wo 20187213697 A1 | 0E 0000 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
22 November 2018 (22.11.2018)

(10) International Publication Number

WO 2018/213697 Al

WIPO I PCT

(51) International Patent Classification:
AG61K 31/4745 (2006.01) AG61K 31/713 (2006.01)
A61K 31/7088 (2006.01)

(21) International Application Number:
PCT/US2018/033376

(22) International Filing Date:
18 May 2018 (18.05.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
62/508,530 19 May 2017 (19.05.2017) US
62/638,579 05 March 2018 (05.03.2018) US

(71) Applicant: BAND THERAPEUTICS, LLC [US/US]; 8
Worcester Street, Belmont, Massachusetts 02478 (US).

(72) Inventors: ZHU, Shuhao; 71 Autumn Lane, Lincoln,
Massachusetts 01773 (US). GILBERT, James C.; 110
Paddy Hollow Road, Bethlehem, Connecticut 06751 (US).

(74) Agent: WARD, Donna T.; DT WARD, PC, 142A Main
Street, Groton, Massachusetts 01450 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: COMPOSITIONS AND METHODS FOR THE TREATMENT OF COMPLICATIONS AND DISORDERS RELATING

TO VON WILLEBRAND FACTOR

ARC-15105
PRIOR ART

40 KDa
PEG

Composition: MNA PS Content: 0

Size: 29 nucleotides {+ 1 idT)
PS Content: O

Composition: MNA
Size: 21 nucleotides {+ 1 idT)

@ Methylated nucleotide
@ inverted deoxyT

Fig. 1

ARC-1773
PRIOR ART

Composition: DNA/MNA
Size: 39 nucleotides {+1 idT}
PS Content: 1

KK KDa
PEG

Pegylation Moiety
{optional)

@ Phosphorothioate (P$)

(57) Abstract: The present invention provides VWF protective agents, including aptamers and antibodies for the treatment and or
amelioration of complications or disorders arising from aberrant binding or function of VWF.

[Continued on next page]



WO 2018/213697 A1 | NIV T

Published:

—  with international search report (Art. 21(3))

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

—  with sequence listing part of description (Rule 5.2(a))



WO 2018/213697 PCT/US2018/033376

COMPOSITIONS AND METHODS FOR THE TREATMENT OF COMPLICATIONS
AND DISORDERS RELATING TO VON WILLEBRAND FACTOR

CROSS REFERENCE TO RELATED APPLICATIONS

[0001]  This application claims priority to U.S. Provisional Patent Application No.
62/508,530 filed May 19, 2017, entitled Compositions and Methods for the Treatment of
Complications and Disorders Relating to Von Willebrand Factor, and U.S. Provisional Patent
Application No. 62/638,579 filed March 5, 2018, entitled Compositions and Methods for the
Treatment of Complications and Disorders Relating to Von Willebrand Factor, the contents of

which are herein incorporated by reference in their entirety.

SEQUENCE LISTING

[0002] The present application is being filed along with a Sequence Listing in electronic
format. The Sequence Listing is provided as a file entitled 20591002PCT_SL .txt, created on
May 18, 2018, which is 40,942 bytes in size. The information in the electronic format of the

sequence listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
[0003] The present invention relates to the field of therapeutic modalities useful in the

treatment of complications and disorders relating to von Willebrand factor.

BACKGROUND OF THE INVENTION

[0004] Von Willebrand Factor (VWF) is essential for the first step in maintaining
hemostasis, i.e., arresting hemorrhage at sites where there has been a break in the integrity of
the vasculature. VWF makes a molecular bridge between the collagen structural matrix which
underlies the vascular endothelium and circulating blood platelets, enabling platelets to adhere
to sites of vessel damage and initiate formation of thrombus in order to arrest hemorrhage.
This essential function of VWF is performed by high molecular weight multimers of
individual VWF molecules, and these multimers are activated to bind platelets when they are
exposed to hemodynamic shear forces (in a manner analogous to uncoiling a rope). Activation
of VWF has been shown to occur through a two-step conformational transition: flow-induced
elongation followed by a tension-dependent local transition to a state with high affinity for
platelet Gplba (Fu H, et al., Flow-induced elongation of von Willebrand factor precedes
tension-dependent activation. Nat Commun. 2017 Aug 23;8(1):324). At the same time, the

uncoiling which activates VWF multimers also exposes them to destruction by proteolysis,
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thus providing a feedback loop that prevents excessive thrombus formation. More recently,
VWF has been found to be involved in a number of processes in the vasculature, including the
regulation of new blood vessel formation (Randi AM, et al., Von Willebrand Factor,
Angiodysplasia and Angiogenesis. Mediterr J Hematol Infect Dis. 2013;5(1): €2013060;
eCollection 2013).

[0005] Recent advances in the design of the medical device known as a ventricular assist
device (“VAD”) have improved VAD performance and the hemodynamic support such
devices can provide to patients with severe heart failure. One such advance was the
introduction of continuous (as opposed to pulsatile) flow systems, exemplified in devices such
as HeartWare’s HVAD® or Thoratec’s HEARTMATE®. However, one of the major
drawbacks of mechanically supporting blood flow is the fact that the blood is locally exposed
to non-physiological flow conditions, such as high pressures and steep velocity gradients.
Thus, in VAD patients, VWF (and other blood components) are continuously subjected to high
shear force created by the VAD itself. The hemodynamic shear forces produced by the
continuous flow pump design can cause a defect in the function of the coagulation system
known as Acquired Von Willebrand Syndrome (aVWS) and, as a result, a substantial
incidence of major bleeding, especially from the gastrointestinal (GI) tract. Abnormal blood
vessel formation is also observed in these patients and contributes to the bleeding (Suarez J, et
al., Mechanisms of bleeding and approach to patients with axial-flow left ventricular assist
devices. Circ. Heart Fail. 2011 4:779-84 and references therein).

[0006] The effect of this mechanical shear force is further amplified by the tethering of
circulating platelets as the VWF multimer begins to uncoil and expose its platelet binding sites
(sites which are biochemically designated “A1 domains™). That is, as platelets in flowing
blood are bound to A1 domains exposed on the partially uncoiled VWF multimer, the bound
platelets apply traction and fully stretch out the multimeric strand. Once fully extended the
VWF multimer is most susceptible to proteolytic degradation. This pathophysiologic
paradigm predicts that VAD patients would manifest reduced amounts of the fully functional,
high molecular weight VWF multimers, which is indeed the case. Administration of
exogenous VWF or stimulation of secretion of endogenous stores of VWF would not be
predicted to provide a lasting correction to the problem, since the supplemental VWF would
soon also become proteolytically degraded in the same manner.

[0007]  Another drawback of ventricular assist devices, in particular, left ventricular assist
devices (LVAD:s), as a result of the high shear forces has recently been reported by Starling et
al., who have observed an increase in the rate of thrombosis in the VAD instrument among

patients who received the HeartMate II™ LVAD. Starling RC, et al., Unexpected Abrupt
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Increase in Left Ventricular Assist Device Thrombosis, 2014, N. Engl. J Med., 370:33-40.

Others have reported similar findings with LVADs. Capoccia M, et al., Recurrent Early
Thrombus Formation in Heartmate II Left Ventricular Assist Device, 2013, J. Inv. Med.,
1:DOI:10, 1177/2324709613490676; Meyer AL, et al., Thrombus Formation in a Heartmate
11 Left Ventricular Assist Device, 2008, J. Thorac Cardiovasc Surg, 135:203-204. The high
shear rate at the VAD activates VWF, causing local thrombus formation at the VAD inlet and
systemic VWF depletion leading to aVWS.

[0008]  As discussed above, platelet aggregation at sites of vascular injury is central to the
arrest and control of bleeding, as well as for subsequent vascular repair; however, an
exaggerated platelet aggregation response at sites of vascular damage or atherosclerotic plaque
rupture can lead to the development of vascular occlusive thrombi. Studies have shown that
VWEF - platelet interactions mediate occlusive thrombi formation under very high shear rates.
Le Behot A, et al., Gplba-VWI blockade restores vessel patency by dissolving platelet
aggregates formed under very high shear rate in mice. Blood, 2013: Feb 19, 2014; DOI
10.1182/blood-2013-12-543074. Thus, elevated levels of shear stress in VAD are associated
with both aVWS (as a result of VWF multimer formation and subsequent destruction by
proteolysis) and thrombus formation (as a result of the VWF-platelet aggregation response).
[0009] Thrombus development in the coronary and cerebral arteries is the most common
cause of mortality and morbidity worldwide, precipitating diseases such as myocardial
infarction and ischemic stroke, respectively. Current thrombolytic treatments target only one
constituent of the thrombus, fibrin, and are therefore only partially effective in dissolving
arterial and platelet-rich thrombi. Furthermore, while treatment that seeks to disrupt the
platelet — fibrin interaction (i.e., platelet Gpllb/II1a inhibitors) is effective for preventing initial
thrombus formation and dissolving fresh platelet aggregates, such disruption does not
significantly prevent thrombus formation in pre-occluded arteries having very high shear rates
or have a significant impact on the patency of pre-occluded arteries (vessels that are at least
50% occluded). More recent studies have shown, however, that blockage of the interaction
between VWF (A1 domain) and its cognate ligand on platelets (Gplb) slows the rate of
occlusive thrombus formation under very high shear rates and dissolves already-formed
occlusive thrombi, thereby effectively increasing the patency of occluded arteries.

[0010]  Another disorder associated with VWF interactions is sickle cell disease.

[0011]  Sickle cell disease results from inheritance of a mutant -globin allele (Glu6Val),
either as 2 copies or with an allele specifying deficient or defective -globin, yielding rigid,
adhesive, lysis-prone erythrocytes. These properties account for the clinical manifestations of

sickle cell disease, including chronic hemolytic anemia and episodic vaso-occlusion, affecting
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many organs. Patients with the highest hemolytic rates are at risk for a syndrome composed of
pulmonary artery hypertension, priapism, and leg ulcers. Several adhesive molecules have
been implicated in sickle vaso-occlusion, including VWF. Acutely activated endothelial cells
can release massive quantities of very large and hyperadhesive VWF molecules which are
capable of spontaneously binding erythrocytes, especially sickle cells.

[0012] There is extensive medical literature describing the phenomenon of VAD-associated
acquired Von Willebrand Syndrome (aVWS); however, no known cure is currently available
(See: Suarez J, et al., Mechanisms of Bleeding and Approach to Patients with Axial-Flow Left
Ventricular Assist Devices. Circulation: Heart Failure 2011; 4(6):779-784). Current treatments
involve administration of additional clotting factors or concentrated VWF, each of which
carries significant risk.

[0013] Likewise, there is recent literature describing the observation of thrombosis in the
VAD instrument among patients who received VAD treatment and, in particular LVAD
treatment. Such thrombosis is referred to herein as “VAD-associated pump thrombosis.” See,
for example, Fig. 2 in Starling RC, et al., Unexpected Abrupt Increase in Left Ventricular
Assist Device Thrombosis, 2014, N. Engl. ] Med., 370:33-40, which shows thrombus
formation in LVAD. To date, however, no therapies have been proposed or adopted to prevent
the incidence of thrombosis, other than anticoagulant therapies.

[0014] Consequently, there remains a need for drugs or biotherapeutic agents which target
VWEF interactions. Specifically, there remains a need for pharmacologic antagonists of the
processes by which VWF multimers are destroyed in VAD patients and which are antagonists
of thrombi formed under very high shear rates, such as those found in VAD patients and also
in pre-occluded vascular vessels (which may be present in both VAD and non-VAD subjects).
There also remains a need for antagonists of thrombus formation in VAD instruments. In each
of these various conditions, such agents may antagonize the binding interaction between the
A1l domain of VWF and its cognate ligand on platelets, erythrocytes and/or Gplb, thereby
strengthening the VWF multimers and/or slowing their destruction. Utilization of such
compounds or compositions as a therapy in VAD patients for aVWS is quite counterintuitive
as it entails administration of an anti-clotting agent (which increases bleeding) to correct a
bleeding problem. The therapeutic rationale however is sound in that preservation of the high
molecular weight VWF multimers in VAD patients will prevent the downstream cascade
which ultimately leads to VWF proteolysis. Such agents may also antagonize the binding
interaction between the A1 domain of VWF and its cognate ligand on platelets and/or Gplb,

thereby disrupting and/or slowing the formation of occlusive thrombi.
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[0015] There also remains a need for agents that antagonize platelet aggregation or cross-
linking during closure (occlusion) of a vessel lumen (i.e., under very high shear rates, such as
those found in VAD patients and/or subjects with pre-occluded vessels) and agents that are
able to disaggregate or disrupt already-formed occlusive thrombi in a vessel. Such agents may
antagonize the interaction between VWFE and platelets, thereby restoring vessel patency after
occlusive thrombosis by disaggregating existing thrombi. Such agents are useful for the
treatment of cardiovascular and coronary diseases, such as myocardial infarction and ischemic
stroke. Such agents may also be useful to discourage the development of occlusive thrombi
during VAD treatment.

[0016] There also remains a further need for therapeutic intervention in complications and
disorders arising from other interactions of VWF multimers with erythrocytes, particularly in
the case of aberrant binding of VWF to erythrocytes in sickle cell disease. Such agents may
modulate the binding of VWF to erythrocytes in sickle cell disease.

[0017]  As stated, there remains a need for therapeutics for the treatment of vascular assist
device (VAD) associated complications and disorders, such as aVWS and occlusive
thrombosis, and for disorders arising from interactions of VWF multimers with erythrocytes,
such as the interaction that occurs between VWF multimers and erythrocytes in sickle cell
disease. There additionally remains a need for therapeutics that antagonize platelet aggregation
during occlusion of a vessel lumen or during thrombus formation during treatment with a
VAD instrument, and agents that are able to disaggregate or disrupt already-formed occlusive
thrombi in a vessel or already-formed thrombi in a VAD pump in the treatment of

cardiovascular and/or coronary diseases, such as stroke.

SUMMARY OF THE INVENTION

[0018] The present disclosure provides, among other things, antagonists of the VWF-
platelet interaction and of the VWF-erythrocyte interaction which may occur in circumstances
such as sickle cell disease either independently or in combination with VAD treatment, and
which may occur in circumstances of platelet aggregation during occlusive thrombus
formation in VAD patients or during closure of the lumen of a vessel such as that which may
occur in any number of conditions, such as, for example ischemic stroke. Such antagonists
may serve as VWF protective agents. Such antagonists may also serve as therapeutic agents in
the regulation and modulation of hemostasis, therapeutic agents for the treatment of vascular
assist device (VAD) associated complications and disorders, such as aVWS and occlusive
thrombosis, and therapeutic agents for the treatment of disorders arising from interactions of

VWF multimers with erythrocytes, such as in sickle cell disease. In addition, such agents may
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serve as therapeutic agents in the treatment of cardiovascular and cerebrovascular disorders,
such as myocardial infarction and stroke.

[0019]  Also provided are VWF protective agents comprising synthetic polynucleotides
comprising at least 21 contiguous nucleotides of SEQ ID NO: 1, which exhibit a double
stranded region having at least 6 base pairs. VWF protective agents having a double stranded
region of at least 6 base pairs may have greater thermostability at higher temperatures and
thereby greater affinity for VWF and increased functionality as compared to protective agents
with a shorter double stranded region of 5 base pairs or less. Shorter double stranded regions
may lead to unraveling of the stem-loop structure at higher temperatures and associated loss of
affinity and functionality.

[0020] In some embodiments, the synthetic polynucleotide of the present invention may be
25-30 nucleotides in length. The double stranded region may be from about 6 to about 9 base
pairs. Furthermore, the double stranded region is formed by 6 or more of the 3’ and 5’
nucleotides at or near the termini.

[0021] The synthetic polynucleotides of the present invention may be chemically modified.
Each nucleotide may contain at least one chemical modification. Such chemical modification
may be at the sugar, nucleobase or internucleoside linker of the synthetic polynucleotide.
Modifications to the sugar may consist of a 2> O-methyl modification.

[0022] Terminal cap structures may also be incorporated to the 3” and/or 5° termini. Such
structures include, but are not limited to at least one inverted deoxythymidine or amino group
(NH2). In one aspect, the 3’ terminal cap comprises an inverted deoxythymidine and the 5’
terminal cap comprises an amino group (NH2). In one aspect, the synthetic polynucleotide is
SEQ ID NO: 2.

[0023] The VWF protective agents comprising nucleic acid aptamers may be modified by
any number of conjugates. One such conjugate is a PEG (polyethylene glycol) moiety. Such
moieties may be of any size or branch configuration. In one aspect, the PEG moiety may be
conjugated to the 5” terminus of the nucleic acid aptamer. In another aspect, the PEG moiety
may be conjugated to the 3’ terminus of the nucleic acid aptamer. In one aspect, the synthetic
polynucleotide is SEQ ID NO: 3.

[0024]  Further provided herein are complementary synthetic polynucleotides which are
capable of hybridizing with, or binds to, in whole or in part any of the VWF protective agents
described above. In one aspect, the complementary synthetic polynucleotide may comprise at
least 12 contiguous nucleotides of SEQ ID NO: 4. In another aspect, the complementary
synthetic polynucleotide may comprise at least 15 contiguous nucleotides of SEQ ID NO: 4. In
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yet another aspect, the complementary synthetic polynucleotide may comprise at least 18-22
contiguous nucleotides of SEQ ID NO: 4.
[0025] The complementary synthetic polynucleotides may be chemically modified.
Chemical modifications may be made to at least one nucleotide of the complementary
synthetic polynucleotide. In some aspects, each of the nucleotides contains at least one
chemical modification. The chemical modification may be a 2'-O-methyl modification to a
nucleotide sugar. The complementary synthetic polynucleotides may further comprise a 3’
terminal cap. In one aspect, the 3” terminal cap may be an inverted deoxythymidine.
[0026] In some embodiments, the complementary synthetic polynucleotide comprises SEQ
ID NO: 5.
[0027]  Further provided herein are methods of preventing dissociation of VWF multimers
in a sample such as whole blood or plasma or within a medical or surgical device which is
subject to hemodynamic flow. While dissociation of multimers may, in part, leave functional
VWF species, in some instances dissociation can result in reduced function. As such, VWF
protective agents may function to mitigate this loss in or reduction of function.
[0028] In some embodiments, provided are uses of the synthetic polynucleotides or
complementary synthetic polynucleotides described herein in preparation of a medicament for
the treatment of a disease, disorder or complication relating to VWF. In one aspect, the
disorder is a thrombotic disorder. In one aspect, the thrombotic disorder is ischemic stroke.
[0029] In other embodiments, provided are uses of the synthetic polynucleotides or
complementary synthetic polynucleotides described herein in preparation of a medicament for
the treatment of a VAD associated complication or disorder. In one aspect, the complication or
disorder may be acquired Von Willebrand Syndrome (aVWS), angiodysplasia, occlusive
thrombosis, or VAD-associated pump thrombosis.
[0030] In other embodiments, provided are uses of any of the synthetic polynucleotides or
complementary synthetic polynucleotides described herein in preparation of a medicament for
the treatment of a complication or disorder which comprises aberrant binding of VWF to
erythrocytes. In one aspect, the complication or disorder may be sickle cell disease.
[0031] In other embodiments, provided are uses of any of the synthetic polynucleotides or
complementary synthetic polynucleotides described herein in preparation of a medicament for
the treatment of a complication or disorder associated with gastrointestinal (GI) bleeding
associated with angiodysplasia.
[0032] In other embodiments, provided are uses of any of the synthetic polynucleotides or
complementary synthetic polynucleotides described herein in preparation of a medicament for

restoring vessel patency in a subject having one or more vessel(s) occluded with at least one
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occlusive thrombus, wherein the vessel(s) are at least 50% occluded, the method comprising
contacting said subject with a VWF protective agent such that vessel patency is restored.
[0033] In other embodiments, provided are uses of any of the synthetic polynucleotides or
complementary synthetic polynucleotides described herein in preparation of a medicament for
disaggregating one or more occlusive thrombi in a subject having at least one vessel that is at
least 50% occluded. Such method includes contacting the subject with a VWF protective agent
such that the one or more occlusive thrombi are disaggregated.

[0034] In certain embodiments of any of the above methods relating to occlusive
thrombosis, the agent disaggregates the external layer of the occlusive thrombi. In certain
embodiments of any of the above methods relating to occlusive thrombosis, the occlusive
thrombi are formed under conditions of shear rates that are 10,000 s or greater. In certain
embodiments of any of the above methods relating to occlusive thrombosis, the occlusive
thrombi are resistant to fibrinolysis and/or antithrombotic agents. Diseases or disorders arising
from the formation of occlusive thrombi may include an acute coronary syndrome, acute
occlusion thrombosis, and ischemic stroke.

[0035]  Further provided are uses of any of the synthetic polynucleotides or complementary
synthetic polynucleotides described herein in preparation of a medicament for preventing
platelet aggregation in a subject having a thrombotic disorder or complication. The synthetic
polynucleotide may be administered via intravenous injection or subcutaneous injection. In
one aspect, the bioavailability of subcutaneous injection is at least 85% relative to intravenous
injection. In another aspect, the bioavailability of subcutaneous injection is at least 95%
relative to intravenous injection. In some embodiments, the synthetic polynucleotide may be
administered at a dose of from about 0.01 mg/kg to about 0.5 mg/kg of the subject body
weight. The synthetic polynucleotide may have a plasma half-life of from about 70 hours to
about 100 hours. In some embodiments, the synthetic polynucleotide may not function as an
anticoagulant. The synthetic polynucleotide may not prolong clotting time and/or alter
thrombin generation. In one aspect, the thrombotic disorder or complication is myocardial
infarction. In other aspect, the thrombotic disorder or complication is ischemic stroke.

[0036] In some embodiments are provided methods of treating thrombotic disorders and
complications thereof, comprising contacting a patient diagnosed with said disorder or
complication with any of the VWF protective agents of the invention. In one aspect, the
thrombotic disorder is ischemic stroke.

[0037] In some embodiments are provided methods of treating a VAD associated
complication or disorder, such as, for example, aVWS and occlusive thrombosis, comprising

contacting a patient diagnosed with said complication or disorder with any of the VWF
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protective agents of the invention. In certain embodiments, the thrombosis occurs in the VAD
instrument. In other embodiments, occlusive thrombosis occurs in the lumen of a
cardiovascular or cerebrovascular vessel in a VAD patient or a non-VAD subject. In some
instances, it may also be necessary to reverse or titrate the effects of the present VWF
protective agents. In this case, the present invention provides certain reversal agents.

[0038] In other embodiments, are provided methods for treating diseases or disorders
arising from aberrant interactions of VWF with erythrocytes using VWF protective agents. In
certain embodiments, the erythrocytes are sickle cells. The treatment of such diseases or
disorders may be in combination with a VAD treatment or independent of a VAD treatment.
[0039] In other embodiments, are provided methods of treating a complication or disorder
which comprises gastrointestinal bleeding associated with angiodysplasia with a VWF
protective agent, in combination with a VAD treatment or independent of a VAD treatment.
[0040] In other embodiments, are provided methods of treating a complication or disorder
which comprises thrombosis associated with VAD treatment with a VWF protective agent. In
one embodiment, occlusive thrombus formation can occur in one or more of the patient’s
vessels. In another embodiment, thrombus formation can occur in the VAD instrument itself.
Additionally, provided are methods for disaggregating one or more thrombi in a VAD patient
comprising contacting a VAD patient with a VWF protective agent. Further provided are
methods for decreasing the rate of thrombosis in a VAD patient comprising contacting a VAD
patient with a VWF protective agent such that the rate of thrombosis is decreased relative to
the rate of thrombosis in an untreated VAD patient.

[0041] In other embodiments, are provided methods of treating a complication or disorder
which comprises occlusive thrombus formation associated with very high shear rate (>10,000
s, such as the shear rate found in an occluded vessel, with a VWF protective agent. The
occlusive thrombus formation can occur in one or more of the subject’s vessels.

[0042]  Additionally, provided are methods for restoring vessel patency in a subject having
one or more occluded vessels comprising contacting said subject with a VWF protective agent.
Also provided are methods for disaggregating occlusive thrombi in one or more occluded
vascular vessels comprising contacting a subject having at least one occluded vessel with a
VWEF protective agent. Further provided are methods for decreasing the rate of vessel
occlusion in a subject comprising contacting said subject with a VWF protective agent such
that the rate of vessel occlusion is decreased relative to the rate of vessel occlusion in an
untreated subject.

[0043] In certain embodiments of any of the above methods relating to occlusive

thrombosis, the one or more vessels are at least 50% occluded. In certain embodiments of any
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of the above methods relating to occlusive thrombosis, the agent disaggregates the external
layer of the occlusive thrombi. In certain embodiments of any of the above methods relating
to occlusive thrombosis, the occlusive thrombi are formed under conditions of shear rates that
are 10,000 s or greater. In certain embodiments of any of the above methods relating to
occlusive thrombosis, the occlusive thrombi are resistant to fibrinolysis and/or antithrombotic
agents.
[0044]  Further provided are methods for treating diseases or disorders arising from the
formation of occlusive thrombi in a vascular vessel. In certain embodiments, the disease or
disorder is acute occlusion thrombosis or an acute coronary syndrome, including, for example,
myocardial infarction and unstable angina. In other embodiments, the disease or disorder is
ischemic stroke.
[0045] In further embodiments, are provided uses for any of the synthetic polynucleotides
or complementary synthetic polynucleotides described herein in preparation of a medicament
for the treatment of central nervous system (CNS) thrombosis associated with severe and/or
cerebral malaria.
[0046] In further embodiments, are provided uses for any of the synthetic polynucleotides
or complementary synthetic polynucleotides described herein in preparation of a medicament

for the treatment of gastrointestinal (GI) bleeding associated with Heyde’s Syndrome.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, as illustrated in the
accompanying drawings. The drawings are not necessarily to scale, emphasis instead being
placed upon illustrating the principles of various embodiments of the invention.

[0048] Fig. 1 is a diagram illustrating three aptamer constructs. BT-100 (SEQ ID NO: 2) of
the present invention is shown for comparison to PRIOR ART compounds ARC15105 (SEQ
ID NO: 6) and ARC1779 (SEQ ID NO: 7).

[0049]  Fig. 2 is a diagram illustrating a BT-100 reversal agent. Fig. 2 discloses SEQ ID
NOs 3 and 12, respectively, in order of appearance.

[0050] Fig. 3 shows a gel of Von Willebrand Factor multimers and the effects of BT-100 on
protection of multimers in human plasma from proteolytic degradation induced by high shear
conditions.

[0051] Fig. 4 is a schematic drawing depicting the sequential steps of thrombus formation.
Fig. 4A shows the initial stage of thrombus formation at < 50% occlusion under physiological

shear stress with platelet-platelet cross-linking involving mainly Gpllb/IIla interaction. Fig.
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4B shows the next step of thrombus formation at >50% occlusion under very high shear stress
with platelet-platelet cross-linking involving mainly Gplba-VWF interaction. Fig. 4C shows
the next step of fully occlusive thrombosis (100% occluded) which in the early stages is

resistant to Gpllb/Illa inhibitors and sensitive to inhibitors of the Gplba-VWF interaction.

DETAILED DESCRIPTION OF THE INVENTION

[0052] While the expert consensus is that the mechanical cause of the phenomenon is the
hemodynamic shear force created by axial flow pumps acting on VWF, the fluid shear force
created by a VAD is not alone sufficient to cause extensive proteolysis of VWF (Siediecki CA,
et al., Shear-dependent changes in the three-dimensional structure of human von Willebrand
Jactor. Blood 1996, 88(8):2939-2950; Schneider SW, et al. Shear-induced unfolding triggers
adhesion of von Willebrand factor fibers. Proceedings of the National Academy of Sciences
2007; 104(19):7899-7903; Selgrade BP and Truskey GA. Computational fluid dynamics
analysis to determine shear stresses and rates in a centrifugal left ventricular assist device.
Artif Organs 2012; 36(4):E89-E96; Zheng Y, et al., Flow-driven assembly of VWF fibres and
webs in in vitro microvessels. Nat Commun. 2015 Jul 30;6:7858; the contents of which are
each incorporated herein by reference in their entirety).

