or
rectal liquid preparations may be in the form of aqueous or oily suspensions,
solutions, emulsions, syrups, elixirs or the like, or may be presented as a dry
product for reconstitution with water or other suitable vehicle prior to use. Such
liquid preparations may contain conventional additives, such as suspending agents,
emulsifying agents, non-aqueous vehicles, and preservatives. Some formulations

encompass slow release systems, such as a patch.

Also disclosed are kits for the treatment of a disorder of the contact activation
system. In certain embodiments, the kits comprise (a) at least one FXII inhibitor; (b)
at least one C1-INH, either packaged in separate containers or mixed together into
one container, (c) instructions for use in the treatment of a disorder of the contact
activation system, and optionally (d) at least one further therapeutically active
ingredient.

The components of the kit may be contained in one or different containers such as
one or more vials. The at least one FXII inhibitor may be in liquid or solid form (e.g.
after lyophilization). If in liquid form, the at least one FXII inhibitor may comprise
additives such as stabilizers and/or preservatives such as proline, glycine, or
sucrose or other additives. Likewise, the at least one C1-INH may be in liquid or
solid form (e.g. after lyophilization). If in liquid form, C1-INH may comprise additives
such as stabilizers and/or preservatives such as proline, glycine, or sucrose or

other additives.
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In certain embodiments, the kit may contain additional compounds such as
therapeutically active compounds or drugs that are to be administered before, at the
same time, or after administration of the at least one FXII inhibitor and at least one
C1-INH. Examples of such compounds include vitamins, antibiotics, anti-viral
agents, etc. In other embodiments, compounds intended to remove or inhibit blood
clot formation (e.g., tissue plasminogen activator (tPA), acetylsalicylic acid,

clopidogrel, or dipyridamole) can be included with the Kkit.

In various embodiments, instructions for use of the kit can include directions to use
the kit components in the treatment of a disorder of the contact activation system.
The instructions may further contain information regarding how to prepare (e.g.,
dilute or reconstitute, in the case of freeze-dried protein) the at least one FXII
inhibitor and at least one C1-INH. The instructions may further include guidance

regarding the dosage and/or frequency of administration.
EXAMPLES

The following examples serve to illustrate, and in no way limit, the present

disclosure.

Example 1: Synergistic antithrombotic effects in FeCls-induced arterial
thrombosis in rats by a combined intravenous treatment of rHA-Infestin-4 and
BERINERT®

The effect of combining treatment with Factor XII inhibitor rHA-Infestin-4 and C1-
inhibitor (INH) BERINERT® was evaluated in a rat arterial thrombosis model.

Treatment groups were as shown in Table 3:
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Table 3: Treatment groups
No. Treatment Dose Volume Schedul Route N
e
1 Isotonic saline N/A' 4ml/kg t=-5min iv. 11
2 rHA-Infestin-4 4 4ml/kg t=-5min iv. 11
mg/kg
3 C1-INH (BERINERT®) 20 4mL/kg t=-5min iv. 11
IU/kg
4 rHA-Infestin-4 + 4 4ml/kg t=-5min iv. 10
C1-INH (BERINERT®)  mglkg
20
IU/kg

'N/A = not applicable

Female CD-Rats (7-8 weeks), obtained from Charles River Laboratories, received a
single i.v. injection of the treatment solution as listed in Table 3 at t= -5 min in deep
anesthesia. Thereafter, the effects of the treatment on thrombotic occlusion were
quantified. Baseline blood flow was determined by placing an ultrasonic flow probe
around the exposed carotid artery. To initiate thrombosis, a 2.5 mm? (1x2.5 mm)
patch of filter paper saturated with 35 % ferric chloride solution was placed on the
carotid artery downstream from the flow probe at t=0 min. After 3 minutes the filter
paper was removed and blood flow was monitored for 60 minutes or until

thrombotic occlusion of the vessel (i.e., cessation of blood flow).