[0053] For example, it is well known that platelet tethering to the A1 domain of VWF
increases uncoiling under shear conditions and enhances VWF proteolysis and that drugs or
biotherapeutic agents which bind to the A1 domain antagonize the VWF-platelet interaction
(Shim K, et al., Platelet-VWF complexes are preferred substrates of ADAMTS13 under fluid
shear stress. Blood 2008; 111(2):651-657; Nishio K, et al., Binding of platelet glycoprotein
1ba to von Willebrand factor domain A1 stimulates the cleavage of the adjacent domain A2 by
ADAMTS13. Proceedings of the National Academy of Sciences of the United States of
America 2004; 101(29):10578-10583; Huang RH, et al., 4 structural explanation for the
antithrombotic activity of ARC1172, a DNA aptamer that binds von Willebrand factor domain
Al. Structure 2009; 17(11):1476-1484; Siller-Matula JM, et al., ARC15105 Is a Potent
Antagonist of Von Willebrand Factor Mediated Platelet Activation and Adhesion.
Arteriosclerosis, Thrombosis, and Vascular Biology 2012; 32(4):902-909; and Diener JL, et
al., Inhibition of von Willebrand factor-mediated platelet activation and thrombosis by the
anti-von Willebrand factor Al-domain aptamer ARC1779. Journal of Thrombosis and
Haemostasis 2009; 7(7):1155-1162; the contents of which are each incorporated herein by
reference in their entirety). In addition, it was known that VWF — platelet interactions mediate
occlusive thrombi formation under very high shear rates, such as shear rates observed in VAD

treatment. Blockage of the interaction between VWF (A1 domain) and its ligand on platelets
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(Gplb) slows the rate of occlusive thrombi formed under very high shear rates and dissolves
already-formed occlusive thrombi. Le Behot A, et al., Gplbo-VWF blockade restores vessel
patency by dissolving platelet aggregates formed under very high shear rate in mice, Blood,
2013: Feb 19, 2014; DOI 10.1182/blood-2013-12-543074; Starling RC, et al., Unexpected
Abrupt Increase in Left Ventricular Assist Device Thrombosis, 2014, N. Engl. J Med., 370:33-
40; Capoccia M, et al., Recurrent Early Thrombus FFormation in Heartmate II Left Ventricular
Assist Device, 2013, J. Inv. Med., 1:DOI:10, 1177/2324709613490676;, Meyer AL, et al.,
Thrombus Formation in a Heartmate 11 Left Ventricular Assist Device, 2008, J. Thorac
Cardiovasc Surg, 135:203-204; the contents of which are each incorporated herein by
reference in their entirety.

[0054]  On this background, the present inventors hypothesized that administration of a
VWEF antagonist should prevent and/or ameliorate VAD-associated complications and/or
disorders or side effects, such as aVWS and occlusive thrombosis.

[0055]  The therapeutic utility of Von Willebrand Factor antagonists has been demonstrated
in diseases of excessive activation of VWF-platelet binding. One such example is a
thrombotic disorder known as Thrombotic Thrombocytopenic Purpura (TTP), in which failure
of proteolysis of high molecular weight multimers of VWF leads to their accumulation, which
in turn may cause disseminated intravascular thrombosis. Administration of a VWF
antagonist to patients with TTP has been demonstrated to correct thrombocytopenia, a
hallmark of this disease, and clinical experiments to demonstrate improvement of clinical
outcome by this means are underway.

[0056]  Another example of the therapeutic utility of VWF antagonism is in treatment of a
rare, inherited disorder known as Von Willebrand Disease Type 2b (VWD Type 2b). Patients
with this disease have a mutation in the A1 domain of VWF that renders it constitutively
active, eliminating the normal requirement for activation of VWF by hemodynamic shear
force. As aresult of this unregulated activation of VWF and binding of platelets these patients
develop thrombocytopenia and reduced levels of high molecular weight multimers of VWF,
and are prone to spontaneous mucocutaneous bleeding (especially epistaxis or menorrhagia).
[0057] Administration of a VWF antagonist to patients with VWD Type 2b has been
demonstrated to correct their thrombocytopenia and to normalize their high molecular weight
VWF multimer mass (See Jilma-Stohlawetz P, et al., A4 dose ranging phase /I trial of the von
Willebrand factor inhibiting aptamer ARC1779 in patients with congenital thrombotic
thrombocytopenic purpura. Thromb Haemost 2011; 106(3); Jilma-Stohlawetz P, et al.,
Inhibition of von Willebrand factor by ARC1779 in patients with acute thrombotic
thrombocytopenic purpura. Thromb Haemost 2011; 105(3):545-552; US Publication
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2009/0203766; International Publication WO2010/091396 and Jilma-Stohlawetz P, et al., The

anti-von Willebrand factor aptamer ARC1779 increases von Willebrand factor levels and
platelet counts in patients with type 2B von Willebrand disease. Thromb Haemost 2012;
108(2), the contents of which are each incorporated herein by reference in their entirety).
[0058]  Yet given all of the foregoing there is still no satisfactory treatment of acquired Von
Willebrand Syndrome (aVWS) that occurs in patients after VAD implantation. In theory, one
might surmise that administration of exogenous VWF from donor plasma concentrates that
contain VWF or from recombinant sources (not yet commercially available) could transiently
restore high molecular weight VWF multimer levels. However, administration of exogenous
VWEF would not correct the underlying problem resulting from the causal chain starting with
mechanically-induced elevated shear force causing inappropriate activation of VWF, in turn
causing excessive platelet binding to VWF in turn causing exposure of VWF to proteolysis
which results in a deficiency of functional VWF multimers. Other than removing the source
of shear force (i.e., the VAD), which patients depend upon for hemodynamic support, the next
best way to interrupt this causal chain would be to preserve the multimers themselves as
proposed herein, by any of several ways including, but not limited to, blocking the binding of
platelets to the shear-force-activated and partially uncoiled VWF multimers.

[0059]  One of skill might also suggest that the compounds found to be useful in
Thrombotic Thrombocytopenic Purpura or Von Willebrand Disease Type 2b (VWD Type 2b)
such as ARC1779 or ARC15105 noted above may be effective. The present inventor has
surprisingly discovered that this is not the case.

[0060] It has been found that sickle cell disease at baseline is associated with high
concentrations of hyperadhesive VWEF, which correlates closely with the rate of hemolysis
(Chen J, et al. The rate of hemolysis in sickle cell disease correlates with the quantity of von
Willebrand factor in the plasma. Blood 2011, 117, 3680-3683; the contents of which are
incorporated herein by reference in their entirety). Thus, VWF represents a therapeutic target
to ameliorate hemolysis in sickle cell disease, either in combination with VAD treatment or
independently of VAD treatment.

[0061]  Along with its role in maintenance of hemostasis (i.e., arresting hemorrhage), VWF
has been implicated in a number of processes in the vasculature, including the vascular
inflammation and smooth muscle cell proliferation. VWF is also known to be a negative
regulator of angiogenesis. As used herein, “angiogenesis” is defined as the formation of new
blood vessels. VWF has been found to act as a “brake” by constraining angiogenesis, through

control of VEGFR2 signaling (Starke RD, et al., Endothelial von Willebrand factor regulates
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angiogenesis. Blood, 2011, 117:1071-80; the contents of which are each incorporated herein
by reference in their entirety).

[0062] Bleeding from the GI tract in VAD patients is known to be caused by angiodysplasia
(Islam S, et al, Left ventricular assist devices and gastrointestinal bleeding: a narrative review
of case reports and case series. Clin Cardiol. 2013, 36:190-200 and Suarez J, Patel CB, Felker
GM, Becker R, Hernandez AF, Rogers JG. Mechanisms of bleeding and approach to patients
with axial-flow left ventricular assist devices. Circ. Heart Fail. 2011 4:779-84 and references
therein; the contents of which are incorporated herein by reference in their entirety).
“Angiodysplasia” as used herein, is defined as vascular malformations in the GI tract which
are associated with dysregulated angiogenesis.

[0063] Without wishing to be bound by theory, systemic depletion of VWF through
proteolysis of VWF multimers caused by exposure to the hemodynamic shear forces may lead
to a reduction of VWF in the vascular endothelium of the GI tract and result in angiodysplasia
in VAD patients. Thus, through its roles in maintaining hemostasis and/or constraining
angiogenesis, functional VWF may be critical to maintaining healthy vascular endothelium in
the GI tract.

[0064] The present invention provides VWF agents compositions and methods which
prevent depletion of VWF in the vascular endothelium. In some embodiments, these
compositions prevent formation of vascular malformations in the GI tract and GI bleeding in
VAD patients. In head-to-head studies described herein, the inventors demonstrate that
protection of VWF multimers is provided by an aptamer distinct from those in the art.

[0065] It is known that interactions between platelet glycoprotein IIb/I1la (GplIb/Illa) and
plasma proteins mediate platelet cross-linking in arterial thrombi. However, past studies show
that GplIb/IlIa inhibitors do not significantly impact the patency of pre-occluded arteries,
failing to disperse platelet aggregates after myocardial infarction or ischemic stroke (Mehilli J,
et al., Abciximab in patients with acute ST-segment- elevation myocardial infarction
undergoing primary percutaneous coronary intervention after clopidogrel loading: a
randomized double-blind trial. Circulation. 2009;119(14):1933-1940, Kleinschnitz C, et al.,
Targeting platelets in acute experimental stroke: impact of glycoprotein 1b, VI, and I1b/I1la
blockade on infarct size, functional outcome, and intracranial bleeding. Circulation.
2007;115(17):2323-2330;, Adams HP Jr, et al; AbESTT-II Investigators, Emergency
administration of abciximab for treatment of patients with acute ischemic stroke: results of an
international phase 111 trial: Abciximab in Emergency Treatment of Stroke Trial (AbESTT-1I).
Stroke. 2008;39(1):87-99; Kellert L, et al., Endovascular stroke therapy: tirofiban is
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associated with risk of fatal intracerebral hemorrhage and poor outcome. Stroke. 2013; 44(5):
1453-1455; the contents of which each are incorporated herein by reference in their entirety.
[0066] On the other hand, studies have demonstrated that blockade of the interaction
between Gplba and VWF leads to reperfusion after photothrombosis-induced stroke in guinea
pigs (whereas Gpllb/IIla inhibitors are ineffective). Momi S, et al., Reperfusion of cerebral
artery thrombosis by the GPIb-VWF' blockade with the Nanobody ALX-0081 reduces brain
infarct size in guinea pigs. Blood. 2013;121(25):5088-5097; the contents of which are
incorporated herein by reference in their entirety. Likewise, additional studies have shown the
beneficial effect of Gplba-VWF targeting through inhibition of the post-reperfusion thrombo-
inflammatory reaction in transient mechanical stroke models. Kleinschnitz C, et al.,
Deficiency of von Willebrand factor protects mice from ischemic stroke. Blood.
2009;113(15):3600-3603; Pham M, et al., Sustained reperfusion afier blockade of
glycoprotein-receptor-Ib in focal cerebral ischemia: an MRI study at 17.6 Tesla. PLoS One.
2011;6(4):e18386; Stoll G, et al., The role of glycoprotein Ibalpha and von Willebrand factor
interaction in stroke development. Hamostaseologie. 2010;30(3):136-138; Kleinschnitz C, et
al., Targeting platelets in acute experimental stroke: impact of glycoprotein Ib, VI, and
11b/111a blockade on infarct size, functional outcome, and intracranial bleeding. Circulation.
2007;115 (17):2323-2330; the contents of which each are incorporated herein by reference in
their entirety.
[0067] Recently, computational fluid dynamic (CFD) simulations of the blood flow in the
middle cerebral artery at different stages of development, as well as in vivo thrombotic stroke
models have demonstrated that platelet cross-linking during closure of the vessel lumen is
dependent on Gplba-VWF interactions and that disruption of Gplba-VWF interactions
restores vessel patency by specifically disaggregating the external layer of occlusive thrombi,
which contains platelet aggregates formed under very high shear rates (10,000 s or greater).
Le Behot A, et al., Gplba-VWI blockade restores vessel patency by dissolving platelet
aggregates formed under very high shear rate in mice. Blood, 2013: Feb 19, 2014; DOI
10.1182/blood-2013-12-543074; the contents of which are incorporated herein by reference in
their entirety.
[0068] It has been further demonstrated that occlusive thrombus formation occurs in three
distinct stages of development, in which each stage is subjected to different local shear rates
and regulated by different mechanisms, resulting in three different regions of occlusive
thrombi as follows: (1) the base of the thrombus that is exposed to shear rates below 1,500 st
throughout the entire thrombotic process (fibrin); (2) the core of the thrombus, corresponding
to the portion of the thrombus formed during the first steps of development (0% to <50%
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occlusive thrombus formation) at shear rates between about 1500 s and about 10,000 s (see
Fig. 4A); and (3) the external layer of the thrombus, which is formed during the last step(s) of
thrombus formation (>50% to 100% occlusive thrombus formation) at very high shear rates
(10,000 s™! or greater) (see Fig. 4B) and is responsible for vessel lumen closure (see Fig. 4C).
The core of the thrombus is primarily made up of platelets cross-linked by Gpllb/IIla-
dependent interactions, whereas formation of the external layer of the thrombus is dependent
upon Gplba-VWF interactions. Le Behot A, et al., Blood, 2013: Feb 19, 2014; DOI
10.1182/blood-2013-12-543074.

[0069]  Shear-dependent thrombogenesis caused by Gplba-VWF interactions occurs in
stenotic coronary arteries or ruptured atherosclerotic plaque lesions (Sadler JE. Biochemistry
and genetics of von Willebrand factor. Annu Rev Biochem. 1998;67:395-424; the contents of
which are incorporated herein by reference in their entirety). VWF levels are also heightened
in patients, who experienced adverse cardiac events that are linked to a poorer prognosis
(Collet JP, et al., Acute release of plasminogen activator inhibitor-1 in ST-segment elevation
myocardial infarction predicts mortality. Circulation. 2003;108:391-394; Fuchs I, et al.,
Platelet function in patients with acute coronary syndrome (ACS) predicts recurrent ACS. J
Thromb Haemost. 2006;4:2547-2552; Thompson SG, et al., Hemostatic factors and the risk of
myocardial infarction or sudden death in patients with angina pectoris. European Concerted
Action on Thrombosis and Disabilities Angina Pectoris Study Group. N Engl J Med.
1995;332:635—-641; the contents of which each are incorporated herein by reference in their
entirety). Conventional therapy of myocardial infarction reduces platelet activation and
aggregation, but mostly addresses receptors and targets other than VWF. Targeting the initial
adhesion steps, by antagonizing either Gplb or collagen binding might be very powerful in the
development of antiplatelet drugs, especially since little redundancy for these interactions can
be found. Furthermore, due to the specific requirement of the Gplb-VWEF interaction in high
shear conditions, the arterial side can be targeted without interfering with the venous system,
therefore probably reducing the risk of bleeding problems, which is the most prominent side-
effect of currently used antiplatelet drugs. In addition, drugs that interfere with platelet
adhesion would have the extra advantage of reducing platelet activation and secretion, which
might even turn out to be beneficial in the prevention of restenosis (De Meyer SF, et al.,
Antiplatelet drugs. British Journal of Haematology, 142, 515-528,; the contents of which are
incorporated herein by reference in their entirety).

[0070]  The present disclosure provides VWF agents, compositions and methods which
disaggregate occlusive thrombi formed under very high shear rates, such as shear rates found

in pre-occluded vessels or in VAD treatment. In particular, the VWF agents dissolve occlusive
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thrombi containing platelet aggregates formed under shear rates of 10,000 st or greater, i.e.,
those found in the external layer of the occlusive thrombus. These agents and compositions
restore vessel patency in patients having acute occlusion thrombosis or acute coronary
syndrome, including, for example, myocardial infarction and unstable angina. In other
embodiments, the agents and compositions restore vessel patency in patients who have
suffered an ischemic stroke. In other embodiments, the agents and compositions restore vessel
patency in VAD patients. In other embodiments, the agents and compositions disaggregate
one or more thrombi in the VAD instrument.

[0071] The present disclosure also provides VWF agents, compositions and methods which
slow the development of occlusive thrombi formed under very high shear rates, such as shear
rates found in pre-occluded vessels or in VAD treatment. In particular, the VWF agents slow
the development of occlusive thrombi containing platelet aggregates formed under shear rates
of 10,000 s™! or greater, i.e., those found in the external layer of occlusive thrombi. In other
embodiments, the agents and compositions slow the development of thrombi in the VAD
instrument.

[0072] The present disclosure also provides VWF agents, compositions and methods for
decreasing the rate of vessel occlusion in a subject having one or more vessel(s) that are at
least 50% occluded with one or more occlusive thrombi, the method comprising contacting the
subject with a VWF protective agent such that the rate of vessel occlusion is decreased relative
to the rate of vessel occlusion in an untreated vessel that is at least 50% occluded.

[0073] In additional embodiments, the VWF agents, compositions and methods of the
present disclosure may be useful for treating or preventing an orphan disease or indication
associated with VWF, such as, but not limited to, severe and/or cerebral malaria, and Heyde’s
Syndrome.

[0074]  Severe malaria is a life-threatening condition of Plasmodium falciparum infection
where the infection is complicated with serious failure of the body’s major organs. Sometimes
severe malaria is associated with coma and is known as cerebral malaria. Elevated levels of
VWEF, VWF propeptide (markers of chronic and acute endothelial cell activation,
respectively), and activated VWF have been identified in the plasma of patients with cerebral
malaria (Hollestelle MJ, et al., von Willebrand factor propeptide in malaria: evidence of acute
endothelial cell activation. Br ] Haematol. 2006;133(5):562-9; de Mast Q, et al.,
Thrombocytopenia and release of activated von Willebrand Factor during early Plasmodium
Jalciparum malaria. J Infect Dis. 2007;196(4):622-8; the contents of which each are
incorporated herein by reference in their entirety). This is supported by additional studies

revealing that severe malaria is also associated with a deficiency of the VWF cleaving
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protease, ADAMTSI13, and an accumulation of hyperreactive ultra-large VWF multimers (de
Mast Q, et al. ADAMTS 13 deficiency with elevated levels of ultra-large and active von
Willebrand factor in P. falciparum and P. vivax malaria. Am J Trop Med Hyg.
2009;80(3):492-8; Larkin D, et al. Severe Plasmodium falciparum malaria is associated with
circulating ultra-large von Willebrand multimers and ADAMTS1 3 inhibition. PLoS Pathog.
2009;5(3):€1000349; Lowenberg EC, et al. Severe malaria is associated with a deficiency of
von Willebrand factor cleaving protease, ADAMTS13. Thromb Haemost. 2010;103(1):181-7;
the contents of which each are incorporated herein by reference in their entirety). A recent
study further demonstrated that VWF plays an active role in modulating malaria pathogenesis,
possibly by sequestering platelets, recruiting malaria-infected red blood cells, inducing
increased endothelial cell permeability, and eventually causing central nervous system (CNS)
thrombosis (O'Regan N, et al. A4 novel role for von Willebrand factor in the pathogenesis of
experimental cerebral malaria. Blood. 2016;127(9):1192-201;, Montgomery, R.R., The heads
and the tails of malaria and VWF. Blood, 2016. 127(9): p. 1081-2; the contents of which each
are incorporated herein by reference in their entirety). In light of these findings, the present
inventors anticipate that disruption the interaction of VWF with platelets using the VWF
agents of the present invention may prevent thrombus formation or disaggregate platelet-rich
thrombi in cerebral malaria.

[0075] Heyde’s Syndrome is a syndrome of gastrointestinal bleeding from angiodysplasia
in the presence of aortic stenosis. Loss of high-molecular-weight multimers of VWF has been
identified as a link between GI bleeding and aortic stenosis (Warkentin TE, et al. Aortic
stenosis and bleeding gastrointestinal angiodysplasia: is acquired von Willebrand's disease
the link? Lancet. 1992;340(8810):35-7), and has been reported to be present in 67-92% of
patients with severe aortic stenosis (Vincentelli A, et al. Acquired von Willebrand syndrome in
aortic stenosis. N Engl J Med. 2003 Jul 24;349(4):343-9; the contents of which are
incorporated herein by reference in their entirety). Moreover, VWF activity is significantly
correlated with the severity of stenosis and the rate of bleeding (Blackshear JL, et al. /ndexes
of von Willebrand factor as biomarkers of aortic stenosis severity (from the Biomarkers of
Aortic Stenosis Severity [BASS] study). Am J Cardiol. 2013;111(3):374-81; the contents of
which are incorporated herein by reference in their entirety). It is thought that high shear stress
caused by valve obstruction leads to changes in the structure of VWF multimers, increasing
their proteolysis by the protease ADAMTSI13 (Vaz A, et al. Heyde syndrome--the link between
aortic stenosis and gastrointestinal bleeding. Rev Port Cardiol. 2010 Feb;29(2):309-14;
Loscalzo J. From clinical observation to mechanism--Heyde's syndrome. N Engl ] Med.

2012;367(20):1954-6; the contents of which each are incorporated herein by reference in their
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entirety). This is supported by the fact that aortic valve replacement restores the VWF
abnormalities and decreases the rick of GI bleeding. There is also increased interaction
between platelets and VWF with the formation of platelet microaggregates that are associated
with increased degradation and clearance of VWF multimers. According to the present
disclosure, VWF agents described herein can protect the loss of VWF multimers and/or
antagonizes the interaction of VWF with platelets, thereby preventing GI bleeding in patients
with Heyde’s Syndrome.

I. Compositions of the Invention

[0076] Provided herein are compounds, compositions (including pharmaceutical
compositions) and methods for the design, preparation, use and manufacture of compounds
which prevent and/or ameliorate conditions associated with, or side effects of, utilization of
ventricular assist devices (VADs, including left VAD or LVAD) such as LV AD-associated
angiodysplasia, acquired Von Willebrand Syndrome (aVWS), Type 2 VWD and other
cardiovascular and cerebrovascular disorders such as acute coronary syndrome, acute
occlusion thrombosis, stroke, aneurism, and ischemic events, as well as sickle cell disease,
severe and/or cerebral malaria, and Heyde’s Syndrome, either in combination with VAD
treatment or independently of VAD treatment.

[0077] In some embodiments, the VWF protective agent may be used to treat GI bleeding
associated with angiodysplasia. In some embodiments, the VWF protective agent may be used
to treat a VAD patient with GI bleeding.

[0078]  As such, the compounds and/or compositions of the invention interact with or bind
to VWF monomers or multimers in a way that preserves, protects or prevents the loss,
reduction or destruction of VWF multimers and/or antagonizes the interaction of VWF
multimers with erythrocytes such as sickle cells for example. The compounds and/or
compositions can also antagonize the interaction of VWF monomers and/or multimers with
platelets such that occlusive thrombi in pre-occluded vessels are disaggregated. As used
herein, such protective compounds or compositions are referred to as “VWF multimer
protective agents” or “VWF protective agents.”

[0079] In some embodiments, the VWF protective agent may interact with or bind to VWF
monomers or multimers in a way that preserves, protects or prevents the loss, reduction or
destruction of VWF multimers to restore VWF mediated constraint on angiogenesis in
vascular endothelial cells and prevent neovascularization in a VAD patient.

[0080] In other embodiments, the VWF protective agent can be used to restore vessel
patency in a subject having one or more pre-occluded vessels, such as subjects with acute

occlusion thrombosis or acute coronary syndrome, including, for example, myocardial
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infarction and unstable angina, or ischemic stroke. Under these conditions, the compounds
and/or compositions interact with or bind to VWF in a way that antagonizes the interaction of
VWEF with platelets such that occlusive thrombi in pre-occluded vessels (vessels that are at
least 50% occluded) are disaggregated. In certain embodiments, the VWF protective agent
disaggregates the external layer of the occlusive thrombi. In certain embodiments, the
occlusive thrombi that are disaggregated are formed under conditions of shear rates of 10,000
s or greater (that is, the occlusive thrombi contain platelet aggregates formed under very high
shear rates of 10,000 s or greater). In some embodiments, the occlusive thrombi are resistant
to fibrinolysis and/or antithrombotic agents. In other embodiments, the VWF protective agents
can be used to restore vessel patency in a subject undergoing VAD treatment.

[0081] In further embodiments, the VWF protective agent can be used to decrease the rate
of vessel occlusion in a subject comprising contacting said subject with a VWF protective
agent such that the rate of vessel occlusion is decreased relative to the rate of vessel occlusion
in an untreated vessel. In other embodiments, the VWF protective agents can be used to
decrease the rate of vessel occlusion in a subject undergoing VAD treatment.

[0082]  As used herein, the term “occlusive thrombus™ or “occlusive thrombi” refers to a
thrombus or thrombi containing platelet aggregates formed under very high shear rates (10,000
st or greater). Such occlusive thrombus or thrombi are formed during the closure of the vessel
lumen, i.e., when the lumen is at least 50% occluded. As used herein, the term “pre-occluded
vessel(s)” or “occluded vessel(s)” refers to a vessel(s) that is at least 50% occluded and can
include fully occluded vessel(s). The term “fully occluded vessel(s)” refers to a vessel(s) that
1s 100% occluded or, in other words, a vessel with a closed lumen.

[0083]  Asused herein, the term “thrombotic disorder” refers to any disease or disorder
characterized by abnormal thrombus formation. In one embodiment, the abnormal thrombus
formation characterizing the disorder is the formation of one or more occlusive thrombi. Non-
limiting examples of thrombotic disorders include von Willebrand’s Disease, ischemic stroke,
acute coronary syndrome, myocardial infarction, transient ischemic attack, thrombotic
thrombocytopenic purpura, and thrombotic microangiopathies. A thrombotic disorder may
occur either in combination with VAD treatment or independently of VAD treatment. In one
embodiment, the thrombotic disorder is ischemic stroke.

[0084] In additional embodiments, the VWF protective agent can be used to treat an orphan
disease associated with VWF abnormality, such as, but not limited to, severe and/or cerebral

malaria, and Heyde’s Syndrome.
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[0085] In one embodiment, the VWF protective agent can be used to antagonize the
interaction of VWF with platelets in a subject with severe and/or cerebral malaria such that the
CNS thrombus formation is prevented or reduced.

[0086] In another embodiment, the VWF protective agent can be used to treat GI bleeding
associated with Heyde’s Syndrome. The VWF protective agent may prevent or reduce the loss
of VWF multimers and/or antagonize the interaction of VWF with platelets, thereby
preventing the GI bleeding in the subject with Heyde’s Syndrome.

VWEF Protective Agents: Aptamers

[0087] In some embodiments, the VWF protective agents of the invention comprise an
aptamer.

[0088]  As used herein, an “aptamer” is a biomolecule that binds to a specific target
molecule and modulates the target’s activity, structure, or function. An aptamer of the present
invention may be nucleic acid or amino acid based. Nucleic acid aptamers have specific
binding affinity to molecules through interactions other than classic Watson-Crick base
pairing. Nucleic acid aptamers, like peptides generated by phage display or monoclonal
antibodies (mAbs), are capable of specifically binding to selected targets and, through binding,
block their targets’ ability to function. In some cases, aptamers may also be peptide aptamers.
As used herein, an “aptamer” specifically refers to either a nucleic acid aptamer or peptide
aptamer.

[0089]  Aptamers, often called “chemical antibodies,” have similar characteristics as
antibodies. A typical nucleic acid aptamer is approximately 10-15 kDa in size (20-45
nucleotides), binds its target with sub-nanomolar affinity, and discriminates against closely
related targets.

[0090] Aptamers may be either monovalent or multivalent. Aptamers may be monomeric,
dimeric, trimeric, tetrameric or other higher multimeric. Individual aptamer monomers may be
linked to form multimeric aptamer fusion molecules. As a non-limiting example, a linking
oligonucleotide (i.e., linker) may be designed to contain sequences complementary to both 5’-
arm and 3’-arm regions of random aptamers to form dimeric aptamers. For trimeric or
tetrameric aptamers, a small trimeric or tetrameric (i.e., a Holliday junction-like) DNA
nanostructure will be engineered to include sequences complementary to the 3’-arm region of
the random aptamers, therefore creating multimeric aptamer fusion through hybridization. In
addition, 3 to 5 or 5 to 10 dT rich nucleotides can be engineered into the linker polynucleotides
as a single stranded region between the aptamer-binding motifs, which offers flexibility and

freedom of multiple aptamers to coordinate and synergize multivalent interactions with
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cellular ligands or receptors. Alternatively, multimeric aptamers can also be formed by mixing
biotinylated aptamers with streptavidin.

[0091]  Asused herein, the term “multimeric aptamer” or “multivalent aptamer” refers to an
aptamer that comprises multiple monomeric units, wherein each of the monomeric units can be
an aptamer on its own. Multivalent aptamers have multivalent binding characteristics. A
multimeric aptamer can be a homomultimer or a heteromultimer. The term “homomultimer”
refers to a multimeric aptamer that comprises multiple binding units of the same kind, i.e.,
each unit binds to the same binding site of the same target molecule. The term
“heteromultimer” refers to a multimeric aptamer that comprises multiple binding units of
different kinds, i.e., each binding unit binds to a different binding site of the same target
molecule, or each binding unit binds to a binding site on different target molecule. Thus, a
heteromultimer can refer to a multimeric aptamer that binds to one target molecule at different
binding sites or a multimeric aptamer that binds to different target molecules. A
heteromultimer that binds to different target molecules can also be referred to as a multi-
specific multimer.

[0092] Nucleic acid aptamers comprise a series of linked nucleosides or nucleotides.

[0093] The term “nucleic acid”, in its broadest sense, includes any compound and/or
substance that comprise a polymer of nucleotides. These polymers are often referred to as
polynucleotides. Exemplary nucleic acid molecules or polynucleotides of the invention
include, but are not limited to, ribonucleic acids (RNAs), deoxyribonucleic acids (DNAs),
threose nucleic acids (TNAs), glycol nucleic acids (GNAs), peptide nucleic acids (PNAs),
locked nucleic acids (LNAs, including LNA having a B-D-ribo configuration, a-LNA having
an a-L-ribo configuration (a diastereomer of LNA), 2’-amino-LNA having a 2’-amino
functionalization, and 2’-amino- a-LNA having a 2’-amino functionalization) or hybrids
thereof.