Figure 1 presents the time course of arterial occlusion, as well as occlusion rates
following FeCls application. Table 4 presents the occlusion rates (i.e., number of

animals where total occlusion was observed) in each treatment group.
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Table 4: Occlusions rates following treatment

No. Treatment Occlusion Rate N

1 Isotonic saline 10/11 (91 %) 11
rHA-Infestin-4

2 6/11 (55 %) 11
4 mg/kg
C1-INH (BERINERT®)

3 9/11 (82 %) 11
20 1U/kg
rHA-Infestin-4 (4 mg/kg)

4 + C1-INH (BERINERT®)  2/10 (20 %) 10
(20 IU/kg)

As shown in Table 4, the three minute ferric chloride lesion of the carotid artery
resulted in thrombotic occlusion in 10/11 (91 %) isotonic saline-treated rats (Table
4). These vessel occlusions occurred within 32 minutes (Fig. 1). Pretreatment with
4 mg/kg rHA-Infestin-4 resulted in a partial prevention (55 % occlusion) of arterial
thrombosis in a group of 11 rats. A dose of 20 IU/kg C1-INH (BERINERT®) was
inefficient (i.e. 82 % occlusion), whereas BERINERT® in combination with 4 mg/kg
rHA-Infestin-4 led to a substantial protection from arterial thrombosis (20 %
occlusion). Figure 2 graphically compares the percentage of vessels occluded (i.e.,

the occlusion rates) for each treatment group.

This study demonstrated that protection from arterial thrombosis could be
synergistically enhanced, if rHA-Infestin-4 (4 mg/kg) was combined with 20 IU/kg
C1-INH (BERINERT®).

Example 2: Murine EAE model of Multiple Sclerosis

The effect of combination treatment using at least one Factor Xll inhibitor and at
least one C1-INH is evaluated in a murine experimental autoimmune
encephalomyelitis (EAE) animal model. (Stlve et al., Arch Neurol. 2010; 67:1307-
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15.) Treatment groups include a saline control group, a group treated with at least
one Factor Xll inhibitor, a group treated with at least one C1-INH, and a group
treated with at least one Factor Xll inhibitor and at least one C1-INH, optionally
compared to groups treated with one or more corticosteroid, interferon, or
glatiramer acetate. The C1-INH is BERINERT® (CSL Behring), and the FXII
inhibitor is rHA-Infestin-4 or the anti-FXlla antibody 3F7.

EAE is induced by immunization of 10-12 weeks old female C57BI/6 mice with 200
Hg MOGss.55. The C57BI/6 MOG3s.55 mouse model is commonly used for pre-clinical
validation of therapeutic compounds. (Krishnamoorthy & Wekerle, Eur. J. Immunol
2009; 39:2031-35.) The course of EAE in this model resembles a primary
progressive form of MS, since once induced the disease does not remit. Complete
Freund’'s Adjuvant (CFA) is supplemented with MOG to obtain a 1 mg/ml emulsion
and 2 x 100 pl are injected subcutaneously at two different sites of the flank of

deeply anesthetized mice.

Treatment is administered by daily intravenous injection over a 50 day period. The
course of EAE in the different treatment groups is monitored daily by two blinded
investigators using the following score system: grade 0, no abnormality; grade 1,
limp tail tip; grade 2, limp tail; grade 3, moderate hind limb weakness; grade 4,
complete hind limb weakness; grade 5, mild paraparesis; grade 6, paraparesis;
grade 7, heavy paraparesis or paraplegia; grade 8, tetraparesis; grade 9,
quadriplegia or premoribund state; grade 10, death. Scores over the 50 day
monitoring period are compared, looking for any alteration, additive, or synergistic
effects across the different treatment groups. After 50 days, mice are sacrificed,
tissue samples are collected, and evaluated histopathologically for EAE

progression.

Example 3: Rat Model of Skeletal Ischemia
The effect of combination treatment using at least one Factor Xll inhibitor and at
least one C1-INH is evaluated in a rat model of skeletal ischemia. Treatment
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groups include a saline control group, a group treated with at least one Factor XlI
inhibitor, a group treated with at least one C1-INH, and a group treated with at least
one Factor Xl inhibitor and at least one C1-INH. The C1-INH is BERINERT® (CSL
Behring) and the FXII inhibitor is rHA-Infestin-4.