[0094] The skilled artisan will recognize that the term “RNA molecule” or “ribonucleic
acid molecule” encompasses not only RNA molecules as expressed or found in nature, but
also analogs and derivatives of RNA comprising one or more ribonucleotide/ribonucleoside
analogs or derivatives as described herein or as known in the art. Strictly speaking, a
“ribonucleoside” includes a nucleoside base and a ribose sugar, and a “ribonucleotide” is a
ribonucleoside with one, two or three phosphate moieties. However, the terms
“ribonucleoside” and “ribonucleotide” can be considered to be equivalent as used herein. The
RNA can be modified in the nucleobase structure, the ribofuranosyl ring or in the ribose-

phosphate backbone.
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[0095] Nucleic acid aptamers may be ribonucleic acid, deoxyribonucleic acid, or mixed
ribonucleic acid and deoxyribonucleic acid. Aptamers may be single stranded ribonucleic acid,
deoxyribonucleic acid or mixed ribonucleic acid and deoxyribonucleic acid.

[0096] In one embodiment, the VWF protective agent may be an aptamer or salt thereof.
[0097] In one embodiment, the VWF protective agent may be an aptamer or salt thereof
which may comprise synthetic polynucleotides. The synthetic polynucleotides may comprise
at least 21 contiguous nucleotides of SEQ ID NO: 1. Additionally, the synthetic
polynucleotides may exhibit a double stranded region having at least 6 base pairs. While not
wishing to be bound by theory, shorter double stranded regions of 5 base pairs or less may lead
to the unraveling of the stem-loop structure at higher temperatures and the associated loss of
affinity and functionality of the protective agents.

[0098] In one embodiment, the VWF protective agent may be an aptamer or salt thereof
which may comprise synthetic polynucleotides, where the synthetic polynucleotides comprise
at least 21 contiguous nucleotides of SEQ ID NO: 1, and where the synthetic polynucleotides
comprise a double stranded region having at least 6 base pairs. While not wishing to be bound
by theory, VWF protective agents having a double stranded region of at least 6 base pairs may
have greater thermostability at higher temperatures. This increased thermostability at higher
temperatures may provide a greater affinity for VWF and increased functionality as compared
to protective agents which a shorter double stranded region of 5 base pairs or less.

[0099] In one embodiment, the double stranded region of 6 or more base pairs is at or near
(e.g., within 1-10 nucleotides) the termini of the synthetic polynucleotide.

[0100] In some embodiments, nucleic acid aptamers comprise at least one chemical
modification. Modifications may be used to increase the stability of an aptamer, e.g., by
increasing its resistance to degradation by ribonucleases (RNases) present in a cell, thereby
causing its half-life in the cell to be increased. Modifications may also or alternatively be used
to decrease the likelihood or degree to which aptamer introduced into cells elicit innate
immune responses. Such responses, which have been well characterized in the context of RNA
interference (RNA1), including small-interfering RNAs (siRNAs), as described in the art, tend
to be associated with reduced half-life of the RNA and/or the elicitation of cytokines or other
factors associated with immune responses.

[0101] Potential modifications include, but are not limited to, for example, (a) end
modifications, e.g., 5° end modifications (phosphorylation, dephosphorylation, conjugation,
inverted linkages, etc.), 3” end modifications (conjugation, DNA nucleotides, inverted
linkages, etc.), (b) sugar modifications (e.g., at the 2’ position or 4’ position) or replacement of

the sugar, (c) base modifications, e.g., replacement with modified bases, stabilizing bases,
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destabilizing bases, or bases that base pair with an expanded repertoire of partners, or
conjugated bases, as well as (d) internucleoside linkage modifications, including modification
or replacement of the phosphodiester linkages. Specific examples of modified aptamer
compositions useful with the methods described herein include, but are not limited to, nucleic
acid molecules containing modified or non-natural internucleoside linkages. Modified aptamer
having modified internucleoside linkages include, among others, those that do not have a
phosphorous atom in the internucleoside linkage. In other embodiments, modified aptamer has
a phosphorus atom in its internucleoside linkage(s).

[0102] In some embodiments, the chemical modification is selected from a chemical
substitution of the nucleic acid at a sugar position, a chemical substitution at a phosphate
position and a chemical substitution at a base position. In other embodiments, the chemical
modification is selected from incorporation of a modified nucleotide; 3’ capping; 5° capping;
conjugation to a high molecular weight, non-immunogenic compound; conjugation to a
lipophilic compound; and incorporation of phosphorothioate into the phosphate backbone.
[0103] In one embodiment, each nucleotide of the nucleic acid aptamers may contain at
least one chemical modification. Such chemical modification may be at the sugar, nucleobase
or internucleoside linker of the synthetic polynucleotide. Modifications to the sugar may
consist of a 2 O-methyl modification.

[0104] According to the nucleic acid aptamers provided by the present disclosure, terminal
cap structures may also be incorporated to the 3” and/or 5° termini. Such structures include, but
are not limited to, at least one inverted deoxythymidine or amino group (NH2).

[0105] In one embodiment, the 3’ cap is an inverted deoxythymidine cap.

[0106] In another embodiment, the 3 cap is an amino group (NH2).

[0107] In one embodiment, the 5° cap is an inverted deoxythymidine cap.

[0108] In another embodiment, the 5° cap is an amino group (NH2).

[0109] In one embodiment, VWF protective agents of the present invention may be
modified by any number of conjugates. As a non-limiting example, the conjugates may be
high molecular weight non-immunogenic compounds.

[0110] In one embodiment, the high molecular weight, non-immunogenic compound is
polyalkylene glycol, and more preferably is polyethylene glycol (PEG).

[0111] In some embodiments, a PEG moiety is conjugated to the 5’ terminus of the nucleic
acid aptamer.

[0112] In some embodiments, a PEG moiety is conjugated to the 3 terminus of the nucleic

acid aptamer.
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[0113] Asnon-limiting examples, a nucleic acid aptamer can also include at least one
modified ribonucleoside including but not limited to a 2’-O-methyl modified nucleoside, a
nucleoside comprising a 5° phosphorothioate group, a terminal nucleoside linked to a
cholesteryl derivative or dodecanoic acid bisdecylamide group, a locked nucleoside (e.g., B-D-
ribo configuration, a-LNA having an a-L-ribo configuration (a diastereomer of LNA), 2°-
amino-LNA having a 2’-amino functionalization, and 2’-amino-a-LNA having a 2’-amino
functionalization), an abasic nucleoside, an inverted deoxynucleoside or inverted
ribonucleoside, a 2’-deoxy-2’-fluoro modified nucleoside, a 2’-amino-modified nucleoside, a
2’-alkyl-modified nucleoside, a 2’-O-alkyl-modified nucleoside, a 2’-O-alkyl-O-alkyl-modified
nucleoside, a 2’-fluoro-modified nucleoside, a 2’-fluoro-modified nucleoside, morpholino
nucleoside, a phosphoramidate or a non-natural base comprising nucleoside, or any
combination thereof. Alternatively, a nucleic acid aptamer can comprise at least two modified
ribonucleosides, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least
10, at least 15, at least 20 or more, up to the entire length of the molecule. The modifications
need not be the same for each of such a plurality of modified deoxy- or ribonucleosides in a
nucleic acid molecule.

[0114] Nucleic acid aptamers described herein may also contain one of the following at the
2’ position: H (deoxyribose); OH (ribose); F; O-, S-, or N-alkyl; O-, S-, or N-alkenyl; O-, S- or
N-alkynyl; or O-alkyl-O-alkyl, wherein the alkyl, alkenyl and alkynyl can be substituted or
unsubstituted C1 to C10 alkyl or C2 to C10 alkenyl and alkynyl. Exemplary modifications
include O[(CH2)nOlmCH3, O(CH2)nOCHs, O(CH2)nNH2, O(CH2)sCHs, O(CH2)nONHz2, and
O(CH2)nON[(CH2)nCH3)]2, where n and m are from 1 to about 10. In some embodiments,
nucleic acid aptamers include one of the following at the 2” position: C1 to C10 lower alkyl,
substituted lower alkyl, alkaryl, aralkyl, O-alkaryl or O-aralkyl, SH, SCH3, OCN, CI, Br, CN,
CF3, OCF3, SOCH3, SO2CHs, ONO2, NO2, N3, NH», heterocycloalkyl, heterocycloalkaryl,
aminoalkylamino, polyalkylamino, substituted silyl, a reporter group, an intercalator, a group
for improving the pharmacokinetic properties of an aptamer, or a group for improving the
pharmacodynamic properties of a nucleic acid aptamer, and other substituents having similar
properties. In some embodiments, the modification includes a 2> methoxyethoxy (2°-O-
CH2CH20OCHS3, also known as 2’°-O-(2-methoxyethyl) or 2°-MOE) (Martin et al., Helv. Chim.
Acta, 1995, 78:486-504) i.e., an alkoxy-alkoxy group. Another exemplary modification is 2’-
dimethylaminooxyethoxy, i.e., a O(CH2)>ON(CHz3)2 group, also known as 2°-DMAOE, and
2’-dimethylaminoethoxyethoxy (also known in the art as 2’-O-dimethylaminoethoxyethyl or
2’-DMAEOE), i.e., 2’-O-CH2-O-CH2-N(CHa2)a.
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[0115]  Similar modifications may also be made at other positions on the aptamer,
particularly the 3’ position of the sugar on the 3’ terminal nucleotide and the 5’ position of 5’
terminal nucleotide. Aptamers may also have sugar mimetics, such as cyclobutyls in place of
the pentofuranosyl group. Representative U.S. patents that teach the preparation of such
modified sugar structures include, but are not limited to, U.S. Pat. Nos. 4,981,957, 5,118,800,
5.319,080; 5,359,044; 5,393.878; 5,446,137; 5,466,786; 5,514,785; 5,519,134; 5,567,811;
5.576,427: 5,591,722; 5,597,909; 5,610,300; 5,627,053; 5,639,873; 5,646,265; 5,658,873:
5,670,633; and 5,700,920, certain of which are commonly owned with the instant application,
and each of which is herein incorporated by reference in its entirety.

[0116] VWF protective agents which are nucleic acid based may include nucleobase (often
referred to in the art simply as “base”) modifications or substitutions. As used herein,
“unmodified” or “natural” nucleobases include the purine bases adenine (A) and guanine (G),
and the pyrimidine bases thymine (T), cytosine (C) and uracil (U). Modified nucleobases
include other synthetic and natural nucleobases such as 5-methylcytosine (5-me-C), 5-
hydroxymethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine, 6-methyl and other alkyl
derivatives of adenine and guanine, 2-propyl and other alkyl derivatives of adenine and
guanine, 2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil and cytosine, S5-propynyl
uracil and cytosine, 6-azo uracil, cytosine and thymine, 5-uracil (pseudouracil), 4-thiouracil, 8-
halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl anal other 8-substituted adenines and guanines,
5-halo, particularly 5-bromo, 5-trifluoromethyl and other 5-substituted uracils and cytosines,
7-methylguanine and 7-methyladenine, 8-azaguanine and 8-azaadenine, 7-deazaguanine and
7-daazaadenine and 3-deazaguanine and 3-deazaadenine. Further nucleobases include those
disclosed in U.S. Pat. No. 3,687,808, those disclosed in Modified Nucleosides in
Biochemistry, Biotechnology and Medicine, Herdewijn, P. ed. Wiley-VCH, 2008; those
disclosed in The Concise Encyclopedia Of Polymer Science And Engineering, pages 858-859,
Kroschwitz, J. L, ed. John Wiley & Sons, 1990, these disclosed by Englisch et al.,
Angewandte Chemie, International Edition, 1991, 30, 613, and those disclosed by Sanghvi, Y
S., Chapter 15, dsRNA Research and Applications, pages 289-302, Crooke, S. T. and Lebleu,
B., Ed., CRC Press, 1993; the contents of which each are incorporated herein by reference in
their entirety.

[0117] A number of nucleotide and nucleoside modifications have been shown to make the
oligonucleotide into which they are incorporated more resistant to nuclease digestion than the
native oligonucleotide; these modified oligos survive intact for a longer time than unmodified
oligonucleotides. Specific examples of modified oligonucleotides include those comprising

modified backbones, for example, phosphorothioates, phosphotriesters, methyl phosphonates,
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short chain alkyl or cycloalkyl intersugar linkages or short chain heteroatomic or heterocyclic
intersugar linkages. Some oligonucleotides are oligonucleotides with phosphorothioate
backbones and those with heteroatom backbones, particularly CH2-NH-O-CHz, CH2-N(CH3)-
O-CH2 (known as a methylene(methylimino) or MMI backbone), CH2-O-N (CH3)-CHz, CHz -
N(CHs3)-N(CH3)-CHz2 and O-N(CHs3)-CH2-CH:2 backbones (wherein the native phosphodiester
backbone is represented as O-P-O-CH>2-), amide backbones [see De Mesmaeker et al., Ace.
Chem. Res., 28:366-374 (1995); which is incorporated by reference in its entirety];
morpholino backbone structures (see Summerton and Weller, U.S. Pat. No. 5,034,506);
peptide nucleic acid (PNA) backbone (wherein the phosphodiester backbone of the
oligonucleotide is replaced with a polyamide backbone, the nucleotides being bound directly
or indirectly to the aza nitrogen atoms of the polyamide backbone, see Nielsen et al., Science
1991, 254, 1497, which is incorporated by reference in its entirety). Phosphorus-containing
linkages include, but are not limited to, phosphorothioates, chiral phosphorothioates,
phosphorodithioates, phosphotriesters, aminoalkylphosphotriesters, methyl and other alkyl
phosphonates comprising 3’alkylene phosphonates and chiral phosphonates, phosphinates,
phosphoramidates comprising 3’-amino phosphoramidate and aminoalkylphosphoramidates,
thionophosphoramidates, thionoalkylphosphonates, thionoalkylphosphotriesters, and
boranophosphates having normal 3°-5” linkages, 2°-5” linked analogs of these, and those
having inverted polarity wherein the adjacent pairs of nucleoside units are linked 3°-5 to 5°-3°
or 2°-5> to 5°-2”; see US Patent Nos. 3,687,808; 4,469.863; 4,476 301; 5,023,243; 5,177,196
5.188,897; 5.264.423; 5.276.019; 5,278,302; 5,286,717; 5,321,131; 5,399,676; 5,405,939;
5.453.496; 5,455,233; 5,466,677, 5,476,925: 5.519,126; 5,536,821; 5,541,306; 5,550,111;
5,563,253; 5,571,799, 5,587,361, and 5,625,050; the contents of which each are incorporated
herein by reference in their entirety.

[0118] Morpholino-based oligomeric compounds are described in Braasch and David
Corey, Biochemistry, 41(14): 4503-4510 (2002); Genesis, Volume 30, Issue 3, (2001);
Heasman, Dev. Biol., 243: 209-214 (2002), Nasevicius et al., Nat. Genet., 26:216-220 (2000);
Lacerra et al., Proc. Natl. Acad. Sci., 97: 9591-9596 (2000); and U.S. Pat. No. 5,034,506,
issued Jul. 23, 1991, each of which is incorporated by reference in its entirety.

[0119] Cyclohexenyl nucleic acid oligonucleotide mimetics are described in Wang et al., J.
Am. Chem. Soc., 122: 8595-8602 (2000), which is hereby incorporated by reference in its
entirety. Modified oligonucleotide backbones that do not include a phosphorus atom therein
have backbones that are formed by short chain alkyl or cycloalkyl internucleoside linkages,
mixed heteroatom and alkyl or cycloalkyl internucleoside linkages, or one or more short chain

heteroatomic or heterocyclic internucleoside linkages. These comprise those having

27



WO 2018/213697 PCT/US2018/033376
morpholino linkages (formed in part from the sugar portion of a nucleoside); siloxane
backbones; sulfide, sulfoxide and sulfone backbones; formacetyl and thioformacetyl
backbones; methylene formacetyl and thioformacetyl backbones; alkene containing
backbones; sulfamate backbones; methyleneimino and methylenehydrazino backbones;
sulfonate and sulfonamide backbones; amide backbones; and others having mixed N, O, S,
and CH2 component parts; see US Patent Nos. 5,034,506; 5,166,315; 5,185,444; 5,214,134,
5216,141; 5,235,033; 5,264,562; 5.264,564; 5.405,938; 5,434,257; 5,466,677; 5,470,967;
5,489,677 5,541,307; 5,561,225; 5,596,086; 5,602,240; 5,610,289; 5,602,240; 5,608,046;
5.610,289; 5.618,704; 5,623,070; 5,663,312; 5,633,360; 5,677,437, and 5,677,439, each of
which is incorporated by reference in its entirety.

[0120] In some embodiments, nucleic acid aptamers are provided in which the P(O)O
group is replaced by P(O)S (“thioate™), P(S)S (“dithioate”), P(O)NR, (“amidate”), P(O)R,
P(O)OR’, CO or CH, (“formacetal”) or 3’-amine (—NH—CH,—CH,—), wherein each R or
R’ is independently H or substituted or unsubstituted alkyl. Linkage groups can be attached to
adjacent nucleotide through an —O—, —N—, or —S— linkage. Not all linkages in the
nucleic acid aptamers are required to be identical.

[0121]  Additional modifications which may be useful in the nucleic acid aptamers of the
invention include those taught in, for example, International Publication PCT/US2012/058519,
the contents of which are incorporated herein by reference in their entirety.

[0122] A suitable nucleotide length for an aptamer ranges from about 15 to about 100
nucleotide (nt), and in various other preferred embodiments, 15-30 nt, 20-25 nt, 30-100 nt, 30-
60 nt, 25-70 nt, 25-60 nt, 40-60 nt, 25-40 nt, 30-40 nt, any of 22, 23, 24, 25, 26, 27, 28, 29, 30,
31,32, 33, 34, 35, 36, 37, 38, 39 or 40 nt or 40-70 nt in length. However, the sequence can be
designed with sufficient flexibility such that it can accommodate interactions of aptamers with
two targets at the distances described herein.

[0123] In some embodiments, the nucleic acid aptamer comprises one or more regions of
double stranded character. Such double stranded regions may arise from internal self-
complementarity or complementarity with a second or further aptamer molecule. In some
embodiments, the double stranded region may be from 4-12, 4-10, 4-8 base pairs in length. In
some embodiments, the double stranded region may be 5,6, 7, 8, 9, 10, 11 or 12 base pairs. In
some embodiments, the double stranded region may form a stem region. Such extended stem
regions having double stranded character can serve to stabilize the nucleic acid aptamer.
Extended stem regions of at least 6 base pairs may contribute to greater thermostability at
higher temperatures and thereby, greater affinity for VWF and increased overall functionality

as compared to shorter stem regions of 5 base pairs or less. Shorter stem regions may lead to
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unraveling of the stem-loop structure at higher temperatures and associated loss of affinity and
overall functionality.

[0124]  As used herein, the term “double stranded character” means that over any length of
two nucleic acid molecules, their sequences form base pairings (standard or nonstandard) of
more than 50 percent of the length. The secondary structure of aptamers described herein may
be confirmed by computational models known in the art that predict nucleic acid folding based
on free energy calculation, such as Mfold.

[0125] Those of ordinary skill in the art will appreciate that the composition of an
oligonucleotide can influence complement activation. For example, the number of
phosphorothioate substitutions is directly related to the relative degree of complement
activation. Thus, in a preferred embodiment, the aptamers used in the pharmaceutical
compositions and formulations and methods provided herein has a nucleotide sequence that
includes no more than four, no more than three, no more than two or no more than one
phosphorothioate backbone modification. In some embodiments, the nucleic acid aptamer
contains no phosphorothioate modifications.

[0126] Aptamers of the present invention may be modified to increase thermostability.
Thermostability of nucleic acid aptamers is an important factor that controls the structure,
hybridization, and functions of aptamers. As non-limiting examples, modifications that may be
used to enhancer aptamer thermostability include 2°-O-Methyl nucleosides, 2° Fluoro
nucleosides, locked nucleic acids (LNAs), 2,6-Diaminopurine (2-Amino-dA), 5S-Methyl dC,
and Super T (5-hydroxybutynl-2’-deoxyuridine). The presence of 2’-O-Methyl nucleosides in
DNA or RNA strands enhances thermostability of the duplexes and the effect is more
prominent in RNA:RNA duplexes than in RNA:DNA duplexes. Modification of the 2°-
deoxyribose with 2’-fluoro enhances the thermostability of the DNA-DNA duplexes by 1.3 °C
per insertion. LNA bases have a modification to the ribose backbone that locks the base in the
C3’-endo position, which favors RNA A-type helix duplex geometry. LNA modification
significantly increases Tm and is also very nuclease resistant.

[0127]  The thermostability of the nucleic acid aptamers is characterized by melting
temperature (Tm) at which half of the DNA or RNA molecules are in a double stranded form,
while the other half of the molecules are represented by single strand form. Tm may be
determined by any method known in the art, such as UV absorbance measurement, circular
dichroism spectroscopy, and thermal measurement. Tm may be influenced by a number of
factors such as aptamer concentration, pH, monovalent cation (Na”, K¥) concentration, or
divalent cation (Mg?") concentration. According to the present invention, aptamers have Tm

greater than 37 °C and maintain intact stem-loop structure in vivo.
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[0128] Aptamers may be further modified to protect the aptamers from nuclease and other
enzymatic activities. The aptamer sequence can be modified by any suitable methods known in
the art. For example, phosphorothioate can be incorporated into the backbone, and 5’-modified
pyrimidine can be included in 5” end of ssDNA for DNA aptamers. For RNA aptamers,
modified nucleotides such as substitutions of the 2°-OH groups of the ribose backbone, e.g.,
with 2’-deoxy-NTP or 2’-fluoro-NTP, can be incorporated into the RNA molecule using T7
RNA polymerase mutants. 2’-O-Methyl nucleosides and LNAs can also contribute to the
resistance to nucleases. The resistance of these modified aptamers to nuclease can be tested by
incubating them with either purified nucleases or nuclease from mouse serum, and the
integrity of aptamers can be analyzed by gel electrophoresis.

[0129] In some embodiments, such modified nucleic acid aptamers may be synthesized
entirely of modified nucleotides, or with a subset of modified nucleotides. The modifications
can be the same or different. All nucleotides may be modified, and all may contain the same
modification. All nucleotides may be modified, but contain different modifications, e.g., all
nucleotides containing the same base may have one type of modification, while nucleotides
containing other bases may have different types of modification. For example, all purine
nucleotides may have one type of modification (or are unmodified), while all pyrimidine
nucleotides have another, different type of modification (or are unmodified). In this way,
oligonucleotides, or libraries of oligonucleotides are generated using any combination of
modifications as disclosed herein.

[0130] In some embodiments, the VWF aptamer is an aptamer or a salt thereof comprising
the sequence, 5’GCCAGGGACCUAAGACACAUGUCCCUGGC-3” (SEQ ID NO: 1).
[0131] In some embodiments, the VWF aptamer is an aptamer or a salt thereof comprising
the structure: NHa-
mGMCmCmAMGMGMGMAMCMCMUMAMAMGMAMCMAMCMAMUMGmMmUmMCmCmC
mUmGmGmC-idT (SEQ ID NO: 2) (BT-100), where “NH” is a 5’-hexylamine linker
phosphoramidite, “idT” is an inverted deoxythymidine, “mN” is a 2’-O-Methyl containing
residue.

[0132] In some embodiments, the VWF aptamer is an aptamer or a salt thereof comprising
the structure: PEG40K-NH-
mGMCmCmAMGMGMGMAMCMCMUMAMAMGMAMCMAMCMAMUMGmMmUmMCmCmC
mUmGmGmC-idT (SEQ ID NO: 3) (BT-200), where “NH” is a 5’-hexylamine linker
phosphoramidite, “idT” is an inverted deoxythymidine, “mN” is a 2’-O-Methyl containing
residue and “PEG” is a polyethylene glycol and PEG40K is a pegylation moiety having a
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molecular weight of approximately 40KDa. It should be understood that the presence of a PEG
moiety is optional but when present, may be of varied size.

[0133] In some embodiments, reversal agents are provided.

[0134] According to the present invention, a “reversal agent” is one which alters, mitigates
or reverses the effect of a VWF protective agent. In some embodiments, the reversal agents
are nucleic acid based. In some embodiments, reversal agents are competitive binding
molecules. In some embodiments, reversal agents bind VWF protective agents. In some
embodiments, reversal agents hybridize with a portion of a VWF protective agent. In the case
of nucleic acid based VWF protective agents such as aptamers, reversal agents may hybridize
with all, a portion, a region of a protective aptamers. Reversal agents may comprise any or all
of the modifications described herein. An example is illustrated in Fig. 2.

[0135] In some embodiments, the reversal agent comprises at least 15 contiguous
nucleotides of the sequence 5’-ACAUGUGUCUUAGGUCCCUGGC-3” (SEQ ID NO: 4). In
some embodiments, the reversal agent comprises at least 12, 13, 14, 15,16, 17, 18, 19, 20 or
21 contiguous nucleotides of SEQ ID NO: 4.

[0136] In some embodiments, the reversal agent comprises at least 12, 13, 14, 15, 16, 17,
18, 19, 20 or 21 contiguous nucleotides which are complementary to or bind to SEQ ID NO: 1.
[0137] In some embodiments, the least 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21 contiguous
nucleotides which are complementary to or bind to SEQ ID NO: 1 may be chemically
modified. In some embodiments, at least one of the nucleotides contains at least one chemical
modification. In some embodiments, each of the nucleotides contains at least one chemical
modification. As a non-limiting example, the chemical modification may be a 2°-O-methyl
modification to a nucleotide sugar. Additionally, least 12, 13, 14, 15, 16, 17, 18, 19, 20 or 21
contiguous nucleotides which are complementary to or bind to SEQ ID NO: 1 may further
comprise a 3” terminal cap. In one embodiment, the 3 terminal cap may be an inverted
deoxythymidine

[0138] In some embodiments, the reversal agent is BT-201 having the sequence

5’ mAMCMAMUmGMUMGMUmMCmUmUmAMGmGmUmMCmCmCmUmGmGmC-idT 3’
(SEQ ID NO: 5), where “idT” is an inverted deoxythymidine, “mN” is a 2’- O-Methyl
containing residue.

[0139] In some embodiments, the VWF aptamer may comprise the sequence PEG40K-NH-
mGMGMGMAMCMCMUMAMAMGMAMCMAMCMAMUmMGmUMCmCmC-idT
(ARC15105) (SEQ ID NO: 6) or PEG20K-NH-
mGmCmGMUJGdCdAMGMUmMGMCmCmUmUmCmGmGmCdCmGsdTmGdCdGdGdTm
GmCdCmUdCACmGmMUICmAMCmGmCidT (ARC1779)(SEQ ID NO:7), where “NH” is a
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5’-hexylamine linker phosphoramidite, “idT” is an inverted deoxythymidine, “mN” is a 2°-O-
Methyl containing residue, “dN” is a deoxynucleotide residue, “sdT” is a phosphorothioate
deoxythymidine residue and “PEG” is a polyethylene glycol and PEG20K is a pegylation
moiety having a molecular weight of approximately 20KDa.

[0140] In some embodiments, the VWF aptamer, when used in methods of treating VAD
disorders, may comprise the sequence PEG40K-NH-
mGMGMGMAMCMCMUMAMAMGMAMCMAMCMAMUmMGmUMCmCmC-idT
(ARC15105)(SEQ ID NO: 6) or PEG20K-NH-
mGmCmGmMUIGdCdAMGmUmGMCmCmUmUmCmGmGmCdCmGsdTmGdCdGdGdTm
GmCdCmUdCACmGmMUICmAMCmGmCidT (ARC1779)(SEQ ID NO:7), where “NH” is a
5’-hexylamine linker phosphoramidite, “idT” is an inverted deoxythymidine, “mN” is a 2°-O-
Methyl containing residue, “dN” is a deoxynucleotide residue, “sdT” is a phosphorothioate
deoxythymidine residue and “PEG” is a polyethylene glycol and PEG20K is a pegylation
moiety having a molecular weight of approximately 20KDa.

[0141] In some embodiments, BT-200 preserves one or more characteristics and/or
properties of BT-100. In other embodiments, BT-200 has one or more improved or altered
characteristics and/or properties compared to BT-100. In one aspect, BT-200 has a longer
plasma half-life than BT-100. In another aspect, BT-200 has a longer duration of action than
BT-100.

[0142] In some embodiments, BT-200 preserves one or more characteristics and/or
properties of ARC15105 or ARC1779. In some embodiments, BT-200 has one or more
improved or altered characteristics and/or properties compared to ARC15105 or ARC1779. In
one aspect, BT-200 has a longer plasma half-life than ARC15105 or ARC1779. In another
aspect, BT-200 has a longer duration of action than ARC15105 or ARC1779. In another
aspect, BT-200 has higher subcutaneous bioavailability. In another aspect, BT-200 has greater
potency compared to ARC15105 or ARC1779 as a VWF protective agent.

Variations of VWF protective agents

[0143] The present invention contemplates several types of VWF protective agents which
are nucleic acid based including variants and derivatives. These include substitutional,
insertional, deletion and covalent variants and derivatives. As such, included within the scope
of this invention are VWF protective agents containing substitutions, insertions and/or
additions, deletions and covalently modifications.

[0144] The term “derivative” is used synonymously with the term “variant” and refers to a
molecule that has been modified or changed in any way relative to a reference molecule or

starting molecule.
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[0145]  The term “polynucleotide variant” refers to molecules which differ in their nucleic
acid sequence from a reference sequence. The nucleic acid sequence variants may possess
substitutions, deletions, and/or insertions at certain positions within the nucleic acid sequence,
as compared to a reference sequence. Ordinarily, variants will possess at least about 50%
identity (homology) to a reference sequence, and preferably, they will be at least about 80%,
more preferably at least about 90% identical (homologous) to a reference sequence.

[0146] In some embodiments “variant mimics” are provided. As used herein, the term
“variant mimic” is one which contains one or more nucleic acids which would mimic a
reference sequence. The nucleic acid sequences of the VWF protective agents of the invention
may comprise naturally occurring nucleic acids. Alternatively, the VWF protective agents may
comprise both naturally and non-naturally occurring nucleic acids.

[0147]  Ordinarily, variants will possess at least about 70% homology to a reference
sequence, and preferably, they will be at least about 80%, more preferably at least about 90%
homologous to a reference sequence.

[0148] “Homology” as it applies to nucleic acid sequences is defined as the percentage of
residues in the candidate sequence that are identical with the residues in the sequence of a
second sequence after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent homology. Methods and computer programs for the alignment are well
known in the art. It is understood that homology depends on a calculation of percent identity
but may differ in value due to gaps and penalties introduced in the calculation.

[0149] The term “analogs” is meant to include polynucleotide variants which differ by one
or more nucleic acid alterations, respectively, e.g., substitutions, additions or deletions of
residues that still maintain the properties of the parent polypeptide or polynucleotide.

[0150]  “Substitutional variants” are those that have at least one nucleoside (or nucleotide)
in a starting sequence removed and a different nucleoside (or nucleotide) inserted in its place at
the same position. The substitutions may be single, where only one nucleoside (or nucleotide)
in the molecule has been substituted, or they may be multiple, where two or more nucleosides
(or nucleotides) have been substituted in the same molecule.

[0151] “Insertional variants” are those variants with one or more nucleosides (or
nucleotides) inserted immediately adjacent to a nucleoside (or nucleotide) at a particular
position in a starting sequence. "Immediately adjacent” to a nucleoside (or nucleotide) means
directly to the 5° or 3’ of the instant nucleoside or nucleotide of the polynucleotide.

[0152] “Deletional variants”, are those with one or more nucleosides (or nucleotides) in the
starting sequence removed. Ordinarily, deletional variants will have one or more nucleosides

(or nucleotides) deleted in a particular region of the molecule.
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[0153] Covalent modifications are traditionally introduced by reacting targeted nucleoside
(or nucleotide) residues of the molecule with an organic derivatizing agent that is capable of
reacting with selected atoms or residues. Such modifications are within the ordinary skill in the
art and are performed without undue experimentation.

[0154] Covalent derivatives specifically include fusion molecules in which nucleic acids of
the invention are covalently bonded to a non-proteinaceous polymer. The non-proteinaceous
polymer ordinarily is a hydrophilic synthetic polymer, i.e. a polymer not otherwise found in
nature. However, polymers which exist in nature and are produced by recombinant or in vitro
methods are useful, as are polymers which are isolated from nature. Hydrophilic polyvinyl
polymers fall within the scope of this invention, e.g. polyvinylalcohol and
polyvinylpyrrolidone. Particularly useful are polyvinylalkylene ethers such a polyethylene
glycol, polypropylene glycol. The VWF protective agents may be linked to various non-
proteinaceous polymers, such as polyethylene glycol, polypropylene glycol or
polyoxyalkylenes, in the manner set forth in U.S. Pat. No. 4,640,835; 4,496,689, 4,301,144,
4,670,417, 4,791,192 or 4,179,337, the contents of which are incorporated herein by reference
in their entirety.

[0155] “Features” are defined as distinct nucleoside (or nucleotide) sequence-based
components of a molecule. Features of the VWF protective agents of the present invention
include surface manifestations, local conformational shape, folds, loops, half-loops, domains,
half-domains, sites, termini or any combination thereof.

[0156]  Asused herein the term “surface manifestation” refers to a component of a
polynucleotide appearing on an outermost surface.

[0157]  As used herein the term “local conformational shape” means a structural
manifestation which is located within a definable space of the polynucleotide.

[0158]  As used herein the term “fold” means the resultant conformation of a nucleoside (or
nucleotide) sequence upon energy minimization. A fold may occur at the secondary or tertiary
level of the folding process.

[0159]  As used herein the term “turn” means a bend which alters the direction of the
backbone of a polynucleotide and may involve one, two, three or more nucleoside (or
nucleotide) residues.

[0160]  Asused herein the term “loop” refers to a structural feature of a polynucleotide
which reverses the direction of the backbone of the sequence and comprises four or more

nucleoside (or nucleotide) residues.
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[0161]  As used herein the term “domain” refers to a motif of polynucleotide having one or
more identifiable structural or functional characteristics or properties (e.g., binding capacity),
serving as a site for molecular interactions.

[0162]  As used herein the term “site” as it pertains to nucleoside (or nucleotide) based
embodiments is used synonymous with "nucleic acid residue". A site represents a position
within a polynucleotide that may be modified, manipulated, altered, derivatized or varied
within the polynucleotide based molecules of the present invention.

[0163] As used herein the term “termini or terminus” refers to an extremity of a
polynucleotide. Such extremity is not limited only to the first or final site of the polynucleotide
but may include additional nucleosides (or nucleotides) in the terminal regions. The
polynucleotide based molecules of the present invention may be characterized as having both a
5’ terminus and a 3’ terminus.

[0164] Once any of the features have been identified or defined as a component of a
molecule of the invention, any of several manipulations and/or modifications of these features
may be performed by moving, swapping, inverting, deleting, randomizing or duplicating.
Furthermore, it is understood that manipulation of features may result in the same outcome as
a modification to the molecules of the invention. For example, a manipulation which involved
deleting a domain would result in the alteration of the length of a molecule just as modification
of a nucleic acid to encode less than a full-length molecule would.

[0165] Modifications and manipulations can be accomplished by methods known in the art
such as site directed mutagenesis. The resulting modified molecules may then be tested for
activity using in vitro or in vivo assays such as those described herein or any other suitable
screening assay known in the art.

Isotopic variations

[0166] The VWF protective agents of the present invention may contain one or more atoms
that are isotopes. As used herein, the term “isotope” refers to a chemical element that has one
or more additional neutron. In one embodiment, compounds of the present invention may be
deuterated. As used herein, the term “deuterated” refers to a substance that has had one or
more hydrogen atoms replaced by deuterium isotopes. Deuterium isotopes are isotopes of
hydrogen. The nucleus of hydrogen contains one proton while deuterium nuclei contain both a
proton and a neutron. The VWF protective agents may be deuterated in order to change a
physical property of the compound, such as stability, or to allow the compounds to be used in
diagnostic and experimental applications.

Conjugates and Combinations
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[0167] It is contemplated by the present invention that the VWF protective agents of the
present invention may be complexed, conjugated or combined with one or more homologous
or heterologous molecules. As used herein, “homologous molecule” means a molecule which
is similar in at least one of structure or function relative to a starting molecule while a
“heterologous molecule” is one that differs in at least one of structure or function relative to a
starting molecule. Structural homologs are therefore molecules which are substantially
structurally similar. They can be identical. Functional homologs are molecules which are
substantially functionally similar. They can be identical.

[0168] VWF protective agents of the invention may comprise conjugates. Such conjugates
of the invention may include a naturally occurring substance or ligand, such as a protein (e.g.,
human serum albumin (HSA), low-density lipoprotein (LDL), high-density lipoprotein (HDL),
or globulin); a carbohydrate (e.g., a dextran, pullulan, chitin, chitosan, inulin, cyclodextrin or
hyaluronic acid); or a lipid. The ligand may also be a recombinant or synthetic molecule, such
as a synthetic polymer, e.g., a synthetic polyamino acid, an oligonucleotide (e.g. an aptamer).
Examples of polyamino acids include polyamino acid is a polylysine (PLL), poly L-aspartic
acid, poly L-glutamic acid, styrene-maleic acid anhydride copolymer, poly(L-lactide-co-
glycolide) copolymer, divinyl ether-maleic anhydride copolymer, N-(2-
hydroxypropyl)methacrylamide copolymer (HMPA), polyethylene glycol (PEG), polyvinyl
alcohol (PVA), polyurethane, poly(2-ethylacryllic acid), N-isopropylacrylamide polymers, or
polyphosphazine. Example of polyamines include: polyethylenimine, polylysine (PLL),
spermine, spermidine, polyamine, pseudopeptide-polyamine, peptidomimetic polyamine,
dendrimer polyamine, arginine, amidine, protamine, cationic lipid, cationic porphyrin,
quaternary salt of a polyamine, or an alpha helical peptide.

[0169] VWF protective agents of the present invention can be designed to be conjugated to
other polynucleotides, dyes, intercalating agents (e.g. acridines), cross-linkers (e.g. psoralene,
mitomycin C), porphyrins (TPPC4, texaphyrin, Sapphyrin), reporter molecules, polycyclic
aromatic hydrocarbons (e.g., phenazine, dihydrophenazine), artificial endonucleases (e.g.
EDTA), alkylating agents, phosphate, amino, mercapto, PEG (e.g., PEG-40K), MPEG,
[MPEG]2, polyamino, alkyl, substituted alkyl, radiolabeled markers, enzymes, haptens (e.g.
biotin), transport/absorption facilitators (e.g., aspirin, vitamin E, folic acid), synthetic
ribonucleases, proteins, e.g., glycoproteins, or peptides, e.g., molecules having a specific
affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a specified cell type such
as a cancer cell, endothelial cell, or bone cell, hormones and hormone receptors, non-peptidic

species, such as lipids, lectins, carbohydrates, vitamins, cofactors, or a drug.
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[0170] The conjugates can also include targeting groups, e.g., a cell or tissue targeting agent
or group, €.g., a lectin, glycoprotein, lipid or protein, e.g., an antibody, that binds to a specified
cell type such as a kidney cell. A targeting group can be a thyrotropin, melanotropin, lectin,
glycoprotein, surfactant protein A, mucin carbohydrate, multivalent lactose, multivalent
galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine multivalent mannose, multivalent
fucose, glycosylated polyaminoacids, multivalent galactose, transferrin, bisphosphonate,
polyglutamate, polyaspartate, a lipid, cholesterol, a steroid, bile acid, folate, vitamin B12,
biotin, an RGD peptide, an RGD peptide mimetic or an aptamer.

[0171] Targeting groups can be proteins, e.g., glycoproteins, or peptides, e.g., molecules
having a specific affinity for a co-ligand, or antibodies e.g., an antibody, that binds to a
specified cell type such as a cancer cell, endothelial cell, or bone cell. Targeting groups may
also include hormones and hormone receptors. They can also include non-peptidic species,
such as lipids, lectins, carbohydrates, vitamins, cofactors, multivalent lactose, multivalent
galactose, N-acetyl-galactosamine, N-acetyl-gulucosamine multivalent mannose, multivalent
fucose, or aptamers.

[0172] The targeting group can be any ligand that is capable of targeting a specific receptor.
Examples include, without limitation, folate, GalNAc, galactose, mannose, mannose-6P,
aptamers, integrin receptor ligands, chemokine receptor ligands, transferrin, biotin, serotonin
receptor ligands, PSMA, endothelin, GCPII, somatostatin, LDL, and HDL ligands. In
particular embodiments, the targeting group is an aptamer. The aptamer can be unmodified or
have any combination of modifications disclosed herein.

[0173] In still other embodiments, the VWF protective agent is covalently conjugated to a
cell penetrating polypeptide. The cell-penetrating peptide may also include a signal sequence.
The conjugates of the invention can be designed to have increased stability; increased cell
transfection; and/or altered the biodistribution (e.g., targeted to specific tissues or cell types).
[0174] VWF protective agents of the present invention may be designed to be conjugated to
any number of conjugates. As a non-limiting example, the conjugates may be high molecular
weight non-immunogenic compounds.

[0175] Conjugating moieties may be added to the VWF protective agents such that they
allow labeling or flagging the VWF for clearance. Such tagging/flagging molecules include,
but are not limited to ubiquitin, fluorescent molecules, human influenza hemaglutinin (HA), c-
myc (a 10 amino acid segment of the human protooncogene myc with sequence
EQKLISEEDL (SEQ ID NO: 10)), histidine (His), flag (a short peptide of sequence
DYKDDDDK (SEQ ID NO: 11)), glutathione S-transferase (GST), V5 (a paramyxovirus of
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simian virus 5 epitope), biotin, avidin, streptavidin, horse radish peroxidase (HRP) and
digoxigenin.

[0176] In some embodiments, VWF protective agents may be combined with other VWF
protective agents, or other molecules in the treatment of a disease or condition.

[0177] The VWF protective agents may be used in combination with one or more other
therapeutic, prophylactic, diagnostic, or imaging agents. By “in combination with,” it is not
intended to imply that the agents must be administered at the same time and/or formulated for
delivery together, although these methods of delivery are within the scope of the present
disclosure. Compositions can be administered concurrently with, prior to, or subsequent to,
one or more other desired therapeutics or medical procedures. In general, each agent will be
administered at a dose and/or on a time schedule determined for that agent. In some
embodiments, the present disclosure encompasses the delivery of pharmaceutical,
prophylactic, diagnostic, or imaging compositions in combination with agents that may
improve their bioavailability, reduce and/or modify their metabolism, inhibit their excretion,
and/or modify their distribution within the body.

[0178] In some embodiments, the combination may include a therapeutic agent such as a
cytotoxin, radioactive ion, chemotherapeutic, or other therapeutic agent. A cytotoxin or
cytotoxic agent includes any agent that may be detrimental to cells. Examples include, but are
not limited to, taxol, cytochalasin B, gramicidin D, ethidium bromide, emetine, mitomycin,
etoposide, teniposide, vincristine, vinblastine, colchicine, doxorubicin, daunorubicin,
dihydroxyanthracinedione, mitoxantrone, mithramycin, actinomycin D, 1-dehydrotestosterone,
glucocorticoids, procaine, tetracaine, lidocaine, propranolol, puromycin, maytansinoids, e.g.,
maytansinol (see U.S. Pat. No. 5,208,020 incorporated herein by reference in its entirety),
rachelmycin (CC-1065, see U.S. Pat. Nos. 5,475,092, 5,585,499, and 5,846,545, all of which
are incorporated herein by reference in their entirety), and analogs or homologs thereof.
Radioactive ions include, but are not limited to iodine (e.g., iodine 125 or iodine 131),
strontium 89, phosphorous, palladium, cesium, iridium, phosphate, cobalt, yttrium 90,
samarium 153, and praseodymium. Other therapeutic agents include, but are not limited to,
antimetabolites (e.g., methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, 5-
fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thiotepa chlorambucil,
rachelmycin (CC-1065), melphalan, carmustine (BSNU), lomustine (CCNU),
cyclophosphamide, busulfan, dibromomannitol, streptozotocin, mitomycin C, and cis-
dichlorodiamine platinum (II) (DDP) cisplatin), anthracyclines (e.g., daunorubicin (formerly

daunomycin) and doxorubicin), antibiotics (e.g., dactinomycin (formerly actinomycin),
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bleomycin, mithramycin, and anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine,
vinblastine, taxol, and maytansinoids).

[0179] In some embodiments, the combination may include a detectable agent, such as
various organic small molecules, inorganic compounds, nanoparticles, enzymes or enzyme
substrates, fluorescent materials, luminescent materials (e.g., luminol), bioluminescent
materials (e.g., luciferase, luciferin, and aequorin), chemiluminescent materials, radioactive
materials (e.g., '°F, “’Ga, 81™Kr, #Rb, HIn, 1231, 3Xe, 2°1T1, 12°1, 3°S, MC, 3H, or *™Tc (e.g., as
pertechnetate (technetate(VII), TcOxs')), and contrast agents (e.g., gold (e.g., gold
nanoparticles), gadolinium (e.g., chelated Gd), iron oxides (e.g., superparamagnetic iron oxide
(SPIO), monocrystalline iron oxide nanoparticles (MIONSs), and ultrasmall superparamagnetic
iron oxide (USPIO)), manganese chelates (e.g., Mn-DPDP), barium sulfate, iodinated contrast
media (iohexol), microbubbles, or perfluorocarbons). Such optically-detectable labels include
for example, without limitation, 4-acetamido-4’-isothiocyanatostilbene-2,2’disulfonic acid;
acridine and derivatives (e.g., acridine and acridine isothiocyanate); 5-(2’-
aminoethyl)aminonaphthalene-1-sulfonic acid (EDANS); 4-amino-N-[3-
vinylsulfonyl)phenyl]naphthalimide-3,5 disulfonate; N-(4-anilino-l-naphthyl)maleimide;
anthranilamide; BODIPY, Brilliant Yellow; coumarin and derivatives (e.g., coumarin, 7-
amino-4-methylcoumarin (AMC, Coumarin 120), and 7-amino-4-trifluoromethylcoumarin
(Coumarin 151)); cyanine dyes; cyanosine; 4’,6-diaminidino-2-phenylindole (DAPI);, 5 5"-
dibromopyrogallol-sulfonaphthalein (Bromopyrogallol Red); 7-diethylamino-3-(4’-
isothiocyanatophenyl)-4-methylcoumarin; diethylenetriamine pentaacetate; 4,4’-
diisothiocyanatodihydro-stilbene-2,2’-disulfonic acid; 4,4 -diisothiocyanatostilbene-2,2’-
disulfonic acid; 5-[dimethylamino]-naphthalene-1-sulfonyl chloride (DNS, dansylchloride); 4-
dimethylaminophenylazophenyl-4’-isothiocyanate (DABITC); eosin and derivatives (e.g.,
eosin and eosin isothiocyanate), erythrosin and derivatives (e.g., erythrosin B and erythrosin
isothiocyanate); ethidium; fluorescein and derivatives (e.g., S-carboxyfluorescein (FAM), 5-
(4,6-dichlorotriazin-2-yl)aminofluorescein (DTAF), 2°,7’-dimethoxy-4"5’-dichloro-6-
carboxyfluorescein, fluorescein, fluorescein isothiocyanate, X-rhodamine-5-(and-6)-
isothiocyanate (QFITC or XRITC), and fluorescamine); 2-[2-[3-[[1,3-dihydro-1,1-dimethyl-3-
(3-sulfopropyl)-2H-benz[e]indol-2-ylidene]ethylidene]-2-[4-(ethoxy carbonyl)-1-piperazinyl]-
I-cyclopenten-1-yl]ethenyl]-1,1-dimethyl-3-(3-sulforpropyl)-1H-benz[ e]indolium hydroxide,
inner salt, compound with N,N-diethylethanamine(1:1) (IR144); 5-chloro-2-[2-[3-[(5-chloro-
3-ethyl-2(3H)-benzothiazol- ylidene)ethylidene]-2-(diphenylamino)-1-cyclopenten-1-
yl]ethenyl]-3-ethyl benzothiazolium perchlorate (IR140); Malachite Green isothiocyanate; 4-

methylumbelliferone orthocresolphthalein; nitrotyrosine; pararosaniline; Phenol Red; B-
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phycoerythrin;, o-phthaldialdehyde; pyrene and derivatives(e.g., pyrene, pyrene butyrate,
and succinimidyl 1-pyrene); butyrate quantum dots; Reactive Red 4 (CIBACRON™ Brilliant
Red 3B-A); rhodamine and derivatives (e.g., 6-carboxy-X-rhodamine (ROX), 6-
carboxyrhodamine (R6G), lissamine rhodamine B sulfonyl chloride rhodarnine (Rhod),
rhodamine B, rhodamine 123, rhodamine X isothiocyanate, sulforhodamine B,
sulforhodamine 101, sulfonyl chloride derivative of sulforhodamine 101 (Texas Red),

N,N,N "N ‘tetramethyl-6-carboxyrhodamine (TAMRA) tetramethyl rhodamine, and
tetramethyl rhodamine isothiocyanate (TRITC)); riboflavin; rosolic acid; terbium chelate
derivatives; Cyanine-3 (Cy3); Cyanine-5 (Cy5); cyanine-5.5 (CyS5.5), Cyanine-7 (Cy7); IRD
700; IRD 800; Alexa 647; La Jolta Blue; phthalo cyanine; and naphthalo cyanine.

[0180] In some embodiments, the detectable agent may be a non-detectable pre-cursor that
becomes detectable upon activation (e.g., fluorogenic tetrazine-fluorophore constructs (e.g.,
tetrazine-BODIPY FL, tetrazine-Oregon Green 488, or tetrazine-BODIPY TMR-X) or enzyme
activatable fluorogenic agents (e.g., PROSENSE® (VisEn Medical)). In vitro assays in which
the enzyme labeled compositions can be used include, but are not limited to, enzyme linked
immunosorbent assays (ELISAs), immunoprecipitation assays, immunofluorescence, enzyme
immunoassays (EIA), radioimmunoassays (RIA), and Western blot analysis.

II. Targets of the Invention: VWF monomers or multimers

[0181] The present invention provides aptamers (themselves monomers or multimers) that
bind to von Willebrand Factor (VWF) monomers or multimers. These aptamers are referred to
herein as “VWF aptamers.” As stated above, VWF aptamers may be nucleic acid based or
amino acid based.

[0182] In some embodiments, the target of the VWF protective agents is the VWF protein
or protein multimers. In some embodiments, VWF protective agents may be designed to bind
or associate with proteins or other biomolecules which themselves associate with the VWF
protein.

[0183] Homo sapiens Von Willebrand Factor mRNA is provided herein as SEQ ID NO: 8
(NM_000552; 8833 nt) and the protein as SEQ ID NO: 9 (NP_000543; 2813 amino acids).
[0184] The human VWF mRNA sequence is shown here: >gi|89191867|reffNM_000552.3]
Homo sapiens von Willebrand factor (VWF), mRNA:
AGCTCACAGCTATTGTGGTGGGAAAGGGAGGGTGGTTGGTGGATGTCACAGCTT
GGGCTTTATCTCCCCCAGCAGTGGGGACTCCACAGCCCCTGGGCTACATAACAGC
AAGACAGTCCGGAGCTGTAGCAGACCTGATTGAGCCTTTGCAGCAGCTGAGAGC
ATGGCCTAGGGTGGGCGGCACCATTGTCCAGCAGCTGAGTTTCCCAGGGACCTTG
GAGATAGCCGCAGCCCTCATTTGCAGGGGAAGATGATTCCTGCCAGATTTGCCGG
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GGTGCTGCTTGCTCTGGCCCTCATTTTGCCAGGGACCCTTTGTGCAGAAGGAACT

CGCGGCAGGTCATCCACGGCCCGATGCAGCCTTTTCGGAAGTGACTTCGTCAACA
CCTTTGATGGGAGCATGTACAGCTTTGCGGGATACTGCAGTTACCTCCTGGCAGG
GGGCTGCCAGAAACGCTCCTTCTCGATTATTGGGGACTTCCAGAATGGCAAGAG
AGTGAGCCTCTCCGTGTATCTTGGGGAATTTTTTGACATCCATTTGTTTGTCAATG
GTACCGTGACACAGGGGGACCAAAGAGTCTCCATGCCCTATGCCTCCAAAGGGC
TGTATCTAGAAACTGAGGCTGGGTACTACAAGCTGTCCGGTGAGGCCTATGGCTT
TGTGGCCAGGATCGATGGCAGCGGCAACTTTCAAGTCCTGCTGTCAGACAGATAC
TTCAACAAGACCTGCGGGCTGTGTGGCAACTTTAACATCTTTGCTGAAGATGACT
TTATGACCCAAGAAGGGACCTTGACCTCGGACCCTTATGACTTTGCCAACTCATG
GGCTCTGAGCAGTGGAGAACAGTGGTGTGAACGGGCATCTCCTCCCAGCAGCTC
ATGCAACATCTCCTCTGGGGAAATGCAGAAGGGCCTGTGGGAGCAGTGCCAGCT
TCTGAAGAGCACCTCGGTGTTTGCCCGCTGCCACCCTCTGGTGGACCCCGAGCCT
TTTGTGGCCCTGTGTGAGAAGACTTTGTGTGAGTGTGCTGGGGGGCTGGAGTGCG
CCTGCCCTGCCCTCCTGGAGTACGCCCGGACCTGTGCCCAGGAGGGAATGGTGCT
GTACGGCTGGACCGACCACAGCGCGTGCAGCCCAGTGTGCCCTGCTGGTATGGA
GTATAGGCAGTGTGTGTCCCCTTGCGCCAGGACCTGCCAGAGCCTGCACATCAAT
GAAATGTGTCAGGAGCGATGCGTGGATGGCTGCAGCTGCCCTGAGGGACAGCTC
CTGGATGAAGGCCTCTGCGTGGAGAGCACCGAGTGTCCCTGCGTGCATTCCGGA
AAGCGCTACCCTCCCGGCACCTCCCTCTCTCGAGACTGCAACACCTGCATTTGCC
GAAACAGCCAGTGGATCTGCAGCAATGAAGAATGTCCAGGGGAGTGCCTTGTCA
CAGGTCAATCACACTTCAAGAGCTTTGACAACAGATACTTCACCTTCAGTGGGAT
CTGCCAGTACCTGCTGGCCCGGGATTGCCAGGACCACTCCTTCTCCATTGTCATT
GAGACTGTCCAGTGTGCTGATGACCGCGACGCTGTGTGCACCCGCTCCGTCACCG
TCCGGCTGCCTGGCCTGCACAACAGCCTTGTGAAACTGAAGCATGGGGCAGGAG
TTGCCATGGATGGCCAGGACGTCCAGCTCCCCCTCCTGAAAGGTGACCTCCGCAT
CCAGCATACAGTGACGGCCTCCGTGCGCCTCAGCTACGGGGAGGACCTGCAGAT
GGACTGGGATGGCCGCGGGAGGCTGCTGGTGAAGCTGTCCCCCGTCTATGCCGG
GAAGACCTGCGGCCTGTGTGGGAATTACAATGGCAACCAGGGCGACGACTTCCT
TACCCCCTCTGGGCTGGCGGAGCCCCGGGTGGAGGACTTCGGGAACGCCTGGAA
GCTGCACGGGGACTGCCAGGACCTGCAGAAGCAGCACAGCGATCCCTGCGCCCT
CAACCCGCGCATGACCAGGTTCTCCGAGGAGGCGTGCGCGGTCCTGACGTCCCCC
ACATTCGAGGCCTGCCATCGTGCCGTCAGCCCGCTGCCCTACCTGCGGAACTGCC
GCTACGACGTGTGCTCCTGCTCGGACGGCCGCGAGTGCCTGTGCGGCGCCCTGGC
CAGCTATGCCGCGGCCTGCGCGGGGAGAGGCGTGCGCGTCGCGTGGCGCGAGCC

41



WO 2018/213697 PCT/US2018/033376
AGGCCGCTGTGAGCTGAACTGCCCGAAAGGCCAGGTGTACCTGCAGTGCGGGAC

CCCCTGCAACCTGACCTGCCGCTCTCTCTCTTACCCGGATGAGGAATGCAATGAG
GCCTGCCTGGAGGGCTGCTTCTGCCCCCCAGGGCTCTACATGGATGAGAGGGGG
GACTGCGTGCCCAAGGCCCAGTGCCCCTGTTACTATGACGGTGAGATCTTCCAGC
CAGAAGACATCTTCTCAGACCATCACACCATGTGCTACTGTGAGGATGGCTTCAT
GCACTGTACCATGAGTGGAGTCCCCGGAAGCTTGCTGCCTGACGCTGTCCTCAGC
AGTCCCCTGTCTCATCGCAGCAAAAGGAGCCTATCCTGTCGGCCCCCCATGGTCA
AGCTGGTGTGTCCCGCTGACAACCTGCGGGCTGAAGGGCTCGAGTGTACCAAAA
CGTGCCAGAACTATGACCTGGAGTGCATGAGCATGGGCTGTGTCTCTGGCTGCCT
CTGCCCCCCGGGCATGGTCCGGCATGAGAACAGATGTGTGGCCCTGGAAAGGTG
TCCCTGCTTCCATCAGGGCAAGGAGTATGCCCCTGGAGAAACAGTGAAGATTGG
CTGCAACACTTGTGTCTGTCGGGACCGGAAGTGGAACTGCACAGACCATGTGTGT
GATGCCACGTGCTCCACGATCGGCATGGCCCACTACCTCACCTTCGACGGGCTCA
AATACCTGTTCCCCGGGGAGTGCCAGTACGTTCTGGTGCAGGATTACTGCGGCAG
TAACCCTGGGACCTTTCGGATCCTAGTGGGGAATAAGGGATGCAGCCACCCCTCA
GTGAAATGCAAGAAACGGGTCACCATCCTGGTGGAGGGAGGAGAGATTGAGCTG
TTTGACGGGGAGGTGAATGTGAAGAGGCCCATGAAGGATGAGACTCACTTTGAG
GTGGTGGAGTCTGGCCGGTACATCATTCTGCTGCTGGGCAAAGCCCTCTCCGTGG
TCTGGGACCGCCACCTGAGCATCTCCGTGGTCCTGAAGCAGACATACCAGGAGA
AAGTGTGTGGCCTGTGTGGGAATTTTGATGGCATCCAGAACAATGACCTCACCAG
CAGCAACCTCCAAGTGGAGGAAGACCCTGTGGACTTTGGGAACTCCTGGAAAGT
GAGCTCGCAGTGTGCTGACACCAGAAAAGTGCCTCTGGACTCATCCCCTGCCACC
TGCCATAACAACATCATGAAGCAGACGATGGTGGATTCCTCCTGTAGAATCCTTA
CCAGTGACGTCTTCCAGGACTGCAACAAGCTGGTGGACCCCGAGCCATATCTGG
ATGTCTGCATTTACGACACCTGCTCCTGTGAGTCCATTGGGGACTGCGCCTGCTTC
TGCGACACCATTGCTGCCTATGCCCACGTGTGTGCCCAGCATGGCAAGGTGGTGA
CCTGGAGGACGGCCACATTGTGCCCCCAGAGCTGCGAGGAGAGGAATCTCCGGG
AGAACGGGTATGAGTGTGAGTGGCGCTATAACAGCTGTGCACCTGCCTGTCAAG
TCACGTGTCAGCACCCTGAGCCACTGGCCTGCCCTGTGCAGTGTGTGGAGGGCTG
CCATGCCCACTGCCCTCCAGGGAAAATCCTGGATGAGCTTTTGCAGACCTGCGTT
GACCCTGAAGACTGTCCAGTGTGTGAGGTGGCTGGCCGGCGTTTTGCCTCAGGAA
AGAAAGTCACCTTGAATCCCAGTGACCCTGAGCACTGCCAGATTTGCCACTGTGA
TGTTGTCAACCTCACCTGTGAAGCCTGCCAGGAGCCGGGAGGCCTGGTGGTGCCT
CCCACAGATGCCCCGGTGAGCCCCACCACTCTGTATGTGGAGGACATCTCGGAAC
CGCCGTTGCACGATTTCTACTGCAGCAGGCTACTGGACCTGGTCTTCCTGCTGGA
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TGGCTCCTCCAGGCTGTCCGAGGCTGAGTTTGAAGTGCTGAAGGCCTTTGTGGTG