Male Wistar rats are anesthetized and limb fur is completely removed from both
hind limbs with an electric shaver. The rats are kept on a heating pad to maintain
body temperature at 37°C. Approximately, thirty minutes after the induction of
anesthesia, unilateral hind limb ischemia is induced for 3 hours by clamping the
femoral artery. After 3 hours of ischemia, the limb is reperfused for 24 hours.

Immunofluorescence is used to quantify the deposition of various components of
the complement system as well as Fibrin/ Fibrinogen, Heparan Sulfate, Bradykinin
receptor By and Bradykinin receptor By in tissue samples from the occluded and
reperfused muscle. Tissue samples are washed in PBS, blotted dry, and embedded
in matrix (OCT, Tissue tek) on dry ice. Samples are incubated with primary
antibodies over night at 4°C, followed by secondary antibody incubation for 1 hour
at room temperature. Immunofluorescence levels are quantified in the different
samples, looking for any alteration, additive, or synergistic effects across the
different treatment groups. Additionally, a tissue wet/dry ratio is calculated from
tissue samples to evaluate effects on edema formation during skeletal IRl in an
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma, St.
Louis, USA) assay used to evaluate effects on muscle viability.

Example 4: Mouse Model of Hereditary Angioedema

The effect of combination treatment using at least one Factor Xll inhibitor and at
least one C1-INH is evaluated in a mouse model of hereditary angioedema (HAE).
Treatment groups include a saline control group, a group treated with at least one
Factor Xll inhibitor, a group treated with at least one C1-INH, and a group treated
with at least one Factor Xll inhibitor and at least one C1-INH, optionally compared
to a group treated with a Kunitz domain plasma kallikrein inhibitor (DX88). The C1-
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INH is BERINERT® (CSL Behring), and the FXII inhibitor is rHA-Infestin-4 or the
anti-FXlla antibody 3F7.

Mice in which physiological C1-INH is not expressed (Han et al., J. Clin. Invest.
109:1057-1063 (2002)) are obtained and tested for symptoms of HAE. Mice are
administered treatment, followed by injection with Evans blue dye (30 mg/kg in 100
ul PBS; Sigma Chemical Co., St. Louis, Missouri, USA) into the tail vein after
dosing. Tissue samples are taken 30 minutes after injection with dye. Vascular
permeability is measured by quantifying the degree of extravasation of dye from the
vasculature, looking for any alteration, additive, or synergistic effects across the
different treatment groups. Alternatively, other C1-INH-deficient mice (Oschatz et
al., Immunity 34:258-268 (2011)) can be used for efficacy studies. Furthermore,
after treatment with study drugs, different edema-provoking stimuli can be applied
either locally or intravenously, followed by evaluation of edema formation or

increased vascular permeability monitored via an intravenous tracer application.

The preceding examples are intended to illustrate and in no way limit the present
disclosure. Other embodiments of the disclosed compositions and methods will be
apparent to those skilled in the art from consideration of the specification and

practice of the compositions and methods disclosed herein.
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Claims:

A composition comprising an effective amount of at least one Factor XII (FXII)
inhibitor and at least one C1-Inhibitor (C1-INH) for the use of treating a
disorder of the contact activation system selected from a thrombotic disorder,
an interstitial lung disorder, a fibroproliferative disorder, idiopathic pulmonary
fibrosis, a neurological inflammatory disorder, a disorder related to kinin
formation, a disorder of the complement activation system, and an ischemia-

reperfusion injury (IRI) wherein the FXII inhibitor is not C1 INH.

A composition comprising an effective amount of at least one Factor XII (FXII)
inhibitor and at least one C1-Inhibitor (C1-INH) for the use of treating a
disorder selected from a thrombotic disorder, an interstitial lung disorder, a
fibroproliferative disorder, idiopathic pulmonary fibrosis, a neurological
inflammatory disorder, a disorder related to kinin formation, a disorder of the
complement activation system, and an ischemia-reperfusion injury (IRI)
wherein the FXII inhibitor is not C1 INH.

A composition for use according to claim 1 or 2, wherein the disorder is a
thrombotic disorder and is a venous, arterial or capillary thrombus, a thrombus
in the heart, a chronic or acute thromboembolism, thrombus formation during
or after contacting blood with an artificial surface, a spinal cord injury, a
traumatic brain injury, a secondary brain edema, or an edema of the central

nervous system.