GACATGATGGAGCGGCTGCGCATCTCCCAGAAGTGGGTCCGCGTGGCCGTGGTG
GAGTACCACGACGGCTCCCACGCCTACATCGGGCTCAAGGACCGGAAGCGACCG
TCAGAGCTGCGGCGCATTGCCAGCCAGGTGAAGTATGCGGGCAGCCAGGTGGCC
TCCACCAGCGAGGTCTTGAAATACACACTGTTCCAAATCTTCAGCAAGATCGACC
GCCCTGAAGCCTCCCGCATCACCCTGCTCCTGATGGCCAGCCAGGAGCCCCAACG
GATGTCCCGGAACTTTGTCCGCTACGTCCAGGGCCTGAAGAAGAAGAAGGTCAT
TGTGATCCCGGTGGGCATTGGGCCCCATGCCAACCTCAAGCAGATCCGCCTCATC
GAGAAGCAGGCCCCTGAGAACAAGGCCTTCGTGCTGAGCAGTGTGGATGAGCTG
GAGCAGCAAAGGGACGAGATCGTTAGCTACCTCTGTGACCTTGCCCCTGAAGCC
CCTCCTCCTACTCTGCCCCCCGACATGGCACAAGTCACTGTGGGCCCGGGGCTCT
TGGGGGTTTCGACCCTGGGGCCCAAGAGGAACTCCATGGTTCTGGATGTGGCGTT
CGTCCTGGAAGGATCGGACAAAATTGGTGAAGCCGACTTCAACAGGAGCAAGGA
GTTCATGGAGGAGGTGATTCAGCGGATGGATGTGGGCCAGGACAGCATCCACGT
CACGGTGCTGCAGTACTCCTACATGGTGACTGTGGAGTACCCCTTCAGCGAGGCA
CAGTCCAAAGGGGACATCCTGCAGCGGGTGCGAGAGATCCGCTACCAGGGCGGC
AACAGGACCAACACTGGGCTGGCCCTGCGGTACCTCTCTGACCACAGCTTCTTGG
TCAGCCAGGGTGACCGGGAGCAGGCGCCCAACCTGGTCTACATGGTCACCGGAA
ATCCTGCCTCTGATGAGATCAAGAGGCTGCCTGGAGACATCCAGGTGGTGCCCAT
TGGAGTGGGCCCTAATGCCAACGTGCAGGAGCTGGAGAGGATTGGCTGGCCCAA
TGCCCCTATCCTCATCCAGGACTTTGAGACGCTCCCCCGAGAGGCTCCTGACCTG
GTGCTGCAGAGGTGCTGCTCCGGAGAGGGGCTGCAGATCCCCACCCTCTCCCCTG
CACCTGACTGCAGCCAGCCCCTGGACGTGATCCTTCTCCTGGATGGCTCCTCCAG
TTTCCCAGCTTCTTATTTTGATGAAATGAAGAGTTTCGCCAAGGCTTTCATTTCAA
AAGCCAATATAGGGCCTCGTCTCACTCAGGTGTCAGTGCTGCAGTATGGAAGCAT
CACCACCATTGACGTGCCATGGAACGTGGTCCCGGAGAAAGCCCATTTGCTGAG
CCTTGTGGACGTCATGCAGCGGGAGGGAGGCCCCAGCCAAATCGGGGATGCCTT
GGGCTTTGCTGTGCGATACTTGACTTCAGAAATGCATGGTGCCAGGCCGGGAGCC
TCAAAGGCGGTGGTCATCCTGGTCACGGACGTCTCTGTGGATTCAGTGGATGCAG
CAGCTGATGCCGCCAGGTCCAACAGAGTGACAGTGTTCCCTATTGGAATTGGAG
ATCGCTACGATGCAGCCCAGCTACGGATCTTGGCAGGCCCAGCAGGCGACTCCA
ACGTGGTGAAGCTCCAGCGAATCGAAGACCTCCCTACCATGGTCACCTTGGGCA
ATTCCTTCCTCCACAAACTGTGCTCTGGATTTGTTAGGATTTGCATGGATGAGGAT
GGGAATGAGAAGAGGCCCGGGGACGTCTGGACCTTGCCAGACCAGTGCCACACC
GTGACTTGCCAGCCAGATGGCCAGACCTTGCTGAAGAGTCATCGGGTCAACTGTG
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ACCGGGGGCTGAGGCCTTCGTGCCCTAACAGCCAGTCCCCTGTTAAAGTGGAAG
AGACCTGTGGCTGCCGCTGGACCTGCCCCTGCGTGTGCACAGGCAGCTCCACTCG
GCACATCGTGACCTTTGATGGGCAGAATTTCAAGCTGACTGGCAGCTGTTCTTAT
GTCCTATTTCAAAACAAGGAGCAGGACCTGGAGGTGATTCTCCATAATGGTGCCT
GCAGCCCTGGAGCAAGGCAGGGCTGCATGAAATCCATCGAGGTGAAGCACAGTG
CCCTCTCCGTCGAGCTGCACAGTGACATGGAGGTGACGGTGAATGGGAGACTGG
TCTCTGTTCCTTACGTGGGTGGGAACATGGAAGTCAACGTTTATGGTGCCATCAT
GCATGAGGTCAGATTCAATCACCTTGGTCACATCTTCACATTCACTCCACAAAAC
AATGAGTTCCAACTGCAGCTCAGCCCCAAGACTTTTGCTTCAAAGACGTATGGTC
TGTGTGGGATCTGTGATGAGAACGGAGCCAATGACTTCATGCTGAGGGATGGCA
CAGTCACCACAGACTGGAAAACACTTGTTCAGGAATGGACTGTGCAGCGGCCAG
GGCAGACGTGCCAGCCCATCCTGGAGGAGCAGTGTCTTGTCCCCGACAGCTCCCA
CTGCCAGGTCCTCCTCTTACCACTGTTTGCTGAATGCCACAAGGTCCTGGCTCCA
GCCACATTCTATGCCATCTGCCAGCAGGACAGTTGCCACCAGGAGCAAGTGTGTG
AGGTGATCGCCTCTTATGCCCACCTCTGTCGGACCAACGGGGTCTGCGTTGACTG
GAGGACACCTGATTTCTGTGCTATGTCATGCCCACCATCTCTGGTCTACAACCAC
TGTGAGCATGGCTGTCCCCGGCACTGTGATGGCAACGTGAGCTCCTGTGGGGACC
ATCCCTCCGAAGGCTGTTTCTGCCCTCCAGATAAAGTCATGTTGGAAGGCAGCTG
TGTCCCTGAAGAGGCCTGCACTCAGTGCATTGGTGAGGATGGAGTCCAGCACCA
GTTCCTGGAAGCCTGGGTCCCGGACCACCAGCCCTGTCAGATCTGCACATGCCTC
AGCGGGCGGAAGGTCAACTGCACAACGCAGCCCTGCCCCACGGCCAAAGCTCCC
ACGTGTGGCCTGTGTGAAGTAGCCCGCCTCCGCCAGAATGCAGACCAGTGCTGCC
CCGAGTATGAGTGTGTGTGTGACCCAGTGAGCTGTGACCTGCCCCCAGTGCCTCA
CTGTGAACGTGGCCTCCAGCCCACACTGACCAACCCTGGCGAGTGCAGACCCAA
CTTCACCTGCGCCTGCAGGAAGGAGGAGTGCAAAAGAGTGTCCCCACCCTCCTG
CCCCCCGCACCGTTTGCCCACCCTTCGGAAGACCCAGTGCTGTGATGAGTATGAG
TGTGCCTGCAACTGTGTCAACTCCACAGTGAGCTGTCCCCTTGGGTACTTGGCCT
CAACTGCCACCAATGACTGTGGCTGTACCACAACCACCTGCCTTCCCGACAAGGT
GTGTGTCCACCGAAGCACCATCTACCCTGTGGGCCAGTTCTGGGAGGAGGGCTGC
GATGTGTGCACCTGCACCGACATGGAGGATGCCGTGATGGGCCTCCGCGTGGCC
CAGTGCTCCCAGAAGCCCTGTGAGGACAGCTGTCGGTCGGGCTTCACTTACGTTC
TGCATGAAGGCGAGTGCTGTGGAAGGTGCCTGCCATCTGCCTGTGAGGTGGTGA
CTGGCTCACCGCGGGGGGACTCCCAGTCTTCCTGGAAGAGTGTCGGCTCCCAGTG
GGCCTCCCCGGAGAACCCCTGCCTCATCAATGAGTGTGTCCGAGTGAAGGAGGA
GGTCTTTATACAACAAAGGAACGTCTCCTGCCCCCAGCTGGAGGTCCCTGTCTGC
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CCCTCGGGCTTTCAGCTGAGCTGTAAGACCTCAGCGTGCTGCCCAAGCTGTCGCT
GTGAGCGCATGGAGGCCTGCATGCTCAATGGCACTGTCATTGGGCCCGGGAAGA
CTGTGATGATCGATGTGTGCACGACCTGCCGCTGCATGGTGCAGGTGGGGGTCAT
CTCTGGATTCAAGCTGGAGTGCAGGAAGACCACCTGCAACCCCTGCCCCCTGGGT
TACAAGGAAGAAAATAACACAGGTGAATGTTGTGGGAGATGTTTGCCTACGGCT
TGCACCATTCAGCTAAGAGGAGGACAGATCATGACACTGAAGCGTGATGAGACG
CTCCAGGATGGCTGTGATACTCACTTCTGCAAGGTCAATGAGAGAGGAGAGTAC
TTCTGGGAGAAGAGGGTCACAGGCTGCCCACCCTTTGATGAACACAAGTGTCTG
GCTGAGGGAGGTAAAATTATGAAAATTCCAGGCACCTGCTGTGACACATGTGAG
GAGCCTGAGTGCAACGACATCACTGCCAGGCTGCAGTATGTCAAGGTGGGAAGC
TGTAAGTCTGAAGTAGAGGTGGATATCCACTACTGCCAGGGCAAATGTGCCAGC
AAAGCCATGTACTCCATTGACATCAACGATGTGCAGGACCAGTGCTCCTGCTGCT
CTCCGACACGGACGGAGCCCATGCAGGTGGCCCTGCACTGCACCAATGGCTCTGT
TGTGTACCATGAGGTTCTCAATGCCATGGAGTGCAAATGCTCCCCCAGGAAGTGC
AGCAAGTGAGGCTGCTGCAGCTGCATGGGTGCCTGCTGCTGCCTGCCTTGGCCTG
ATGGCCAGGCCAGAGTGCTGCCAGTCCTCTGCATGTTCTGCTCTTGTGCCCTTCTG
AGCCCACAATAAAGGCTGAGCTCTTATCTTGCAAAAGGC (SEQID NO: 8). It is
noted that in this mRNA, Uridine is represented by Thymidine.

[0185] The protein sequence is shown here: >gi|89191868|ref]NP_000543.2| von
Willebrand factor preproprotein [Homo sapiens].

[0186] MIPARFAGVLLALALILPGTLCAEGTRGRSSTARCSLFGSDFVNTFDGSMYS
FAGYCSYLLAGGCQKRSFSIIGDFONGKRVSLSVYLGEFFDIHLFVNGTVTQGDQRVS
MPYASKGLYLETEAGY YKLSGEAYGFVARIDGSGNFQVLLSDRYFNKTCGLCGNFNI
FAEDDFMTQEGTLTSDPYDFANSWALSSGEQWCERASPPSSSCNISSGEMQKGLWEQ
CQLLKSTSVFARCHPLVDPEPFVALCEKTLCECAGGLECACPALLEYARTCAQEGMV
LYGWTDHSACSPVCPAGMEYRQCVSPCARTCQSLHINEMCQERCVDGCSCPEGQLL
DEGLCVESTECPCVHSGKRYPPGTSLSRDCNTCICRNSQWICSNEECPGECLVTGQSH
FKSFDNRYFTFSGICQYLLARDCQDHSFSIVIETVQCADDRDAVCTRSVTVRLPGLHN
SLVKLKHGAGVAMDGQDVQLPLLKGDLRIQHTVTASVRLSYGEDLOMDWDGRGR
LLVKLSPVYAGKTCGLCGNYNGNQGDDFLTPSGLAEPRVEDFGNAWKLHGDCQDL
QKQHSDPCALNPRMTRFSEEACAVLTSPTFEACHRAVSPLPYLRNCRYDVCSCSDGR
ECLCGALASYAAACAGRGVRVAWREPGRCELNCPKGQVYLQCGTPCNLTCRSLSYP
DEECNEACLEGCFCPPGLYMDERGDCVPKAQCPCYYDGEIFQPEDIFSDHHTMCYCE
DGFMHCTMSGVPGSLLPDAVLSSPLSHRSKRSLSCRPPMVKLVCPADNLRAEGLECT
KTCONYDLECMSMGCVSGCLCPPGMVRHENRCVALERCPCFHQGKEYAPGETVKI
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GCNTCVCRDRKWNCTDHVCDATCSTIGMAHYLTFDGLKYLFPGECQYVLVQDYCG

SNPGTFRILVGNKGCSHPSVKCKKRVTILVEGGEIELFDGEVNVKRPMKDETHFEVV
ESGRYIILLLGKALSVVWDRHLSISVVLKQTYQEKVCGLCGNFDGIQNNDLTSSNLQ
VEEDPVDFGNSWKVSSQCADTRKVPLDSSPATCHNNIMKQTMVDSSCRILTSDVFQD
CNKLVDPEPYLDVCIYDTCSCESIGDCACFCDTIAAYAHVCAQHGKVVTWRTATLCP
QSCEERNLRENGYECEWRYNSCAPACQVTCQHPEPLACPVQCVEGCHAHCPPGKIL
DELLQTCVDPEDCPVCEVAGRRFASGKKVTLNPSDPEHCQICHCDVVNLTCEACQEP
GGLVVPPTDAPVSPTTLYVEDISEPPLHDFYCSRLLDLVFLLDGSSRLSEAEFEVLKAF
VVDMMERLRISQKWVRVAVVEYHDGSHAYIGLKDRKRPSELRRIASQVKYAGSQV
ASTSEVLKYTLFQIFSKIDRPEASRITLLLMASQEPQRMSRNFVRYVQGLKKKKVIVIP
VGIGPHANLKQIRLIEKQAPENKAFVLSSVDELEQQRDEIVSYLCDLAPEAPPPTLPPD
MAQVTVGPGLLGVSTLGPKRNSMVLDVAFVLEGSDKIGEADFNRSKEFMEEVIQRM
DVGQDSIHVTVLQYSYMVTVEYPFSEAQSKGDILQRVREIRYQGGNRTNTGLALRYL
SDHSFLVSQGDREQAPNLVYMVTGNPASDEIKRLPGDIQVVPIGVGPNANVQELERI
GWPNAPILIQDFETLPREAPDLVLQRCCSGEGLQIPTLSPAPDCSQPLDVILLLDGSSSF
PASYFDEMKSFAKAFISKANIGPRLTQVSVLQYGSITTIDVPWNVVPEKAHLLSLVDV
MQREGGPSQIGDALGFAVRYLTSEMHGARPGASKAVVILVTDVSVDSVDAAADAA
RSNRVTVFPIGIGDRYDAAQLRILAGPAGDSNVVKLQRIEDLPTMVTLGNSFLHKLCS
GFVRICMDEDGNEKRPGDVWTLPDQCHTVTCQPDGQTLLKSHRVNCDRGLRPSCPN
SQSPVKVEETCGCRWTCPCVCTGSSTRHIVTFDGQNFKLTGSCSYVLFQONKEQDLEVI
LHNGACSPGARQGCMKSIEVKHSALSVELHSDMEVTVNGRLVSVPYVGGNMEVNV
YGAIMHEVRFNHLGHIFTFTPONNEFQLQLSPKTFASKTYGLCGICDENGANDFMLR
DGTVTTDWKTLVQEWTVQRPGQTCQPILEEQCLVPDSSHCQVLLLPLFAECHKVLAP
ATFYAICQQDSCHQEQVCEVIASYAHLCRTNGVCVDWRTPDFCAMSCPPSLVYNHC
EHGCPRHCDGNVSSCGDHPSEGCFCPPDKVMLEGSCVPEEACTQCIGEDGVQHQFLE
AWVPDHQPCQICTCLSGRKVNCTTQPCPTAKAPTCGLCEVARLRQNADQCCPEYEC
VCDPVSCDLPPVPHCERGLQPTLTNPGECRPNFTCACRKEECKRVSPPSCPPHRLPTL
RKTQCCDEYECACNCVNSTVSCPLGYLASTATNDCGCTTTTCLPDKVCVHRSTIYPV
GQFWEEGCDVCTCTDMEDAVMGLRVAQCSQKPCEDSCRSGFTYVLHEGECCGRCL
PSACEVVTGSPRGDSQSSWKSVGSQWASPENPCLINECVRVKEEVFIQQRNVSCPQL
EVPVCPSGFQLSCKTSACCPSCRCERMEACMLNGTVIGPGKTVMIDVCTTCRCMVQ
VGVISGFKLECRKTTCNPCPLGYKEENNTGECCGRCLPTACTIQLRGGQIMTLKRDET
LODGCDTHFCKVNERGEYFWEKRVTGCPPFDEHKCLAEGGKIMKIPGTCCDTCEEPE
CNDITARLQYVKVGSCKSEVEVDIHYCQGKCASKAMYSIDINDVQDQCSCCSPTRTE
PMQVALHCTNGSVVYHEVLNAMECKCSPRKCSK. (SEQ ID NO: 9).
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[0187] It should be understood that all or any fragment (of from 5 amino acids to the full
length) of the VWF protein may be used to produce VWF protective agents as described
herein. Mutated versions or variants of SEQ ID NO: 9 may also be used to design VWF
protective agents.

[0188]  According to the present invention, and while not wishing to be bound by theory,
the VWF protective agents may completely or partially inhibit VWF monomer or multimers
degradation by partially or completely blocking the ability of VWF to bind to platelets or
erythrocytes. The VWF aptamers are considered to completely inhibit VWF degradation when
the level of protection of a monomer or multimers of at least 2 monomers is at least 95%, e.g.,
by 96%, 97%, 98%, 99% or 100% as compared to the level of intact monomer or multimers in
the absence of the VWF protective agent.

[0189] The VWF aptamers are considered to partially inhibit VWF degradation when the
level of protection of a monomer or multimers of at least 2 monomers is at least 10%, 20%,
25%, 30%, 40%, 50%, 60%, 75%, 80%, 85% or 90% as compared to the level of intact
monomer or multimers in the absence of the VWF protective agent.

[0190] In other embodiments in which at least one vessel of a subject is partially (at least
50%) occluded or fully occluded by occlusive thrombi, the VWF protective agents may
completely or partially disaggregate occlusive thrombi by partially or completely blocking the
ability of VWF to bind to platelets. The VWF aptamers are considered to completely
disaggregate occlusive thrombi when the occlusive thrombi are at least 95% disaggregated,
e.g., 95%, 96%, 97%, 98%, 99% or 100% disaggregated, as compared to the level of occlusive
thrombi in the absence of the VWF protective agent.

[0191] The VWF aptamers are considered to partially disaggregate occlusive thrombi when
the occlusive thrombi are at least 10%, 20%, 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85% or
90% disaggregated as compared to the level of occlusive thrombi in the absence of the VWF
protective agent.

[0192] A VWEF protective agent which is a nucleic acid aptamer may comprise a
dissociation constant for human von Willebrand Factor domain A1 or a variant thereof, of less
than 100 uM, less than 1 uM, less than 500 nM, less than 100 nM, preferably 50 nM or less,
preferably 10 nM or less, preferably 5 nM or less, preferably 1 nM or less, and more
preferably 500 pM or less.

III. VWF Protective Agents: Therapeutics

[0193] Aptamers have a number of desirable characteristics for use as therapeutics

including high specificity and affinity to molecular targets, biological efficacy, and excellent
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pharmacokinetic properties. In addition, they offer specific competitive advantages over other
biologics, for example:

[0194]  Speed and control. Aptamers may be produced by an entirely in vitro process. In
vitro selection allows the specificity and affinity of the aptamer to be tightly controlled and
allows the generation of leads against both toxic and non-immunogenic targets. Aptamers may
also be produced synthetically, whether by chemical synthesis such as solid phase synthesis or
enzymatic synthesis using polymerase enzymes such as T7 RNA polymerase.

[0195] Toxicity and Immunogenicity. Aptamers as a class have demonstrated little or no
toxicity or immunogenicity. Such immunogenicity may be further controlled by incorporating
chemical modifications which mute or ameliorate such immune responses. Such modifications
are taught in International Publication PCT/US2012/058519, the contents of which are
incorporated herein by reference in their entirety.

[0196] Administration. Whereas all currently approved antibody therapeutics are
administered by intravenous infusion (typically over 2-4 hours), aptamers can be administered
by subcutaneous injection or by other routes. Aptamer bioavailability via subcutaneous
administration has been shown to be >80% in monkey studies. In some embodiments,
subcutaneous administration of VWF protective agents to a subject may yield a bioavailability
of at least about 50%, about 70%, about 80%, about 85%, about 90%, about 95%, or about 98%,
or about 99% relative to that of an intravenous administration.

[0197]  Scalability and cost. Aptamers are chemically or enzymatically synthesized and
consequently can be readily scaled as needed to meet production demand.

[0198]  Stability. Aptamers may be adapted to regain activity following exposure to heat,
denaturants, etc. and can be stored for extended periods (>1 year).

[0199] Combination therapy. One embodiment of the invention comprises a VWF
protective agent formulation of the invention used in combination with one or more other
treatments for coagulation, bleeding or VAD-associated disorders. In another embodiment, a
VWF protective agent formulation can be used in combination with one or more other
treatments for acute coronary syndrome or acute occlusion thrombosis, including for example,
but not limited to, aspirin, thrombolytics (i.e., tissue plasminogen activator, alteplase),
nitroglycerin, beta blockers, angiotensin-converting enzyme (ACE) inhibitors, angiotensin
receptor blockers (ARBs), Ca>* channel blockers, cholesterol-lowering drugs, (i.e., tissue
plasminogen activator (tPA), alteplase), and clot preventing drugs (i.e., clopidogrel and
prasugrel). In another embodiment, a VWF protective agent formulation can be used in
combination with one or more other treatments used to disaggregate platelet aggregates, such

as, for example, thrombolyiic treatments targeting fibrin, and treatments that seeks to disrupt the
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tirofiban). In another embodiment, a VWF protective agent formulation can be used in
combination with one or more other treatments used to treat ischemic stroke, such as, for
example, anti-coagulants, thrombolytics (tPA| alteplase), anti-platelet therapy (e g., aspirin,
dabigatran, clopidogrel, dipyridamole), and wartarin. The VWF protective agent formulation of
the invention may contain, for example, more than one aptamer. In some embodiments, a
VWF protective agent formulation of the invention, containing one or more aptamers, is
administered in combination with another useful formulation or drug. In another embodiment,
the aptamer formulations are used in combination with non-drug therapies or treatments, such
as surgical procedures. In general, the currently available dosage forms of the known
therapeutic agents and the uses of non-drug therapies for use in such combinations will be
suitable.

[0200] “Combination therapy” (or “co-therapy”) includes the administration of a VWF
protective agent formulation of the invention and at least a second agent or treatment as part of
a specific treatment regimen intended to provide the beneficial effect from the co-action of
these therapeutic agents or treatments. The beneficial effect of the combination includes, but is
not limited to, pharmacokinetic or pharmacodynamic co-action resulting from the combination
of therapeutic agent or treatments. Administration of these therapeutic agents or treatments in
combination typically is carried out over a defined time period (usually minutes, hours, days or
weeks depending upon the combination selected).

[0201] Combination therapy may, but generally is not, intended to encompass the
administration of two or more of these therapeutic agents or treatments as part of separate
monotherapy regimens that incidentally and arbitrarily results in the combinations of the
present invention. Combination therapy is intended to embrace administration of these
therapeutic agents or treatments in a sequential manner, that is, wherein each therapeutic agent
or treatment is administered at a different time, as well as administration of these therapeutic
agents or treatments, or at least two of the therapeutic agents or treatments, in a substantially
simultaneous manner. Substantially simultaneous administration can be accomplished, for
example, by administering to the subject a single injection having a fixed ratio of each
therapeutic agent or in multiple, single injections for each of the therapeutic agents.

[0202] Sequential or substantially simultaneous administration of each therapeutic agent or
treatment can be affected by any appropriate route including, but not limited to, topical routes,
oral routes, intravenous routes, subcutaneous, intramuscular routes, and direct absorption
through mucous membrane tissues. The therapeutic agents or treatments can be administered

by the same route or by different routes. For example, a first therapeutic agent or treatment of
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the combination selected may be administered by injection while the other therapeutic agents
or treatments of the combination may be administered subcutaneously. Alternatively, for
example, all therapeutic agents or treatments may be administered subcutaneously or all
therapeutic agents or treatments may be administered by injection. The sequence in which the
therapeutic agents or treatments are administered is not critical unless noted otherwise.
[0203] Combination therapy also can embrace the administration of the therapeutic agent or
treatments as described above in further combination with other biologically active
ingredients. Where the combination therapy comprises a non-drug treatment, the non-drug
treatment may be conducted at any suitable time so long as a beneficial effect from the co-
action of the combination of the therapeutic agent and non-drug treatment is achieved. For
example, in appropriate cases, the beneficial effect is still achieved when the non-drug
treatment is temporally removed from the administration of the therapeutic agent, perhaps by
days or even weeks.
[0204]  Pharmacokinetic or pharmacodynamic properties. Aptamers may be modified to
improve pharmacokinetic or pharmacodynamic properties such as half-life and/or duration of
action. As used herein, the term “half-life” or “plasma half-life” refers to the amount of time by
which half of the administered amount of aptamer is cleared from the blood stream. “Duration of
action” refers to the length of time that an aptamer is effective. The duration of action of
aptamers may depend on several parameters such as plasma half-life, the administered dose, the
pharmaceutical preparation, and the influence of disease on drug elimination (Carruthers SG.
Duration of drug action. Am Fam Physician. 1980 Feb;21(2):119-26, which is incorporated herein
by reference in its entirety). Modification of the aptamers, such as altering the stem region, or
attaching the aptamers to polymers (e.g., PEG), may alter the half-life and/or duration of action.
[0205] In some embodiments, aptamers of the present invention may have a plasma half-life of
from about 20 hours to about 40 hours, from about 30 hours to about 50 hours, from about 40 hours
to about 60 hours, from about 50 hours to about 70 hours, from about 55 hours to about 75 hours,
from about 60 hours to about 80 hours, from about 70 hours to about 85 hours, from about 75 hours
to about 90 hours, from about 85 to about 100 hours, or at least 100 hours after administered to a
subject.
[0206] In some embodiments, aptamers of the present invention may have a duration of action
of at least 8 hours, at least 16 hours, at least 24 hours, at least 36 hours, at least 48 hours, at least 72
hours, from about 72 hours to about 96 hours, from about 90 hours to 120 hours, from about 110
hours to about 135 hours, from about 120 hours to 150 hours, from about 135 hours to 168 hours,

from about 150 hours to 180 hours, from about 180 hours to about 210 hours, from about 210 hours
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to about 240 hours, from about 240 hours to 300 hours, from about 300 hours to 360 hours, or at

least 360 hours.