A composition for use according to claim 3, wherein the thrombotic disorder is
a venous, arterial, or capillary thrombus, and is a stroke, myocardial infarction,

deep vein thrombosis (DVT), portal vein thrombosis, thromboembolism, renal
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vein thrombosis, jugular vein thrombosis, cerebral venous sinus thrombosis,

Budd-Chiari syndrome, Paget-Schroetter disease, or silent brain ischemia.

A composition for use according to claim 1 or 2, wherein the disorder is a
disorder related to kinin formation, and is hereditary angioedema (HAE),
secondary brain edema, edema of the central nervous system, hypotensive
shock, or edema during or after contacting blood with an artificial surface.

A composition for use according to claim 1 or 2, wherein the disorder is a
neurological inflammatory disorder, and is a spinal cord injury, a traumatic
brain injury, multiple sclerosis, transverse myelitis, neuromyelitis optica
(Devic’'s disease), a secondary brain edema, or an edema of the central

nervous system.

A composition for use according to claim 1 or 2, wherein the disorder is a local
or remote IRI, in particular a remote IRI that affects the lungs, heart, brain,
kidney, intestine, pancreas, liver, or extremities; or results in multi-organ
dysfunction syndrome (MODS) or systemic inflammatory response syndrome
(SIRS) in the absence of treatment.

A composition for use according to claim 1 or 2, wherein the disorder is IRI
due to surgical intervention, in particular vascular surgery, cardiac surgery,
neurosurgery, trauma surgery, cancer surgery, orthopedic surgery,
transplantation, minimally invasive surgery, or insertion of a device for delivery
of a pharmacologically active substance or for mechanical removal of

complete or partial obstructions.

A composition for use according to any one of the claims 1 to 8, wherein the at
least one FXII inhibitor comprises
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the wild type Infestin-4 polypeptide sequence (SEQ ID NO: 1), or a

polypeptide sequence comprising:

(a) SEQ ID NO: 1 modified to contain 1-5 amino acid mutations outside
of N-terminal amino acid positions 2-13 of SEQ ID NO: 1;

and/or

(b) a homology of at least 70%, 80%, 85%, 90%, 95%, 98%, or 99% to
SEQ ID NO: 1 and retaining six conserved cysteine residues from
SEQ ID NO: 1;

a wild-type SPINK-1 polypeptide sequence (SEQ ID NO: 2), or a

polypeptide sequence comprising:

(a) SEQ ID NO: 2 mutated to replace N-terminal amino acid positions
2-13 with the N-terminal amino acids 2-13 of SEQ ID NO: 1; and
optionally further modified to contain 1-5 additional amino acid
mutations that increase the homology of the polypeptide sequence
to the sequence of SEQ ID NO: 1;

and/or
(b) a homology of at least 70%, 80%, 85%, 90%, 95%, 98%, or 99% to

SEQ ID NO: 2 and retaining six conserved cysteine residues from
SEQ ID NO: 2;

(iif) one of SPINK-1 mutants K1, K2, or K3 (SEQ ID NOS: 3, 4, or 5);

and/or

(iv) an anti-FXII antibody.
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10. A composition for use according to claim 9, wherein the anti-FXII antibody

comprises

() (a)a VH region comprising heavy chain CDR1 as set forth in SEQ ID NO:
8, heavy chain CDR2 as set forth in SEQ ID NO: 10, and heavy chain
CDR3 as set forth in SEQ ID NO: 12;

and/or

(b) a VL region comprising light chain CDR1 as set forth in SEQ ID NO:
13, light chain CDR2 as set forth in SEQ ID NO: 14, and light chain
CDR3 as set forth in SEQ ID NO: 16.;

or

(i) (a)a VH region comprising heavy chain CDR1 as set forth in SEQ ID NO:
8, heavy chain CDR2 as set forth in SEQ ID NO: 9, and heavy chain
CDR3 as set forth in SEQ ID NO: 11;
and/or
(b) a VL region comprising light chain CDR1 as set forth in SEQ ID NO:
13, light chain CDR2 as set forth in SEQ ID NO: 14, and light chain
CDR3 as set forth in SEQ ID NO: 15;

or

(iif) a VH region comprising SEQ ID NO: 6 and a VL region comprising SEQ
ID NO: 7.