[0207]  Anticoagulation and clotting. In some embodiments, the aptamers of the present
invention do not function as anticoagulants and/or alter clotting function. As used herein, the
term “anticoagulant” refers to a chemical substance that prevent or reduce coagulation of
blood, prolonging the clotting time. Coagulation of blood may be assayed via the techniques
and methods described herein and those known in the art, such as activated partial
thromboplastin time (aPTT) assays, prothrombin time (PT) test, thrombin time test, fibrinogen
test, anti—factor Xa assays, rotational thrombelastometry, and thrombin generation assays (e.g.,
calibrated automated thrombogram).

[0208] In some embodiments, aptamers of the present invention do not prolong clotting
time. In some embodiments, aptamers of the present invention do not prolong activated partial
thromboplastin time. In some embodiments, aptamers of the present invention do not prolong
prothrombin time. In some embodiments, aptamers of the present invention do not prolong
thrombin time. In some embodiments, aptamers of the present invention do not alter
fibrinogen concentration. In some embodiments, aptamers of the present invention do not alter
thrombin generation.

IV. Formulations, dosing and administration

Pharmaceutical compositions and formulations

[0209] The pharmaceutical compositions of the present invention comprise at least one
VWEF protective agent as the active ingredient. In some embodiments, the compositions are
suitable for internal use and include an effective amount of a pharmacologically active
compound of the invention, alone or in combination, with one or more pharmaceutically
acceptable carriers. The compounds are especially useful in that they have very low, if any
toxicity.

[0210] Formulations which may be suitable for the pharmaceutical compositions of the
present invention, particularly the nucleic acid based compositions, are taught in International
Publication WO2013/090648 (Application PCT/US2012/069610), the contents of which are
incorporated herein by reference in their entirety.

[0211] The formulations may comprise any amount of aptamers of the present invention or
a pharmaceutically acceptable salt thereof. As used herein, the term “pharmaceutically
acceptable salt” refers to salt forms of the active compound that are prepared with counter ions
that are non-toxic under the conditions of use and are compatible with a stable formulation.
Examples of pharmaceutically acceptable salts of aptamers include sodium salts,

hydrochlorides, sulfates, phosphates, acetates, fumarates, maleates and tartrates. The
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formulations may comprise any aptamer or a combination of aptamers that bind to the full
length of the polypeptide or a variant or a fragment thereof. The polypeptide may be from any
species, but is preferably from human.

[0212] The formulations also comprise a pharmaceutically acceptable solvent. As used
herein, the term “pharmaceutically acceptable solvent” refers to being compatible with the
other ingredients of the formulation and not deleterious to the recipient thereof.
Pharmaceutically acceptable solvents are well known in the art. Examples of pharmaceutically
acceptable solvents can be found, for example, in Goodman and Gillmans, 7%e
Pharmacological Basis of Therapeutics, latest edition, the contents of which are incorporated
herein by reference in their entirety. Preferably, the pharmaceutically acceptable solvent is
selected from the group consisting of 0.9% saline (also known as physiological saline or sterile
isotonic saline solution) or phosphate buffered saline. Most preferably, the pharmaceutically
acceptable solvent is 0.9% saline.

[0213] The formulations may comprise any amount of pharmaceutically acceptable solvent.
[0214] Various embodiments of the formulations may, optionally, include one or more of
the following: buffer, pH adjuster, tonicity agent, cosolvent or pharmaceutically acceptable
carrier.

[0215] In some embodiments, the formulations may further comprise a buffer. A buffer is
any substance that, when added to a solution, is capable of neutralizing both acids and bases
without appreciably changing acidity or alkalinity of the solution. Examples of buffers include,
but are not limited to, pharmaceutically acceptable salts and acids of acetate, glutamate, citrate,
tartrate, benzoate, lactate, histidine or other amino acids, gluconate, phosphate, malate,
succinate, formate, propionate and carbonate.

[0216] In some embodiments, the formulations may further comprise a pH adjuster. A pH
adjuster is used to adjust the pH of the formulation. Suitable pH adjusters typically include at
least an acid or a salt thereof and/or a base or a salt thereof. Acids and bases can be added on
an as needed basis in order to achieve a desired pH. For example, if the pH is greater than the
desired pH, an acid may be used to lower the pH to the desired pH. Examples of acids include,
but are not limited to, hydrochloric acid, phosphoric acid, citric acid, ascorbic acid, acetic acid,
sulphuric acid, carbonic acid and nitric acid. By way of another example, if the pH is less than
the desired pH, a base can be used to adjust the pH to the desired pH. Examples of bases
include, but are not limited to, sodium hydroxide, potassium hydroxide, calcium hydroxide,
sodium carbonate, sodium citrate, sodium acetate and magnesium hydroxide.

[0217] In some embodiments, the formulations may further comprise a tonicity agent.

Tonicity agents are used to adjust the osmolality of the formulations in order to bring them
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closer to the osmotic pressure of body fluids, such as blood or plasma. Examples of tonicity
agents include, but are not limited to, anhydrous or hydrous forms of sodium chloride,
dextrose, sucrose, xylitol, fructose, glycerol, sorbitol, mannitol, potassium chloride, mannose,
calcium chloride, magnesium chloride and other inorganic salts.

[0218] In some embodiments, the formulations may further comprise a cosolvent. A
cosolvent is a solvent that is added to the aqueous formulation in a weight amount that is less
than that of water and assists in the solubilization of the aptamer. Examples of cosolvents
include, but are not limited to, glycols, ethanol and polyhydric alcohols.

[0219] In some embodiments, the formulations may further comprise a pharmaceutically
acceptable carrier. As used herein, the term “pharmaceutically acceptable carrier” refers to
being compatible with the other ingredients of the formulation and not deleterious to the
recipient thereof. Pharmaceutically acceptable carriers are well known in the art. Examples of
pharmaceutically acceptable carriers can be found, for example, in Goodman and Gillmans,
The Pharmacological Basis of Therapeutics, latest edition.

[0220] The formulations described herein are stable. The term “stable”, as used herein,
means remaining in a state or condition that is suitable for administration to a patient.

[0221] The formulations are, preferably, substantially pure. As used herein, “substantially
pure” means that the active ingredient (aptamer) is the predominant species present (i.e., on a
molar basis it is more abundant than any other individual species in the composition), and
preferably a substantially purified fraction is a composition wherein the active ingredient
comprises at least about 50 percent (on a molar basis) of all macromolecular species present.
Generally, a substantially pure composition will comprise more than 80% of all
macromolecular species present in the composition, more preferably more than 85%, 90%,
95% and 99%. Most preferably, the active ingredient is purified to essential homogeneity
(contaminant species cannot be detected in the composition by conventional detection
methods) wherein the composition consists essentially of a single macromolecular species.
Dosing

[0222] Compositions in accordance with the invention are typically formulated in dosage
unit form for ease of administration and uniformity of dosage. It will be understood, however,
that the total daily usage of the compositions of the present invention may be decided by the
attending physician within the scope of sound medical judgment. The specific therapeutically
effective, prophylactically effective, or appropriate imaging dose level for any particular
patient will depend upon a variety of factors including the disorder being treated and the
severity of the disorder; the activity of the specific compound employed; the specific

composition employed; the age, body weight, general health, sex and diet of the patient; the
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time of administration, route of administration, and rate of excretion of the specific compound
employed; the duration of the treatment; drugs used in combination or coincidental with the
specific compound employed; and like factors well known in the medical arts.

[0223] In certain embodiments, compositions in accordance with the present invention may
be administered at dosage levels sufficient to deliver from about 0.0001 mg/kg to about 100
mg/kg, from about 0.001 mg/kg to about 0.05 mg/kg, from about 0.005 mg/kg to about 0.05
mg/kg, from about 0.001 mg/kg to about 0.005 mg/kg, from about 0.05 mg/kg to about 0.5
mg/kg, from about 0.01 mg/ml to about 0.5 mg/kg, from about 0.01 mg/kg to about 50 mg/kg,
from about 0.1 mg/kg to about 40 mg/kg, from about 0.5 mg/kg to about 30 mg/kg, from about
0.01 mg/kg to about 10 mg/kg, from about 0.1 mg/kg to about 10 mg/kg, or from about 1
mg/kg to about 25 mg/kg, of subject body weight per day, one or more times a day, to obtain
the desired therapeutic, diagnostic, prophylactic, or imaging effect. The desired dosage may
be delivered three times a day, two times a day, once a day, every other day, every third day,
every week, every two weeks, every three weeks, or every four weeks. In certain
embodiments, the desired dosage may be delivered using multiple administrations (e.g., two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, or more
administrations).

[0224] In some embodiments, the total dose of aptamers is administered so as to achieve
and then maintain a steady state blood concentration equal to at least the ECoo, which is the
concentration of drug that leads to 90% maximal response. Alternatively, the total dose of
aptamers is administered so as to achieve and then maintain a steady state blood concentration
equal to at least the ECso, which is the concentration of drug that leads to 80% maximal
response.

[0225] The total dosage may be administered in a single dose, multiple doses, repeated
doses, as a continual dose or a combination thereof.

[0226] In one instance, the formulations are administered with a loading dose, a
maintenance dose and a tapered dose.

[0227] The dosage regimen utilizing the compounds is selected in accordance with a variety
of factors including type, species, age, weight, sex and medical condition of the patient; the
severity of the condition to be treated; the route of administration; the renal and hepatic
function of the patient; and the particular compound or salt thereof employed. An ordinarily
skilled physician or veterinarian can readily determine and prescribe the effective amount of
the drug required to prevent, counter or arrest the progress of the condition.

[0228]  Oral dosages of the present invention, when used for the indicated effects, will range

between about 0.05 to 1000 mg/day orally. The compositions are preferably provided in the
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form of scored tablets containing 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100.0, 250.0, 500.0
and 1000.0 mg of active ingredient. Effective plasma levels of the compounds of the present
invention range from 0.002 mg to 50 mg per kg of body weight per day.

[0229] Compounds of the present invention may be administered in a single daily dose, or
the total daily dosage may be administered in divided doses of two, three or four times daily.
[0230] The formulations and dosages described herein are designed to maximize clinical
efficacy in the treatment of VAD-mediated diseases and for disorders arising from interactions
of VWF multimers with erythrocytes, such as the interaction that occurs between VWF
multimers and erythrocytes in sickle cell disease, as well as the treatment of diseases and
disorders arising from interactions of VWF monomers or multimers with platelets during the
formation of occlusive thrombi that occurs during closing of the lumen of a vessel and/or
under very high shear rates (10,000 s™! or greater) (such as the disorders of acute coronary
syndromes, acute occlusion thrombosis, and ischemic stroke), while simultaneously decreasing
or minimizing adverse side effects, without the need for an antidote.

Administration

[0231] A pharmaceutical composition described herein can be formulated into a dosage
form described herein, such as a topical, intranasal, intratracheal, or injectable (e.g.,
intravenous, intraocular, intravitreal, intramuscular, intracardiac, intraperitoneal,
subcutaneous).

[0232] The aptamer formulations provided herein are administered to subjects, preferably
human subjects, in an amount effective to prevent, ameliorate or treat thrombotic disorders
such as ischemic stroke, diseases or disorders associated with ventricular assist devices and
disorders arising from interactions of VWF multimers with erythrocytes, such as the
interaction that occurs between VWF multimers and erythrocytes in sickle cell disease.

[0233] For oral administration in the form of a tablet or capsule (e.g., a gelatin capsule), the
active drug component can be combined with an oral, non-toxic pharmaceutically acceptable
inert carrier such as ethanol, glycerol, water and the like. Moreover, when desired or
necessary, suitable binders, lubricants, disintegrating agents and coloring agents can also be
incorporated into the mixture. Suitable binders include starch, magnesium aluminum silicate,
starch paste, gelatin, methylcellulose, sodium carboxymethylcellulose and/or
polyvinylpyrrolidone, natural sugars such as glucose or beta-lactose, corn sweeteners, natural
and synthetic gums such as acacia, tragacanth or sodium alginate, polyethylene glycol, waxes
and the like. Lubricants used in these dosage forms include sodium oleate, sodium stearate,
magnesium stearate, sodium benzoate, sodium acetate, sodium chloride, silica, talcum, stearic

acid, its magnesium or calcium salt and/or polyethyleneglycol and the like. Disintegrators
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include, without limitation, starch, methyl cellulose, agar, bentonite, xanthan gum starches,
agar, alginic acid or its sodium salt, or effervescent mixtures, and the like. Diluents, include,
e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine.

[0234] The compounds of the invention can also be administered in such oral dosage forms
as timed release and sustained release tablets or capsules, pills, powders, granules, elixirs,
tinctures, suspensions, syrups and emulsions.

[0235] Injectable compositions are preferably aqueous isotonic solutions or suspensions,
and suppositories are advantageously prepared from fatty emulsions or suspensions. The
compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing,
wetting or emulsifying agents, solution promoters, salts for regulating the osmotic pressure
and/or buffers. In addition, they may also contain other therapeutically valuable substances.
The compositions are prepared according to conventional mixing, granulating or coating
methods, respectively, and contain about 0.1 to 75%, preferably about 1 to 50%, of the active
ingredient.

[0236] Liquid, particularly injectable compositions can, for example, be prepared by
dissolving, dispersing, etc. The active compound is dissolved in or mixed with a
pharmaceutically pure solvent such as, for example, water, saline, aqueous dextrose, glycerol,
ethanol, and the like, to thereby form the injectable solution or suspension. Additionally, solid
forms suitable for dissolving in liquid prior to injection can be formulated. Injectable
compositions are preferably aqueous isotonic solutions or suspensions. The compositions may
be sterilized and/or contain adjuvants, such as preserving, stabilizing, wetting or emulsifying
agents, solution promoters, salts for regulating the osmotic pressure and/or buffers. In addition,
they may also contain other therapeutically valuable substances.

[0237] The compounds of the present invention can be administered in intravenous (both
bolus and infusion), intraperitoneal, subcutaneous or intramuscular form, all using forms well
known to those of ordinary skill in the pharmaceutical arts. Injectables can be prepared in
conventional forms, either as liquid solutions or suspensions. In particular, the materials of the
present invention can be delivered to the ocular cavity with the methods described below. In
addition, the materials of the present invention can be administered to subjects in the
modalities known in the art as described below.

[0238] Parenteral injectable administration is generally used for subcutaneous,
intramuscular or intravenous injections and infusions. Additionally, one approach for
parenteral administration employs the implantation of a slow-release or sustained-release
systems, which assures that a constant level of dosage is maintained, according to U.S. Pat.

No. 3,710,795, incorporated herein by reference.
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[0239]  Furthermore, preferred compounds for the present invention can be administered in
intranasal form via topical use of suitable intranasal vehicles, or via transdermal routes, using
those forms of transdermal skin patches well known to those of ordinary skill in that art. To be
administered in the form of a transdermal delivery system, the dosage administration will, of
course, be continuous rather than intermittent throughout the dosage regimen. Other preferred
topical preparations include creams, ointments, lotions, aerosol sprays and gels, wherein the
concentration of active ingredient would range from 0.1% to 15%, w/w or w/v.

[0240]  For solid compositions, excipients include pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate, sodium saccharin, talcum, cellulose, glucose, sucrose,
magnesium carbonate, and the like may be used. The active compound defined above, may be
also formulated as suppositories using for example, polyalkylene glycols, for example,
propylene glycol, as the carrier. In some embodiments, suppositories are advantageously
prepared from fatty emulsions or suspensions.

[0241] The compounds of the present invention can also be administered in the form of
liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and
multilamellar vesicles. Liposomes can be formed from a variety of phospholipids, containing
cholesterol, stearylamine or phosphatidylcholines.

[0242] The compounds of the present invention may also be coupled with soluble polymers
as targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran copolymer,
polyhydroxypropyl-methacrylamide-phenol, polyhydroxyethylaspanamidephenol, or
polyethyleneoxidepolylysine substituted with palmitoyl residues. Furthermore, the compounds
of the present invention may be coupled to a class of biodegradable polymers useful in
achieving controlled release of a drug, for example, polylactic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates
and cross-linked or amphipathic block copolymers of hydrogels.

[0243] If desired, the pharmaceutical composition to be administered may also contain
minor amounts of non-toxic auxiliary substances such as wetting or emulsifying agents, pH
buffering agents, and other substances such as for example, sodium acetate, triethanolamine
oleate, etc.

[0244] The formulations may be administered in combination with other drugs or therapies.
Bioavailability

[0245]  As used herein, the term “bioavailability” refers to the systemic availability of a
given amount of a VWF protective agent administered to a subject. Bioavailability can be
assessed by measuring the area under the curve (AUC) or the maximum serum or plasma

concentration (Cmax) of the unchanged form of a compound following administration of the
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compound to a subject. AUC is a determination of the area under the curve plotting the serum
or plasma concentration of a compound along the ordinate (Y-axis) against time along the
abscissa (X-axis). Generally, the AUC for a particular compound can be calculated using
methods known to those of ordinary skill in the art and as described in G. S. Banker, Modern
Pharmaceutics, Drugs and the Pharmaceutical Sciences, v. 72, Marcel Dekker, New York,
Inc., 1996, the contents of which are incorporated herein by reference in their entirety. The
Cmax value is the maximum concentration of the compound achieved in the serum or plasma of
a subject following administration of the compound to the subject. The Cmax value of a
particular compound can be measured using methods known to those of ordinary skill in the
art.

[0246] In some embodiments, VWF protective agents of the present invention are
formulated into a composition with a delivery/formulation agent or vehicle as described herein
to increase bioavailability. The phrases “increasing bioavailability” or “improving the
pharmacokinetics,” as used herein mean that the systemic availability of a VWF protective
agent, measured as AUC, Cmax, or Cmin in a subject is greater, when co-administered with a
delivery agent as described herein, than when such co-administration does not take place. In
some embodiments, the bioavailability of the VWF protective agent can increase by at least
about 2%, at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least
about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at
least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
95%, or about 100%.

V. Kits, Devices and Packaging

Kits and Devices

[0247] The VWF protective agent compounds and compositions of the present invention
may be combined with other ingredients or reagents or prepared as components of kits or other
retail products for commercial sale or distribution.

[0248]  The kit will contain the compound or composition, along with instructions regarding
administration and/or use of the kit. The kit may also contain one or more of the following: a
syringe, an intravenous bag or bottle, the same drug in a different dosage form, or another
drug. For example, the kit may contain both an intravenous formulation and a subcutaneous
formulation of the present invention. Alternatively, the kit may contain lyophilized anti-
thrombin aptamer and an intravenous bag of solution. The kit form is particularly
advantageous when the separate components must be administered in different dosage forms

(i.e., parenteral and oral) or are administered at different dosage intervals.
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[0249]  Preferably, the kits are stored at 53 °C. The kits can also be stored at room
temperature or frozen at -20 °C.

[0250] The compositions of the present invention which are VWF protective agents may be
used in conjunction with one or more therapeutic devices. Such devices include vascular assist
devices (VAD:s), stents, or any device useful in the regulation or management of
hemodynamic flow, e.g., associated with blood flow to tissues or organs. The VWF protective
agents may be used as coatings on solid surfaces or as adjunct therapy where the
pharmaceutical compositions are added in solid or liquid form before, during or after
utilization of a device used in the regulation or management of hemodynamic flow. For
example, VWF aptamers may be formulated to be added to the blood or plasma flow during
surgical procedures such as transplants, angioplasty, and stent insertion or during long-term
care such as those patients having internal VAD or LVAD devices implanted.

Packaging

[0251] Formulations and/or compositions of VWF protective agents of the present
invention can be packaged for use in a variety of pharmaceutically acceptable containers using
any pharmaceutically acceptable container closure, as the formulations are compatible with
PVC-containing and PVC-free containers and container closures. Examples of
pharmaceutically acceptable containers include, but are not limited to, ampules, pre-filled
syringes, intravenous bags, intravenous bottles and admix bags. For example, the formulation
may be an aqueous formulation containing both anti-thrombin aptamer and pharmaceutically
acceptable solvent.

[0252]  Alternatively, the formulation may contain lyophilized aptamer in one compartment
of an admix bag and a pharmaceutically acceptable solvent in a separate compartment of the
admix bag such that the two compartments may be mixed together prior to administration to a
patient. Pharmaceutically acceptable containers are well known in the art and commercially
available. Preferably, the formulations are stored in a Type 1 glass vial with a butyl rubber
stopper. The formulations in liquid form must be stored in a refrigerated environment.
Preferably, the liquid formulations are stored at 2-8 °C. Alternatively, the lyophilized
formulations may be stored at room temperature, or refrigerated or frozen.

[0253]  Preferably, the formulations are sterile. A “sterile” formulation, as used herein,
means a formulation that has been brought to a state of sterility and has not been subsequently
exposed to microbiological contamination, i.e., the container holding the sterile composition
has not been compromised. Sterile compositions are generally prepared by pharmaceutical
manufacturers in accordance with current Good Manufacturing Practice (“cGMP”) regulations

of the U.S. Food and Drug Administration.
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[0254]  Procedures for filling pharmaceutical formulations in pharmaceutically acceptable
containers, and their subsequent processing are known in the art. These procedures can be used
to produce sterile pharmaceutical drug products often required for health care. See, e.g., Center
for Drug Evaluation and Research (CDER) and Center for Veterinary Medicine (CVM),
“Guidance for Industry for the Submission Documentation for Sterilization Process Validation
in Applications for Human and Veterinary Drug Products” (November 1994). Examples of
suitable procedures for producing sterile pharmaceutical drug products include, but are not
limited to, terminal moist heat sterilization, ethylene oxide, radiation (i.e., gamma and electron
beam) and aseptic processing techniques. Any one of these sterilization procedures can be
used to produce the sterile pharmaceutical formulations described herein.

[0255] In some embodiments, sterile pharmaceutical formulations can be prepared using
aseptic processing techniques. Sterility is maintained by using sterile materials and a controlled
working environment. All containers and apparatus are sterilized, preferably by heat
sterilization, prior to filling. Then, the container is filled under aseptic conditions, such as by
passing the composition through a filter and filling the units. Therefore, the formulations can
be sterile filled into a container to avoid the heat stress of terminal sterilization.

[0256] In some embodiments, the formulations are terminally sterilized using moist heat.
Terminal sterilization can be used to destroy all viable microorganisms within the final, sealed
container containing the pharmaceutical formulation. An autoclave is typically used to
accomplish terminal heat-sterilization of drug products in their final packaging. Typical
autoclave cycles in the pharmaceutical industry to achieve terminal sterilization of the final
product are 121 °C for at least 10 minutes.

Equivalents and Scope

[0257] Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments in accordance with the
invention described herein. The scope of the present invention is not intended to be limited to
the above Description, but rather is as set forth in the appended claims.

(13 2% C¢C
a.

[0258] In the claims, articles such as an,” and “the” may mean one or more than one
unless indicated to the contrary or otherwise evident from the context. Claims or descriptions
that include “or” between one or more members of a group are considered satisfied if one,
more than one, or all of the group members are present in, employed in, or otherwise relevant
to a given product or process unless indicated to the contrary or otherwise evident from the
context. The invention includes embodiments in which exactly one member of the group is

present in, employed in, or otherwise relevant to a given product or process. The invention
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includes embodiments in which more than one, or all of the group members are present in,
employed in, or otherwise relevant to a given product or process.

[0259] It is also noted that the term “comprising” is intended to be open and permits but
does not require the inclusion of additional elements or steps. When the term “comprising” is
used herein, the term “consisting of” is thus also encompassed and disclosed.

[0260] Where ranges are given, endpoints are included. Furthermore, it is to be understood
that unless otherwise indicated or otherwise evident from the context and understanding of one
of ordinary skill in the art, values that are expressed as ranges can assume any specific value or
subrange within the stated ranges in different embodiments of the invention, to the tenth of the
unit of the lower limit of the range, unless the context clearly dictates otherwise.

[0261] Where the term “about” is used, it is understood to reflect +/- 10% of the recited
value.

[0262] In addition, it is to be understood that any particular embodiment of the present
invention that falls within the prior art may be explicitly excluded from any one or more of the
claims. Since such embodiments are deemed to be known to one of ordinary skill in the art,
they may be excluded even if the exclusion is not set forth explicitly herein. Any particular
embodiment of the compositions of the invention (e.g., any nucleic acid; any method of
production; any method of use; etc.) can be excluded from any one or more claims, for any
reason, whether or not related to the existence of prior art.

[0263]  All cited sources, for example, references, publications, databases, database entries,
and art cited herein, are incorporated into this application by reference, even if not expressly
stated in the citation. In case of conflicting statements of a cited source and the instant
application, the statement in the instant application shall control.

[0264]  Section and table headings are not intended to be limiting,

EXAMPLES

Example 1. Preparation of nucleic acid aptamers

[0265] Nucleic acid aptamers were synthesized on an AKTA Oligopilot (Amersham
Pharmacia Biotech, Piscataway, NJ) using standard phosphoramidite solid-phase chemistry.
Phosphoramidites were acquired from Hongene Biotechnology Limited, Shanghai, P.R. China.
BT-100 (SEQ ID NO: 2) was synthesized with a free amine group attached to the 5’-end
through a six carbon-linker.

[0266] To prepare BT-200 (SEQ ID NO: 3), BT-100 was first purified through anion-
exchange and ultrafiltration before dissolved in 100 mM sodium bicarbonate buffer (pH 8.0) at
10 mg/mL concentration. The purified BT-100 was then mixed with NHS activated branched
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40K-PEG (Catalog number Y-NHS-40K, JenKem Technology USA Inc, Plano, TX) at the

molar ratio of BT-100 to NHS activated branched 40K-PEG to 1:2. The reaction proceeded
overnight at the room temperature. The resultant was then purified through anion-exchange
and ultrafiltration to get rid of unconjugated 40K-PEG and BT-100, and BT-200 was obtained.
[0267] ARCI15105 (PEGylated) (SEQ ID NO: 6) was prepared as described previously in
Siller-Matula JM, Merhi Y, Tanguay JF et al. ARC' 15105 Is a Potent Antagonist of Von
Willebrand Factor Mediated Platelet Activation and Adhesion. Arteriosclerosis, Thrombosis,
and Vascular Biology 2012; 32(4):902-909, the contents of which are incorporated herein by
reference in its entirety.

[0268] Synthesized BT-100 or BT-200 were predicted to naturally form a stem-loop
structure (as shown in Fig. 1) when dissolved in aqueous based buffer solution. This was

confirmed by several secondary structural prediction models such as Mfold.

Example 2. Vascular assist device (VAD) circuit analysis: VWF multimers

[0269] Human volunteers donated blood which was split into two aliquots, so that two
extracorporeal circuits could be run in parallel, which would permit intra-subject comparison.
In addition to inter-subject comparisons.

[0270] In vitro extracorporeal circuits were established using left ventricular assist devices
(HEARTWARE®) and silicone tubing with blood inlets and outlets. The pump speed was
varied between 1800 and 3500 rounds per minute (rpm), and the circulating blood volume was
adjusted to approximately 5 liters per minute, to correspond to normal physiologic settings for
humans. Anticoagulated blood was left circulating for 1-4 hours in the extracorporeal circuits.
[0271]  Parallel LVAD circuits were run for 2 hours and a minimum of two samples from
each circuit were utilized (baseline followed by 2h). Circuits were run at 37°C. The data are
shown in Fig. 3.

[0272] Von Willebrand factor multimers were analyzed as described previously (Jilma-
Stohlawetz P, et al., The anti-von Willebrand factor aptamer ARC1779 increases von
Willebrand factor levels and platelet counts in patients with type 2B von Willebrand disease.
Thromb Haemost. 2012 Aug;108(2):284-90, the contents of which are incorporated herein by
reference in their entirety).

[0273] Quantification of VWF multimers was performed by sodium dodecyl sulphate-
agarose discontinuous gel (1.2%) electrophoresis followed by Western-Blotting and
consequent quantification with a luminescence image analyzer (LAS-3000, Raytest GmbH,
Berlin, Germany) (Reiter RA, et al., Changes in ADAMTS13 (von-Willebrand-factor-cleaving

protease) activity after induced release of von Willebrand factor during acute systemic
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inflammation. Thromb Haemost. 2005 Mar;93(3):554-8, the contents of which are

incorporated herein by reference in their entirety).

[0274]  Final analysis was performed using AIDA Image Analyzer software version 4.11.
[0275] Inthe Figure, lanes 1 and 10 are normal plasma (George King Bio-Medical Inc.).
[0276] Density analysis of the gels showed that a reduction by 6 mers corresponds to a
reduction of 24.9 units to 5.3 or 3.3 units or 87% overall.

[0277] In adirect comparison between BT-100 (non-pegylated) and ARC15105 (pegylated
molecule), the gel density was reduced from 23 to 5 (by 78%; compare lanes 9 and 8) under
ARCI15105 (pegylated) as compared to baseline and from 12.6 to 11.5 (by 8%; compare lanes
7 and 6) with BT-100, indicating that BT-100 is able to preserve 92% of the high molecular
weight multimer structure.