10

15

20

25

30

WO 2014/207199 PCT/EP2014/063691

11.

12.

13.

14.

15.

16.

17.

18.

58

The method according to any one of claims 9-10, wherein the anti-FXII
antibody is an IgG antibody.

A composition for use according to any one of claims 1-9, wherein the at least
one FXII inhibitor is linked to a fusion partner comprising PEG or a half-life
enhancing polypeptide selected from albumin, afamin, alpha-fetoprotein,
vitamin D binding protein, human albumin, an immunoglobulin, and an Fc of

an IgG.

A composition for use according to claim 12, wherein the half-life enhancing
polypeptide is linked to the FXII inhibitor via a linker.

A composition for use according to any one of claims 12-13, wherein the at
least one FXII inhibitor is a fusion protein comprising human albumin joined to

a FXII inhibitor via a linker peptide.

A composition for use according to any one of claims 1-14, wherein the at
least one FXII inhibitor and the at least one C1-INH are administered after a
patient develops the disorder of the contact activation system.

A composition for use according to any one of the claims 1-15, wherein the at
least one FXII inhibitor and the at least one C1-INH are administered (i) in a
single dose as an injection or an infusion, (ii) in multiple doses, each as an

injection or an infusion, or (iii) as a continuous infusion or application.

A composition for use according to claim 16, wherein the at least one FXII
inhibitor and the at least one C1-INH are administered intravenously.

A composition for use according to any one of claims 1-17, wherein the at
least one FXII inhibitor and the at least one C1-INH are administered at the

same time
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or wherein the at least one FXII inhibitor and the at least one C1-INH are
administered sequentially, with either the FXII inhibitor administered first or the
C1-INH administered first.

A composition for use according to claim 18, wherein the at least one C1-INH
is administered immediately after the at least one FXII inhibitor, or up to about
10 minutes after the at least one FXII inhibitor

or wherein the at least one FXII inhibitor is administered immediately after the

at least one C1-INH or up to about 10 minutes after the at least one C1-INH.

A composition for use according to any one of the claims 1-19, wherein the at
least one FXII inhibitor is administered at a concentration ranging from about
0.01 to about 1000 mg/kg body weight, or about 1 to about 500 mg/kg; and/or
the at least one C1-INH is administered at a concentration ranging from about
0.01 1U/kg to about 5000 1U/kg of bodyweight, or about 5 to about 500 1U/kg.

A composition for use of any one of claims 1-20, wherein the at least one FXII
inhibitor and the at least one C1-INH are administered immediately after, or up
to 1 hour, six hours, 12 hours, 1 day, 3 days, 5 days, or 10 days after an initial

insult or episode of the disorder of the contact activation system.

A composition for use according to claim 21, wherein the at least one FXII
inhibitor and the at least one C1-INH are administered at least twice, at least

three times, or at least five times.

A composition for use according to any one of claims 1-22, wherein the at
least one C1-INH is a plasma-derived C1-Inhibitor and/or a recombinant C1-
Inhibitor in particular identical to the naturally occurring human protein or is a

functional variant thereof.
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24.

25.

26.

60

A composition for use according to claim 23, wherein the at least one C1-INH
is a plasma-derived human C1 Esterase Inhibitor and/or a recombinant human

C1 Esterase Inhibitor.

A kit for use in the treatment of a disorder of the contact activation,

comprising:

(a) at least one FXII inhibitor;

(b) at least one C1-INH;

(c) instructions for using the kit in the treatment of a disorder of the contact
activation system; and

(d) optionally, at least one further therapeutically active compound or drug,

wherein the at least one FXII inhibitor and the at least one C1-INH are

provided in separate containers or are mixed together in a single container

and wherein the FXII inhibitor is not C1-INH.

The kit according to claim 25, wherein the further therapeutically active

compound or drug is heparin, acetylsalicylic acid, clopidogrel or dipyridamole.
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