[0278] In asecond volunteer, the density on the gel was reduced from 10.0 to 3.6 (by 64%;
compare lanes 5 and 4) with ARC15105 (pegylated) as compared to baseline, and from 13.8 to
10.8 (by 22%; compare lanes 3 and 2) with BT-100. From these data it is clear that BT-100 is
able to blunt the loss of HMW (high molecular weight) VWF species.

Summary

[0279]  The ex vivo extracorporeal circuits established proof of concept for a potential
therapeutic role of BT-100 in patients with left ventricular assist devices (LVAD) and VWF
deficiency syndromes. Circulation of blood in the extracorporeal circuits induced a rapid drop
in VWF:RCo and reduced high molecular weight multimers of VWF, resembling the
pathophysiological events that occur when an LVAD is implanted into humans.

[0280] Up to 14-15 mers were visible in the gels, which were reduced by the high shear
stress by a maximum of 6-7 mers to 8 mers. This loss in high molecular weight multimers was
significantly blunted by BT-100, whereas equimolar concentrations of ARC15105 did not

reduce the maximal loss in multimers.

Example 3. Von Willebrand Ristocetin Cofactor [VWF:RCo] assay

[0281] The Von Willebrand Ristocetin Cofactor [vVWF:RCo] assay measures the ability of a
patient’s plasma to agglutinate platelets in the presence of the antibiotic Ristocetin. The rate of
Ristocetin induced agglutination is related to the concentration and functional activity of the
plasma Von Willebrand Factor.

[0282] Plasma activity of VWF ristocetin cofactor activity (VWEF:RCo; primary endpoint)
was assayed at 37°C by turbidometry.

[0283] Plasma was pre-incubated with BT-100 or ARC15105 (pegylated) at 37°C

approximately 10 minutes prior to the addition of activating reagent, ristocetin. The assay was
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conducted (BC von Willebrand reagent; Dade Behring/Siemens, Marburg, Germany) (Reiter
RA, et al., Desmopressin antagonizes the in vitro platelet dysfunction induced by GPIIb/llla
inhibitors and aspirin. Blood 2003; 102: 4594-4599, the contents of which are incorporated
herein by reference in their entirety).

[0284] In a second experiment, whole blood aggregation was determined using multiple
electrode aggregometry (MEA) on a new-generation impedance aggregometry (Multiplate
Analyzer, Dynabyte) (Derhaschnig U, Jilma B. Assessment of platelets and the endothelium in
patients presenting with acute coronary syndromes--is there a future? Thromb Haemost 2009;
102: 1144-1148, the contents of which are incorporated herein by reference in their entirety).
[0285] The system detects the electrical impedance change due to the adhesion and
aggregation of platelets on two independent electrode-set surfaces in the test cuvette. The area
under the aggregation curve (AUC) expresses the aggregation response over the measured
time (AU % min) which can predict adverse outcome of patients and even bleeding (Sibbing D,
et al., Antiplatelet effects of clopidogrel and bleeding in patients undergoing coronary stent
placement. ] Thromb Haemost 2010; 8: 250-256; and Siller-Matula JM et al., Cross validation
of the Multiple Electrode Aggregometry. A prospective trial in healthy volunteers. Thromb
Haemost 2009; 102: 397-403, the contents of which each are incorporated herein by reference
in their entirety).

[0286] A number of specific Multiplate test reagents (ASPItest, COLtest, TRAPtest,
ADPtest, RISTOtest) are available, which permit detection of the role of different
receptors/signal transduction pathways (arachidonic acid [AA], thrombin receptor, ADP
receptor, collagen receptor, glycoprotein Ib-IX) in platelet activation.

[0287] Whole blood was anti-coagulated with hirudin (200 U/ml, Dynabyte) as
recommended by the manufacturer and stored at room temperature (22°C) for 30 minutes
(min). Afterwards, 1:2 mixtures of 0.9% NaCl and hirudin-anticoagulated blood were stirred at
37°C for 3 min in the test cuvettes. Whole blood was pre-incubated with BT-100 or
ARCI15105 (pegylated) at 37°C approximately 10 minutes prior to the addition of activating
reagent, ristocetin. Thereafter, ristocetin (0.77 mg/ml) was added to separate samples to
establish concentration-effect curves. The increase in electrical impedance was recorded
continuously for 6 min. The mean values of the two independent determinations are expressed
as the AUC of the aggregation tracing. The MEA instrument allows two ways to express the
AUC: as arbitrary aggregation units (AU x min) or as units (U). Ten AU x min correspond to
1 U. AUC was measured in U, following the current recommendation of the manufacturer and
many recent studies and expressed platelet aggregation as relative increase or decrease as

compared to baseline values. The data are given in Tables 1 and 2.
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[0288] The data show that both aptamers (BT-100 and ARC15105 (pegylated)) inhibited
von Willebrand Factor ristocetin co-factor activity. At equimolar concentrations BT-100
exhibited greater potency to inhibit VWEF:RCo in both pre-and post-arterial block scenarios.

Table 1: Multiplate Analysis

Treatment A B C D
RISTO RISTO | RISTO RISTO RISTO
Multiplate baselin BT-100 BT-100 | ARC15105 | ARC15105
asene | >saM | 100nM | 250M 100 nM
Sample #1 before arterial block
AUC (area under curve) 87 > 2 >6 >6
Sample #1 after arterial block
AUC (area under curve) 105 20 4 >6 >0
Table 2: Dose Comparisons
Subject 1 Subject 2 Subject 3
BT-100 ARC15105 BT-100 ARC15105 BT-100 ARC15105
Baseline 87 87 88 88 107 107
25 nM ND ND ND ND 14 115
50 nM 5 56 4 83 8 101
100 nM 2 50 5 69 4 94
200 nM ND ND 2 61 ND ND
*data represent area under the aggregation curve

[0289] In Ristocetin induced platelet aggregation in whole blood, BT-100 concentrations of
25-50 nM produced 90% inhibition, whereas up to 16-fold higher concentrations of
ARCI15105 (pegylated) were necessary to reach 90% inhibition (p<0.05). These data clearly
demonstrate, surprisingly, that BT-100 outperforms ARC15105.

[0290] Comparisons between BT-100 and ARC15105 show that BT-100 is up to 25-fold
more potent, with an overall average of 10-fold (Compare treatment columns A to C and B to

D).

Example 4. Platelet function analvzer (PFA-100)
[0291]

The PFA-100 (Dade Behring, Marburg, Germany) was used for measuring platelet
function under high shear rates (5,000—-6,000s1). 4.5 mL blood samples were collected into
blood collection tubes containing 3.8% sodium citrate (blood: sodium citrate ratio=9:1). The
PFA-100 measures the time required for occlusion of the aperture by platelet plugs, which is
defined as closure time (CT). The instrument aspirates a blood sample under constant vacuum
from the sample reservoir through a capillary and a microscopic aperture (147 um) cut into the
membrane, which leads to high shear induced platelet plug formation (Jilma et al. 2001). The
membrane is coated with collagen/adenosine diphosphate (CADP), which are very sensitive to
von Willebrand factor levels. This applies to a deficiency in VWF, its blockade by anti-VWF

aptamers as well as VWF release, e.g. by desmopressin or endotoxin (Jilma B. Platelet
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Sfunction analyzer (PFA-100): a tool to quantify congenital or acquired platelet dysfunction. J

Lab Clin Med 2001; 138: 152—163; Jilma-Stohlawetz et al. 2012; Reiter et al. 2003; Homoncik
M, Blann AD, Hollenstein U, Pernerstorfer T, Eichler HG, Jilma B. Systemic inflammation
increases shear stress-induced platelet plug formation measured by the PFA-100. BrJ
Haematol. 2000 Dec;111(4):1250-2; and Homoncik M, Jilma B, Hergovich N, Stohlawetz P,
Panzer S, Speiser W. Monitoring of aspirin (ASA) pharmacodynamics with the platelet
Sfunction analyzer PI'A-100. Thromb Haemost. 2000 Feb;83(2):316-21, the contents of each of
which are incorporated herein by reference in their entirety).
[0292] Since a good correlation exists between VWF levels and PFA-100 measurements,
the test is predictive for future thromboembolic events in cardiac patients (Frossard M, Fuchs
I, Leitner JM, et al. Platelet function predicts myocardial damage in patients with acute
myocardial infarction. Circulation 2004; 110: 1392—-1397; Fuchs I, Frossard M, Spiel A, et al.
Platelet function in patients with acute coronary syndrome (ACS) predicts recurrent ACS. J
Thromb Haemost 2006; 4: 25472552, the contents of which are both incorporated by
reference in their entirety).
[0293] In this experiment, blood samples were pre-incubated at 37 °C for 10 min with
increasing concentrations (ranging from 1-400 nM) of ARC15105 (pegylated) or BT-100.
Both anti-VWF aptamers concentration-dependently increased collagen adenosine diphosphate
closure-times in the PFA-100, but half maximal inhibitory concentration (ICso) values were 3-
8 fold higher for ARC15105 (pegylated) as compared to BT-100 (p<0.05). Similarly, IC100
values were 2-16-fold higher for ARC15105 (pegylated) as compared to BT-100 (p<0.05).
The data are shown in Tables 3-6.
[0294] These experiments unequivocally established superior potency of BT-100 over
ARCI15105 (pegylated) at equimolar concentrations.

Table 3. PFA Results

PFA 100 0 nM 5 nM 10 nM 25 nM 50 nM 100 nM
BT-100 139 135 205 301 301 301
ARC15105 139 94 99 104 128 162
Table 4. PFA Results
Experiment A
Dose BT-100 ARC15105 native
0 nM 128
2 nM 184 ND
5 nM 156 ND
10 nM 123 129
15 nM 277 ND
20 nM 301 152
25 nM 301 ND
50 nM ND 204

66



WO 2018/213697 PCT/US2018/033376

Table 5. PFA Results

Experiment B
Dose BT-100 ARC15105 native

0 nM 112

1 nM 91 88

2.5nM 97 103

5 nM ND ND

10 nM 117 96

15 nM 226 118

20 nM 301 100

25 nM 276 112

50 nM 301 301

100 nM 208 236

Table 6. PFA Results

Experiment C
Dose BT-100 ARC15105 native

0 nM 90

1 nM 95 32

5nM 111 ND

10 nM 169 33

15 nM 183 91

20 nM 284 96

25 nM 301 109

50 nM 301 161

75 nM ND 223

100 nM ND 301

[0295] In the tables, closure time (in seconds) is given for each treatment. Aggregation is
quantified by measuring the time of aperture closure, with a maximum occlusion time of 300
seconds. “Native” refers to normal donor samples that have not been treated, which establishes

the “normal” reference level of assay result; “ND” means not tested.

Example S. Disruption of Gplb and von Willebrand factor binding
[0296] The fully-automated INNOVANCE® Gplb and VWF binding assay (VWF:Ac;

Siemens Healthcare Diagnostics, Marburg, Germany) measures the activity of von Willebrand
Factor in a patient plasma sample, based on the binding of VWF to a recombinant Gplb.
Unlike the vVWF:RCO assay described in Example 3, the VWF:Ac assay does not require the
use of ristocetin, since the recombinant Gplb has two gain-of-function mutations. An increase
in extinction by turbidometric measurements is related to increased VWF binding and
agglutination. Lawrie AS, et al., A comparative evaluation of a new automated assay for von
Willebrand factor activity. Haemophilia 2013 Mar;19(2):338-342; de Maistre E, et al.,

Performance of two new automated assays for measuring von Willebrand activity: HemoslIL
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AcuStar and Innovance. Throm Haemost. 2014(4), the contents of each of which are herein
incorporated by reference in their entirety.
[0297] Blood samples were collected from human volunteers. Samples were pre-incubated
at 37°C for 30 minutes with increasing concentrations of BT-100 or ARC15105.
[0298] VWF:Ac was measured using an INNOVANCE® VWF Activity kit on Sysmex
CS2000i-analyzer (Sysmex UK Ltd), per the manufacturer instructions.
[0299] Both aptamers were able to decrease binding activity of VWF and Gplb at high
concentrations, but BT-100 showed an enhanced potency as compared to AC15105, as shown
in Table 7.

Table 7. Percent (%) binding activity

Dose BT-100 ARC15105
8 nM 100 100
10 nM 100 100
30 nM 92 100
80 nM 31 98
100 nM 63 95
300 nM 40 90
800 nM 20 85

Example 6. Blocking the Interaction of Platelets, L.eukocyvtes and Ervthrocvtes to von
Willebrand factor
[0300] In this example, a VWF aptamer is investigated for the ability to block the

interaction of platelets, leukocytes, and erythrocytes to von Willebrand factor (VWF) strands
that are secreted from activated endothelial cells. The experiment makes use of human
components of a recently described in vitro microvessel system (/n vitro microvessels for the
study of angiogenesis and thrombosis. Proc. Natl. Acad. Sci. USA 2012, 109, 9342-9347, the
contents of which are herein incorporated by reference in their entirety), which demonstrates
the formation of very long, thick VWF strands and cables from activated endothelial cells.
These VWF strands are capable of binding platelets and other blood cells, depending on the
shear stresses applied. The experiment provides a model of microvascular occlusion in
thrombotic microangiopathies such as thrombotic thrombocytopenic purpura and sickle cell

disease and tests the ability of the anti-VWF aptamer to interfere with these processes.

Example 7. Prevention of GI Bleeding Caused by Angiodysplasia

[0301] In this experiment, a VWF aptamer is investigated in in vifro and in vivo models for
the ability to prevent or inhibit an increase in angiogenesis that causes angiodysplasia and

results in bleeding in the GI tract.
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[0302] A VWEF aptamer is contacted with Human Umbilical Vein Endothelial Cells

(HUVECS) and its ability to inhibit angiogenesis is evaluated. Evaluations are made of vessel
network formation, cell migration, cell proliferation and adhesion. Methods for these
evaluations are taught in, for example, Starke RD, et al., Endothelial von Willebrand factor
regulates angiogenesis. Blood, 2011, 117:1071-80, the contents of which are incorporated
herein by reference in their entirety.

[0303] To evaluate the effect of the VWF aptamer on the overall angiogenic process,
HUVECs contacted with VWF aptamer are subjected to in vifro tube formation in a Matrigel
assay, which demonstrates the ability of the VWF aptamer to interfere with network formation.
One aspect of angiogenesis is cell migration. A Scatch wound assay combined with time lapse
microscopy is used to assess the ability of the aptamer to inhibit migration. In this assay,
HUVEC cells contacted with the aptamer are evaluated for reduced velocity and directionality
of migration. Another aspect of angiogenesis is proliferation. Reduced proliferation of
HUVECs contacted with one or more VWF aptamers is measured as a decrease in the number
of cells as compared to the untreated control. Yet another aspect of angiogenesis is adhesion of
endothelial cells, which is measured in an adhesion assay. Using a commercially available kit
(Invitrogen), the inhibitory effect of the VWF aptamer on cell migration can be measured by
reduced fluorescence of bound cells in the wells.

[0304] ECs derived from circulating progenitor cells, called blood outgrowth endothelial
cells (BOECs), from healthy individuals and Von Willebrand’s Disease (VWD) patients are
isolated according to the methods described in Starke RD, et al., Endothelial von Willebrand
Jactor regulates angiogenesis. Blood, 2011, 117:1071-80 and Ingram DA, et al., Identification
of a novel hierarchy of endothelial progenitor cells using human peripheral and umbilical
cord blood. Blood 2004 104:2752-60, the contents of each of which are incorporated herein by
reference in their entirety. BOECs are used to evaluate the ability of the VWF aptamer to
affect a reduction in or rescue from the increased angiogenesis observed in BOECs from
VWD patients, as measured by matrix assay, migration, proliferation, and adhesion assays,
observed in the BOECs from VWD patients compared to BOECs from healthy controls.
[0305] Mouse models of angiogenesis (reviewed in Couffinhal et al., Mouse models to
study angiogenesis, vasculogenesis and arteriogenesis in the context of cardiovascular
diseases. Frontiers in Bioscience; 2009; 14:3310-25, the contents of which are herein
incorporated by reference in their entirety) include ischemic models, such as hindlimb
ischemia, heart ischemia and skin models, and non-ischemic models, such as matrigel plug
assays, disc assays, eye retina and corneal assays, wound healing and ovarian models. These

models are used to evaluate the effect of VWF aptamer delivery on angiogenesis in vivo. In the
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matrigel plug model, mice are injected with matrigel alone or containing VWF aptamer and
the model can be used as described in Couffinhal et al, 2009 and Starke et al, 2011, the
contents of each of which are incorporated herein by reference in their entirety, to evaluate the

effect of the aptamer on blood vessel formation in the matrigel plug.

Example 8. Prevention of Intracerebral Occlusive Thrombi (fibrin-rich clot formation)

[0306] Experiments are performed on adult, male Swiss mice at 2 months old. N=5-8
animals per group, including the following groups: control-thrombin (saline) and aptamer-
thrombin. The mice are housed in a temperature-controlled room on a 12-hour light/12-hour
dark cycle with food and water ad libitum. Animals are deeply anesthetized with isoflurane 5%
and, thereafter, maintained with 2.5% isoflurane in a 70%/30% mixture of NO2/Oz. A catheter
is inserted into the tail vein to allow the intravenous administration (200 uL) of saline or
aptamer. A micropipette is filled with 1 pL of purified murine alpha-thrombin (approximately
1000 NIH units/mg; Sigma-Aldrich). Mice are placed in a stereotaxic device, the skin between
the right eye and the right ear is incised, and the temporal muscle is retracted. A small
craniotomy is performed, the dura is excised, and the middle cerebral artery (MCA) is
exposed. 1 uL of purified murine alpha-thrombin (0.75 UI) is injected into the lumen of the
MCA to induce the formation of a clot in situ. The pipette is removed 10 minutes after the
injection of alpha thrombin to allow the clot to stabilize. To induce thrombolysis, the aptamer
is intravenously injected into the tail vein 20 minutes after the injection of alpha-thrombin. The
control group receives the same volume of saline under identical conditions.

[0307] Cerebral blood flow (CBF) is determined by laser Doppler flowmetry using a
fiberoptic probe (Oxford Optronix) glued to the skull in the MCA territory. CBF is measured
before the injection of alpha-thrombin (100% baseline) and throughout the duration of the
experiment. CBF in the MCA is measured in the presence or absence of aptamer at 1 min, 5
mins, 10 mins, 15 mins, 20 mins, 25 mins, 30 mins, and 60 mins after administration of
aptamer or saline. Showing that full occlusion occurs at a later time in the presence of aptamer
versus saline control demonstrates that the aptamer slows the rate of occlusion in the MCA.
Showing that full occlusion does not occur within 60 minutes indicates that the aptamer
prevents occlusive thrombi formation.

[0308] In addition, magnetic resonance angiographies are performed using 2D-TOF
sequences to measure blood flow (Gaubert et al., J. Thromb Haemost., 2013, the contents of
each of which are incorporated herein by reference in their entirety). Also, ischemic brain
damage in the MCA area can be assessed by magnetic resonance imaging (MRI) at 6 hours

and 24 hours following full occlusion. MRI is carried out on a Pharmascan 7 T/12 cm system
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using surface coils to determine lesion size, which is quantified on T2 weighted images using
ImagelJ software. A reduction in lesion size in mice treated with aptamer compared with the
lesion size of saline-treated mice indicates that the aptamer prevents or decreases occlusive

thrombi formation.

Example 9. Prevention of Intracerebral Occlusive Thrombi (platelet-rich clot formation)

[0309] Experiments are performed on adult, male Swiss mice at 2 months old, N=5-8
animals per group. Mice are anesthetized with 5% isoflurane (Baxter, Paris, France), placed in
a stereotaxic device and maintained under anesthesia for up to 2 hours with 2% isoflurane in
a 70%/30% mixture of N»O/O,. The masseter muscle is excised through a skin incision
between the right eye and ear, and a small craniotomy (diameter, 1 mm) is performed on the
parietal bone to expose the right middle cerebral artery (MCA). Thrombus induction is
achieved by placing a piece of WHATMANT™ filter paper strip soaked in freshly prepared
FeCls (5% to 20%, Sigma Aldrich, Lisle d’Abeau, France) on the intact dura mater, on top
of the MCA for 4 minutes. Previous studies in mice have shown that 5% FeCls fails to
induce thrombosis, while 10% FeCls induces partial thrombosis (forming a thrombus “core”
formed at shear rates below 10,000 s™) and 20% FeCls results in a stable and fully occlusive
thrombus (formed at shear rates 10,000 s or greater). Cerebral blood flow (CBF) in the MCA
territory is determined by laser Doppler flowmetry (Oxford Optronix) which measures blood
movements in the probed tissue. CBF is continuously measured before MCA occlusion and
throughout the duration of occlusion, ischemia and thrombolysis. Occlusion time is defined as
the time between FeCls application and CBF diminution below 20% of baseline.

[0310] Mice are administered 20% FeCls to induce thrombosis. After approximately 4-5
minutes (when cerebral blood flow drops below 50% of basal value, i.e., after partial
occlusion), either aptamer or saline (control) is administered to the mice. CBF in the MCA (as
measured by Doppler flowmetry) is used to measure the degree of occlusion over time in the
presence or absence of aptamer (i.e., occlusion is measured 1 min, 5 mins, 10 mins, 15 mins,
20 mins, 25 mins, 30 mins, and 60 mins after administration of aptamer or saline). Showing
that full occlusion occurs at a later time in the presence of aptamer versus saline control
demonstrates that the aptamer slows the rate of occlusion in the MCA. Showing that full
occlusion does not occur within 60 minutes indicates that the aptamer prevents occlusive
thrombi formation after the platelet adhesion phase.

[0311] In addition, magnetic resonance angiographies are performed as described in
Example 8. Also, ischemic brain damage in the MCA is assessed using magnetic resonance

imaging (MRI) at 6 hours and 24 hours following full occlusion as described in Example 8. A
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reduction in lesion size in mice treated with aptamer compared with the lesion size of saline-
treated mice indicates that the aptamer prevents or decreases occlusive thrombi formation after
the platelet adhesion phase. Examples of useful positive controls (that can be used in any of
Examples 8-12) include aurintricarboxylic acid (“ATA”, 20 mg/kg, Sigma-Aldrich), a
polycarboxylated compound which binds to the A1 domain of VWF, thus preventing
binding of VWF to platelet Gplba and a monoclonal antibody or antibody fragment to the
Al domain of VWF which prevents binding to platelet Gplba, i.e., Fab fragments of the
monoclonal antibody Xia.B2 (2.5 mg/kg, Emfret Analytics, Wirzburg, Germany).
Examples of useful negative controls include GR144053 trihydrochloride (“GR”, 10 mg/kg;
R&D Systems, Lille, France), a non-peptidic Gpllb/Illa inhibitor, and a monoclonal
antibody or antibody fragment to GplIb/Illa, i.e., Fab fragments of the monoclonal antibody
Leo.H4 (2.5 mg/kg, Emfret Analytics, Wiirzburg, Germany). ATA and GR solutions are
passed through 0.22 um filters prior to administration and subsequently injected as a rapid
bolus (200 uL). Control IgG (rat) can be purchased from Jackson Immunoresearch. Fab
fragments are prepared using Pierce Fab preparation kit (Fisher scientific, Illkirch, France)

according to the manufacturer instructions

Example 10. Disaggregation of Intracerebral Occlusive Thrombi

[0312] Inhibition of Gplba-VWF interactions should disengage the VWF that cross-links

platelets in the VWF-rich portion of the thrombus, thus restoring vessel patency. The mouse
model of MCA thrombosis described in Example 9 is used to show the disaggregation of
occlusive thrombi in the presence of aptamer. Mice with fully occlusive thrombi are generated
using 20% FeCls as described in Example 9. Saline (control) or aptamer is administered to
the mice intravenously at 10 minutes following full occlusion as measured by cerebral blood
flow (CBF) in the MCA as determined by laser Doppler flowmetry (CBF diminution below
20% of baseline is considered full occlusion). Immunohistological analyses of thrombi from
mice euthanized 10 minutes after administration of aptamer (e.g., 20 minutes after full
occlusion) is performed using fluorescently-labeled antibodies against VWF and CD41
(platelet marker) and DAPI nuclear staining of MCA. The observation of less VWF and CD41
in the MCA (as measured by fluorescence staining) in aptamer-treated mice compared with
control mice indicates disaggregation of the thrombi in the presence of aptamer. Also, in other
test mice, the MCA can be re-opened and examined to determine the size of the thrombus in
aptamer-treated versus saline-treated mice. Examples of useful positive controls include ATA
and Xia.B2. Examples of useful negative controls include GR144053 trihydrochloride and a
monoclonal antibody or antibody fragment to GplIb/Illa.
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Example 11: Restoration of Vessel Patency

[0313] The mouse model of MCA thrombosis described in Example 9 is used to show the
restoration of vessel patency in the presence of the aptamer. Mice with fully occlusive thrombi
are generated using 20% FeCls as described in Example 9. Saline (control) or aptamer is
administered to the mice intravenously or subcutaneously at 20 minutes following full
occlusion. Doppler flowmetry is used to determine the cerebral blood flow (CBF) in the
MCA, with an observed increase in CBF in the aptamer-treated mice compared with the
saline-treated mice demonstrating the restoration of vessel patency. In addition, magnetic
resonance angiographies are performed using 2D-TOF sequences to measure blood flow and
ischemic brain damage in the MCA area is assessed by magnetic resonance imaging (MRI) at
6 hours and 24 hours following occlusion. MRI is carried out as described in Example 9. A
reduction in lesion size in mice treated with aptamer compared with the lesion size of saline-
treated mice indicates the restoration of vessel patency. Similar methods can be used to
determine restoration of patency in larger arteries, such as the carotid artery, using the FeCls
model of thrombosis and monitoring via Doppler flowmetry MRI, and immunohistological

analyses, as previously described.

Example 12. Photochemically Induced Thrombotic Middle Cerebral Artery Occlusion in

non-human primate

[0314] Experiments are performed on adult, male non-human primates (NHP i.e.,
cynomolgus, squirrel or rhesus monkey) at 7-13 years old. N=2-3 animals per group, including
the following groups: control (saline) and aptamer (BT-100). The NHP are housed in a
temperature-controlled room on a 12-hour light/12-hour dark cycle with food and water ad
libitum. Animals are lightly anesthetized with an intramuscular injection of 10mg/kg ketamine
hydrochloride, intubated and anesthesia maintained with 0.5% to 1.5% isoflurane in 30% Oa.
Body temperature is monitored continually and maintained at 37 to 39°C with a heating pad.
A catheter is inserted into the femoral vein to allow the intravenous administration of rose
bengal, saline or BT-100 aptamer. The transorbital approach to the right MCA is performed as
described in Maeda M, Moriguchi A, Mihara K, Aoki T, Takamatsu H et al. FK4/9, a
nonpeptide platelet glycoprotein 11b/I1la antagonist, ameliorates brain infarction associated
with thrombotic focal cerebral ischemia in monkeys: comparison with tissue plasminogen
activator. J Cereb Blood Flow Metab. 2005 Jan;25:108-118, the contents of which are herein
incorporated by reference in their entirety. An orbital craniotomy is performed, permitting

visualization of the right MCA while keeping the dura mater intact. The region is then
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irradiated with green light (wavelength 540nm) for 10 minutes coincidentally with 6 minutes
of intravenous rose Bengal administration (20 mg/kg). The treatment (saline or aptamer) is
applied at the end of the photoirradiation.

[0315] Cerebral blood flow (CBF) is determined by laser Doppler flowmetry using a
fiberoptic probe (Oxford Optronix) placed on the MCA. CBF is measured before the
photoirradiation and for up to 3hrs following aptamer administration. CBF in the MCA is
measured in the presence or absence of BT-100 aptamer at 1 min, 5 mins, 10 mins, 15 mins,
20 mins, 25 mins, 30 mins, 60 mins, 120 mins and 180 mins after administration of BT-100
aptamer or saline. Showing that full occlusion occurs at a later time in the presence of BT-100
aptamer versus saline control demonstrates that the aptamer slows the rate of occlusion in the
MCA. Showing that full occlusion does not occur within 60 minutes indicates that the
aptamer prevents occlusive thrombi formation. Showing that presence of BT-100 aptamer
versus saline control shortens the period to reperfusion and/or prevents reocclusion after
reperfusion indicates the ability of BT-100 to disaggregate occlusive thrombi.

[0316] Non-human primates are examined for neurological deficits 24hrs after
photothrombosis. Improved neurological performance in NHP treated with BT-100 aptamer

vs saline suggests a faster or more efficient disaggregation of occlusive thrombi.

Example 13. Aptamer design for extending duration of action

[0317]  Aptamers are optimized to improve one or more desired characteristics or properties
of the aptamer. Such characteristics or properties include improvements in binding affinity,
pharmacokinetic or pharmacodynamic properties, thermostability, potency, or any other
characteristic or property known to one with skill in the art.

[0318] In one example, aptamers are optimized by altering the stem. The stem length may
either be increased or decreased. In one embodiment, the stem length is extended and made
longer. The duplexed region of the stem may be altered to be made shorter, longer or to alter
the symmetry or asymmetry. Branches may be added to the stem of the aptamer.

[0319] In one example, aptamers are optimized by adding or altering one or more
conjugates and/or terminal cap structures. The conjugate may be a polyethelyene glycol
(PEG) moiety or any other conjugate or terminal cap known in the art. One or more
conjugates are added to the aptamer to improve the desired characteristics or properties.
Further, the conjugate(s) may be at the 5” or the 3” end of the aptamer.

[0320] In one example, aptamers are optimized to increase thermostability, by increasing

the double stranded region of the stem to exceed 6 base pairs.
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[0321] Optimized aptamers may be tested by any of the methods known in the art for

assessing the desired characteristic and/or property, including those described herewithin. The
optimized aptamers should exceed the performance of the equivalent, but unoptimized aptamer

in at least one characteristic and/or property.

Example 14. Optimization of ARC15105 to generate BT-200
[0322] ARCI15105 is optimized to generate BT-200. The optimization is to improve

thermostability and pharmacokinetic and pharmacodynamic properties such as half-life and/or
duration of action. The duplexed stem region of ARC15105 is elongated from a 5-base pair
duplex to a 9-base pair duplex. The extension of the stem region increases the thermostability
of BT-200 and stabilizes the integrity of the aptamer, thus making it less susceptible to
nuclease cleavage and prolonging the in vivo half-life and/or duration of action of the aptamer.
The 40kD PEG is retained for BT-200. The characteristics and/or properties of BT-200 are
tested by any of the methods known in the art and/or described herewithin. In a direct

comparison, optimized aptamer BT-200 will outperform original aptamer ARC15105.

Example 15. Optimization of BT-100 to generate BT-200
[0323] BT-100 is optimized to generate BT-200. The 40kD PEG is conjugated to the 5’

terminus of the BT-100. By increasing the molecular mass of the aptamer and shielding them
from nucleases, pegylation improves pharmacokinetics and pharmacodynamics properties
such as half-life and/or duration of action. The characteristics and/or properties of BT-200 are

tested by any of the methods known in the art and/or described herewithin.

Example 16. In vitro blocking of VWF activity assay (REAADS)
[0324] BT-200 was evaluated for in vivo inhibition of the VWF activity. The REAADS®
von Willebrand Factor Activity Test Kit (Diapharma, Catalog #: K10826, West Chester, Ohio)

was utilized to measure functional VWF in plasma samples. The assay was adapted to evaluate
inhibition of VWF activity by BT-200. The test kit is an enzyme-linked immunosorbent assay
(ELISA) that uses a purified murine anti-VWF monoclonal antibody to detect the A1 domain
of VWF.

[0325] Whole blood was drawn from three cynomolgus monkeys (Xishan Zhongke
Laboratory Animal Co., Suzhou, China) into blood collection tubes containing 3.2% sodium
citrate (blood:sodium citrate ratio=9:1). Plasma was separated by centrifugation at 3000 rpm.
BT-200 stock solution was prepared as 1 mg/ml in phosphate-buffered saline (PBS). BT-200
was spiked into plasma samples to final concentrations of 10, 30, 100, 300, 1000, 3000, 10000,
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and 30000 ng/ml. The REAADS assay was performed according to manufacturer’s instruction
at room temperature. VWF activity was reported in percent (%) of normal, relative to a
calibrator that has been standardized against the third International Standard for Factor VIII
and von Willebrand Factor in Plasma (91/666). VWF activity was plotted against BT-200
concentration to determine ICso values.
[0326] Results of the in vitro REAADS assay are presented in Table 8. The data shows a
dose-dependent inhibition of VWF A1 domain activity by BT-200 in monkey plasma. The
ICso values determined for each animal were 1618 ng/ml (R?>=0.998), 1633 ng/ml (R*=0.999)
and 1606 ng/ml (R?>=0.997), respectively. The study confirms that BT-200 inhibits VWF

2

activity by blocking the A1 domain of VWF.
Table 8. VWF activity

BT'ZOO, Percent (%) of normal
concentration
(ng/ml) Animal A | Animal B Animal C
30000 0.6 0.6 0.6
10000 4.7 5.6 4.5
3000 28.6 31.2 22.3
1000 72.4 72.4 743
300 98.7 98 .4 94.9
100 105.8 104.5 104.5
30 101.9 109.0 97.5
10 110.0 111.2 103.5
0 111.2 109.8 105.9

Example 17. In vivo blocking of VWF activity assay (REAADS)

[0327] Anin vivo experiment was carried out to assess BT-200 inhibition of VWF activity
in monkeys. Three adult cynomolgus monkeys were administered 3 mg/kg BT-200 by
intravenous injection (I.V.), 1 mg/kg, and 3 mg/kg BT-200 by subcutaneous injection (S.C.),
respectively. VWF activity was assayed at 1 h, 4 h, 8 h, 24 h, 48 h, 96 h, 168 h, 240 h, and 336
h post injection using the REAADS test kit. The REAADS assay was performed as described
in Example 16 to determine VWF A1 domain activity.
[0328] Results of the REAADS assay are presented in Table 9. The inhibition of BT-200 on
VWF activity lasted more than 336 hours with a dose of 3 mg/kg administered either
intravenously or subcutaneously. BT-200 blocked the VWF activity for more than 168 hours
with a dose of 1 mg/kg by S.C. injection. These data indicated high affinity between BT-200
and the A1 domain of VWF in vivo.

Table 9. VWF activity

Percent (%) of normal
Sample time Animal A Animal B Animal C
3mg/kg V. 1 mg/kg S.C. 3 mg/kg S.C.
0 111.2 109.8 105.9
1h 0.2 62.6 94.0
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4h 0.1 13.3 16.4
8h 0.1 4.4 4.0
24 h 0.2 3.0 0.5
48 h 0.4 5.7 0.4
96 h 1.9 6.1 0.4
168 h 9.1 60.6 4.3
240 h 33.0 122.7 21.6
336 h 79.9 122.3 62.3

Example 18. In vitro platelet function analvzer (PFA-200) assay

[0329] BT-200 was assessed for the ability to inhibit VWF activity in vitro using the PFA
assay as described in Example 4. Both human donor plasma samples and cynomolgus monkey
plasma samples were utilized. Plasma samples were prepared by drawing 4.5 mL whole blood
into blood collection tubes containing 3.2% sodium citrate (blood:sodium citrate ratio=9:1).
BT-200 stock solution was prepared as 1 mg/ml in PBS. BT-200 was spiked into the human
samples to final concentrations of 0.001, 0.003, 0.01, 0.03, 0.06,0.1,0.2,0.3, 1.0, 3.0, 10.0
and 30.0 ug/mL. In monkey samples, concentrations of BT-200 were adjusted to 0.01, 0.1, 0.4,
0.6,0.8,1.0,3.0 and 10.0 ug/mL. After incubation at 37 °C for 15 min, platelet plug formation
was measured by collagen/adenosine diphosphate-induced closure time (CADP-CT) with a
platelet function analyzer, PFA-200 (Siemens, Marburg, Germany). Normal saline was used as
negative control. Maximal CT measured by PFA-200 is 5 min and the instrument gives a result
>300 s if this time is exceeded. Data was plotted against BT-200 concentration and fitted in
GraphPad Prism 5 (San Diego, CA) to obtain median effective dose (EDso) values.

[0330] For human samples, data was collected from 14 healthy volunteers enrolled at
Suzhou University, China. Closure time of the samples after incubation with BT-200 was
analyzed. Analysis of variance (ANOV A) results indicated that concentration of BT-200
beyond 0.2 ug/ml prolonged CADP-CT significantly (P <0.01). BT-200 produced
concentration-dependent prolongation of CADP-CT. EDso was calculated to be 0.187 ug/ml,
with a 95% credibility interval of 0.086 - 0.408 ug/ml (R?>= 0.940). Data is shown in Table 10.

Table 10. Closure time of human volunteers

BT-200 Closure Time (s)

(ug/ml) | H1 | H2 | H3 | H4 | H5S | H6 | H7 | H8 | H9 | H10 | H11 | H12 | H13 | H14
30.0 [ 300 [ 300 | 300 | 300 | 300 | 300 | 300 - - - - - - -
10.0 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 [ 300 | 300 [ 300 | 300 [ 300

3.0 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
1.0 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300
0.3 275|300 | 300 | 267 | 300 | 300 | 300 | 243 | 191 | 300 | 258 | 300 | 300 | 300

0.2 - - - - - 164 | 258 | 145 | 108 | 260 | 128 | 137 | 201 | 237
0.1 | 110 | 127 237 | 111 | 190 | 109 | 174 | 99| 86| 165 91 | 134 | 182 [ 158
0.06 - - - - - - -1 91| 77] 145 83 [ 115 ] 157 | 113

001 | 741109 | 122|102 | 127 | 82| 104 | 85| 73| 121 771 112 ] 133 | 103
0003 | 8 | 85130 | 83| 106 | 83| 121 | 77| 85| 117 68 84 | 103 93
0001 ) 77101 | 98101 | 113 | 69| 92| 73| 79| 113 30 95 [ 100 95
Blank | 77| 81| 113 | 87126 | 79| 117 | 70| 63| 112 69 84 | 111 | 103
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[0331] For monkey samples, data was collected from 16 cynomolgus monkeys (Xishan
Zhongke Laboratory Animal Co. (Suzhou, China)). Closure time of the samples after
incubation with BT-200 was analyzed. ANOV A results indicated that concentration of BT-200
beyond 0.6 ug/ml prolonged CADP-CT significantly (P <0.01). BT-200 produced
concentration-dependent prolongation of CADP-CT. EDso was calculated to be 0.697 ug/ml,
with a 95% credibility interval of 0.135-3.599 ug/ml (R?>= 0.852). Data is shown in Table 11.

Table 11. Closure time of cynomolgus monkeys

BT-200 Closure Time (s)
(ug/ml) M1 | M2 | M3 | M4 | M5 | M6 | M7 | M8
10.00 | 300 | 300 [ 300 | 300 | 300 | 300 | 300] 300

3.00 - -| 300 300 | 300 | 300 300 300
1.00 | 215] 300 )] 300 ] 300 | 300 | 300 | 300 300
0.80 - -1 179 105 | 300 | 300 300 176

0.60 65| 152 ] 109 96 | 130 | 300 [ 101 | 130
0.40 56 86 73 57 90 88 68 | 104
0.10 - 55 56 53 63 54 59 75
0.01 52 59 51 46 50 54 49 63
Blank 55 55 54 53 57 50 50 75
M9 | M10 [ M11 | M12 | M13 | M14 | M15 | M16
10.00 | 300 | 300 [ 300 | 300 | 300 | 300 | 300 ] 300
3.00 [ 300 | 300 - - - - - -
1.00 | 300 ] 212 300 ] 300 | 300 | 300 | 300 300
0.80 | 300 | 141 ) 300 | 300 80 | 158 [ 300 | 300
0.60 | 170 82 - | 300 75 72 | 153 ] 106
0.40 91 78 | 133 | 137 60 53 79 72
0.10 61 58 - - - - - -
0.01 76 63 58 73 53 40 49 50
Blank 66 56 58 73 53 40 49 50

[0332] In both sets of samples, BT-200 produced concentration-dependent inhibition of
VWF activity. The mean EDso to prolong human or cynomolgus monkey CADP-CT was
0.158 £0.105 ug/ml (n =14) and 0.576 + 0.390 ug/ml (n =16), respectively. The affinity of
BT-200 binding to human VWF was 3.72 times higher than monkey VWF.

Example 19. In vivo PFA-200 assay

[0333] BT-200 was evaluated in cynomolgus monkeys for in vivo inhibition of VWF
activity. Sixteen adult monkeys were selected and distributed into four treatment groups
according to sex and weight. The monkeys weighed between 2.6 to 3.9 kg, and aged 3 to 5
years old. Each group contained four animals, two males and two females, and the average
weight of each group was about 3.2 kg. BT-200 dosing solutions were prepared in 0.9% saline
to a final concentration of 10 mg/ml. Groups 1-4 were administered 3 mg/kg BT-200 by
intravenous injection (I.V.), 3.0 mg/kg, 1.0 mg/kg, and 5.0 mg/kg BT-200 by subcutaneous

injection (S.C.), respectively. Blood samples were collected at 30 min before injection (-30
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min), 1 h, 4 h, 12 h, 24 h, 48 h, 96 h, 168 h, and 240 h after injection. Plasma samples were

prepared as described previously. CADP-CT measurement was performed with PFA-200
immediately upon sample collection.

[0334]
as mean + standard deviation (SD) (see Table 12), respectively. ANOV A results indicated that
BT-200 prolonged CADP-CT significantly in all 4 groups 1 h after injection (P <0.01). The
inhibition of BT-200 on VWF in vivo maintained at least to 240 h. ANOV A results indicated

Closure time of cynomolgus monkey pre- or post- BT-200 injection was expressed

that, 1h after injection, CADP-CTs of 4 groups were without significant difference. Moreover,
the data suggested that BT-200 has a long half-life and subcutaneous injection bioavailability

of BT-200 is similar as intravenous injection.

Table 12. Closure time (s) at different time points

Sample 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg

time LV. S.C. S.C. S.C.
-30 min 73.5+£3.0 79.5+24 73.8+24 86.0+ 5.8
1h 300+ 0.0 255.0+ 52.6 271.3+57.5 300.0+ 0.0
4h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0
8h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0
24 h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0
48 h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0
96 h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0
168 h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0
240 h 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0 300.0+ 0.0

Example 20. Coagulation function

[0335]

Coagulation parameters including activated partial thromboplastin time (aPTT),
prothrombin time (PT), thrombin time (TT) and fibrinogen (FIB) were assayed by an
automatic coagulometer (Stago, France) at 30 min before injection (pre-dose), 15 min, 1 h, 4 h
8 h,24 h, 48 h, 96 h, 168 h and 240 h after injection from the same 16 monkeys as in Example
19.
[0336]

2

BT-200 prolonged aPTT significantly 1 h after intravenous injection, which
maintained to 48 h. Subcutaneous injection of BT-200 prolonged aPTT later than intravenous
injection. ANOVA results indicated that, 24 h after 1 mg/kg BT-200 subcutaneous injection,
aPTT was prolonged significantly (= 0.03) and reclined to baseline at 48 h. 8 h after 3 mg/kg
BT-200 subcutaneous injection, aPTT was prolonged significantly (P < 0.05) and maintained
to 96 h after injection. When injected 5 mg/kg BT-200, aPTT prolonged from 8 h after
injection and maintained to 240 h. The PT, TT and FIB values did not change after BT-200
injection. The results indicate that BT-200 does not have effects on these coagulation factors
except for aPTT. However, aPTT prolongation is an artifact as explained in Example 21.
[0337]

Tables 13-16. In the tables, aPTT, PT, TT and FIB values are presented as mean + SD (n=4); *
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Table 13. Activated Partial Thromboplastin Time (aPTT) (s)

Sample 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg

time LV. S.C. S.C. S.C.

-30 min 31.2+3.0 31.6£2.4 29.4+2.4 30.3+5.8
1h 60.3+2.9% 347+ 4.6 28.1£4.7 29.7+4.7
4h 61.4+ 6.8* 39.7+ 8.2 29.1£ 5.1 39.5+10.4
8h 59.7+3.5% 47.1+ 10.8* 34335 53.3+9.4%

24 h 60.7+ 7.4* 58.8+ 9.4% 36.0+2.8% 48.6+ 6.0%
48 h 54.7+3.9% 544+ 7.2% 34.0£5.2 48.6+ 6.0*
96 h 37.5+ 4.8 42.8+4.9* 30.7£ 4.6 44.6+ 4 4%
168 h 32.6+£6.9 381+ 7.6 27.1£43 453+ 4.8*
240 h 267+ 4.4 29.9£6.2 27.6£4.7 40.7+ 8.9*
Table 14. Prothrombin Time (PT) (s)
Sample 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg

time LV. S.C. S.C. S.C.

-30 min 16.6£5.7 12.8£0.7 13.3£0.5 129+ 1.1
1h 13.3£0.7 15.1£25 12.7£0.9 12.2+0.5
4h 142+ 18 13.2£1.0 12.7£0.9 12.1+0.6
8h 143+ 13 159£42 12.4+£0.2 11.9+£0.5

24 h 13.9£1.2 128+ 1.6 114£0.5 11.3+0.4
48 h 13.1£0.7 127+ 1.7 11.1£0.2 11.1+£0.5
9 h 11.5£0.4 11.1£ 0.3 113£0.2 11.3+0.7
168 h 12.7£0.7 11.5£0.7 11.6£0.2 11.6+0.9
240 h 12.9£0.8 11.7£ 0.1 11.7£0.2 12.2+1.0
Table 15. Thrombin Time (TT) (s)
Sample 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg

time LV. S.C. S.C. S.C.

-30 min 19.4+ 2.8 20.6+£ 1.7 18.3£0.4 19.1+3.1
1h 189+ 1.2 23.3+£25 18.4+£ 0.6 20.7+2.9
4h 22,5+ 4.1 209+ 1.8 19.5£3.1 21.5+2.7
8h 19.8£ 1.0 25.2+3. 19.2+£2.6 23.0+2.9

24 h 19.7£ 1.8 21.1£ 3.0 204+ 1.0 22.9+4.1
48 h 20.1£3.2 21.5£43 20.5£ 0.5 20.9+0.7
96 h 22.1£ 1.6 21.7£ 1.5 20.5£ 0.8 20.7+0.6
168 h 22.1£2.8 214+ 14 204+ 1.0 20.5+0.5
240 h 214+ 1.1 21.7£0.8 20.9£ 0.6 21.0+0.5
Table 16. Fibrinogen Concentrations (g/L)
Sample 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg

time LV. S.C. S.C. S.C.

-30 min 2.80+£ 1.75 3.57+0.78 2,76+ 0.82 2.48+0.69
1h 2.88+ 1.94 2.60+ 0.38 2.38+0.41 2.91+0.43
4h 2.73£0.82 3.38+ 0.84 2.41£0.59 2.624+0.39
8h 238+ 1.11 2.62+ 0.64 3.42+0.90 3.08+0.58

24 h 2.64+1.33 3.22+0.22 3.28+0.77 3.01£0.73
48 h 285+ 1.45 2.84+0.42 2.97+£0.57 2.85+0.44
9 h 3.40+1.17 3.35+£0.30 3.07£0.45 2.87+0.53
168 h 3.28+1.70 3.40+£1.10 3.00+ 1.13 2.89+0.63
240 h 3.14+ 1.53 3.32+0.78 2.62+£0.97 2.82+0.27
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Example 21. Additional coagulation assavs

A. aPTT assays

[0338] As BT-200 was not previously shown to be an anticoagulant, it was not expected to
prolong clotting time. The observed prolonged aPTT in Example 20 was further investigated.
The aPTT assay was repeated using aPTT reagents Actin-FS (Siemens, Marburg, Germany)
and aPTT-lupus anticoagulant (LA) (Stago, France) with either silica or ellagic acid as a clot
activator. Actin-FS is the most sensitive reagent to mild reductions of factors VIII, IX, and XI.
The results revealed that the spurious aPTT effect is reagent specific (see Table 17). While
aPTT reagents with silica as activator showed increased aPTT values in the presence of BT-
200, aPTT Actin-FS with ellagic acid exhibited the same aPTT value at all BT-200
concentrations.

Table 17. aPTT assays

BT-200 concentration 0 3 10 30 100 | Activator | Manufacturer
(ug/ml)

aPTT (s) 101 186 651 773 832 silica Stago

aPTT Actin-FS (s) 40.9 41.1 40.9 40.2 40.3 | ellagic acid Stago

aPTT-LA (s) 40.9 448 657 82,5 98.7 silica Stago

[0339]  The effect of BT-200 on coagulation factors were also evaluated with ellagic acid
as activator. The results are presented in Table 18. As expected, BT-200 does not decrease
Factor VIII or Factor XI activity.

Table 18. Factor activity

BT200 concentration 0 3 10 30 100 | Activator | Manufacturer
(ug/ml)
Anti-Xa (heparin) (IU/ml) <0.1 <0.1 <0.1 <0.1 <0.1
Factor VIII activity (%) 59 58 58 60 60 | ellagic acid Siemens
Factor XI activity (%) 80 79 81 79 80 | ellagic acid Siemens

B. Rotational thrombelastometry (ROTEM)

[0340]  Although coagulation assays such as PT and aPTT are widely performed, they are
known to have intrinsic limitations. For example, these assays evaluate the clotting cascade in
isolation and are thus non-physiological. As a result, they usually show a poor correlation with
the clinical phenotype, i.e., the PT or aPTT may be prolonged but this does not necessarily
predict the bleeding phenotype. Moreover, these assays are in general insensitive to
prothrombotic states. Furthermore, the PT and aPTT assays use the formation of a fibrin clot
as the endpoint of the test and this is known to occur when only less than 5% of the total
thrombin has been generated.

[0341] Rotational thrombelastometry (ROTEM) is a method to measure clotting of whole
blood or plasma with or without activators after re-calcification of samples. The primary result

of ROTEM is a reaction curve which shows the elasticity over time as the clot forms or
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dissolves. Measurement parameters include clotting time (CT), clot formation time (CFT),
maximum clot firmness (MCF), amplitude 5 min after CT (AS5), lysis index after 30 minutes
(LI 30), and maximum lysis (ML; percent decrease in amplitude 60 min after MCF). CT is the
latency time from adding the start reagent to blood until the clot starts to form. CFT is the time
from CT until a clot firmness of 20-millimeter point has been reached. MCF is the greatest
vertical amplitude of the trace. Clotting times are typically prolonged by anticoagulants.
[0342] The effect of BT-200 on clotting time was evaluated using the ROTEM assay on a
ROTEM® delta hemostasis analyzer (Tem Innovations GmbH, Germany). The EXTEM test
was performed, which is a screening test for the extrinsic hemostasis system. The results are
presented in Table 19. The clotting time was almost identical at all concentrations of BT-200,
suggesting that BT-200 has no effect on clotting, consistent with the previous observation. For
comparison, pharmacological concentrations of the direct Factor II inhibitor Dabigatran
prolong the clotting time 10-fold and that of the direct Factor X inhibitor Rivaroxaban, 4-fold
(Schoergenhofer C, et al., The use of frozen plasma samples in thromboelastometry. Clin Exp
Med, DOI 10.1007/s10238-017-0454-5, the contents of which are incorporated herein by
reference in their entirety).

Table 19. ROTEM assay

BT-200 concentration CT (s) CFT (s) MCF (mm)

(ug/ml)
30 73 540 22
10 76 325 24
2 80 493 23
0 77 360 23

C. Thrombin generation assay

[0343] Thrombin generation reflects the plasma’s total ability to generate thrombin. The
calibrated automated thrombogram (CAT) assay is a routine test used to measure the
generation of thrombin. This assay displays the concentration of thrombin in clotting plasma
as a function of time by monitoring the splitting of a fluorogenic substrate and comparing it
with a constant known thrombin activity in a parallel non-clotting sample. The parameters of
the thrombogram include lag time, peak height, endogenous thrombin potential (ETP)
(calculated as the area under the curve), maximal rising slop, and time to peak (Hemker HC, et
al., Thrombin generation, a function test of the haemostatic-thrombotic system. Thromb
Haemost. 2006 Nov;96(5):553-61, the contents of which are incorporated herein by reference
in their entirety). Coagulation inhibitors such as rivaroxaban decrease the ETP, and/or the peak
and lengthen the time to peak.

[0344] The effect of BT-200 on thrombin generation was assessed via the CAT assay using
platelet-poor plasma (PPP) reagents low or high (Thrombinoscope BV, Netherlands). The PPP
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reagent is used as a trigger that is added to platelet-poor plasma to initiate thrombin generation.
Readout was measured on a Fluoroskan ASCENT™ microplate fluorimeter (Thermo
Scientific, Waltham, MA). Results are presented in Tables 20 and 21. These results confirmed
that BT-200 does not alter thrombin generation.

Table 20. CAT with PPP reagent (low)

BT-200 concentration 0 3 10 30 100
(ug/ml)
Lag time (min) 2.33 2.33 2 2 2
ETP (nMxmin) 609 599 557 561 553
Peak (nM) 100 98.1 94.3 98.7 98.2
Time to Peak (min) 5.0 5.0 5.0 4.8 4.7
Table 21. CAT with PPP reagent (high)
BT-200 concentration 0 3 10 30 100
(ug/ml)
Lag time (min) 1 1 1 1 1
ETP (nMxmin) 577 581 579 570 553
Peak (nM) 138 139 134 139 135
Time to Peak (min) 2.7 2.7 2.7 2.7 2.7

Example 22. Hematology test
[0345]

Hematology parameters including hemoglobin concentration, hematocrit, white
blood cell (WBC) and platelet counts were analyzed at pre-dose, 1 week and 2 weeks after
BT-200 injection from the same 16 monkeys as in Example 19. The hematology tests were
performed with a Sysmex XP-100 3-Part Differential hematology analyzer (Sysmex, Japan).
Compared with pre-dose, hemoglobin and hematocrit values decreased slightly, without
significant difference. The WBC and platelet counts did not change after injection of BT-200.
[0346] Hematology parameters are presented as mean = SD (n=4) in Tables 22-25.

Table 22. Hemoglobin concentrations (g/L)

Sample time 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg
LV. S.C. S.C. S.C.
Pre-dose 138.3+11.3 138.5+ 8.4 133.8416.3 132.5+12.5
1w post dose 108.3+23.3 953£32.6 116.8+ 13.5 111.0+13.6
2w post dose 113.3+18.9 100.5+ 26.6 126.0+ 4.3 114.0+9.8
Table 23. Hematocrit (%)
Sample time 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg
LV. S.C. S.C. S.C.
Pre-dose 43.742.5 455+ 1.7 437+ 3.8 43.0+2.8
1w post dose 36.5£5.2 32.0+£9.5 39.2+3.6 37.3+£3.0
2w post dose 37.7+4.7 34.5+£7.7 41.6+0.6 38.1+3.1
Table 24. White blood cell numbers (x10°/L)
Sample time 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg
LV. S.C. S.C. S.C.
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Pre-dose 15.3+1.2 13.7£3.7 152+£23 152+23
1w post dose 15.1£3.3 13.6+£5.9 15.0£0.9 13.6£2.4
2w post dose 14.5+4 4 15.2+£2.6 17.2+ 4.1 14.0+3.9

Table 25. Platelets numbers (x10°/L)

Sample time 3 mg/kg 3 mg/kg 1 mg/kg 5 mg/kg
LV. S.C. S.C. S.C.
Pre-dose 476.8+111.2 484.0+ 79.6 473.8+141.1 454.5+123.1
1w post dose 555.0+43.7 516.8+137.7 463.5+ 50.3 512.3+110.6
2w post dose 528.3+47.0 503.8+160.9 444.8+ 57.9 483.0+£93.7

Example 23. Exaggerated pharmacology

[0347]  Partial deficiency of von Willebrand Factor, as in Type 1 von Willebrand Disease,
typically has a very mild clinical phenotype and commonly goes without diagnosis. Indeed,
nearly 1% of the general population would be assigned a diagnosis of Type 1 VWD based
solely upon the results of laboratory analysis of random blood samples (Nichols WL, et al.,
von Willebrand disease (VWD): evidence-based diagnosis and management guidelines, the
National Heart, Lung, and Blood Institute (NHLBI) Expert Panel report (USA). Haemophilia.
2008 Mar;14(2):171-232, the contents of which are incorporated herein by reference in their
entirety). At the other end of the spectrum, severe deficiency of von Willebrand Factor, as in
Type 3 von Willebrand Disease, can be associated with a clinical phenotype manifesting as
mucocutaneous bleeding, bleeding due to trauma, or local bleeding at sites of dental or surgical
procedures. There is a continuum of circulating levels of von Willebrand Factor even within
the Type 3 von Willebrand Disease sub-population, and generally among these patients there
is a trend for an increased frequency of bleeding symptoms at the lowest VWF levels
(Schneppenheim R, et al. Genetic heterogeneity of severe von Willebrand disease type 111 in
the German population. Hum Genet. 1994 Dec;94(6):640-52; Zhang Z, Lindstedt M,
Blomback M, Anvret M. Lffects of the mutant von Willebrand factor gene in von Willebrand
disease. Hum Genet. 1995 Oct;96(4):388-94; and Nichols WL et al., Haemophilia. 2008
Mar;14(2):171-232, the contents of which are each incorporated herein by reference in their
entirety).

[0348] The genotype-phenotype correlation described by the clinical epidemiology of von
Willebrand Disease suggests that administration of a pharmacologic inhibitor of von
Willebrand Factor to the normal host would lead to minimal risk of a bleeding phenotype,
unless that inhibitor was able to effect complete, sustained inhibition. This prediction was
confirmed with the experience of a first-generation aptamer inhibitor of von Willebrand
Factor, ARC1779, administered to non-human primates, normal human volunteers, and even

patients with thrombocytopenia or patients on anti-coagulants, yet no bleeding manifestations
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were observed (Gilbert JC, et al., First-in-human evaluation of anti von Willebrand factor
therapeutic aptamer ARC1779 in healthy volunteers. Circulation. 2007 Dec 4;116(23):2678-
86; Diener JL, et al., Inhibition of von Willebrand factor-mediated platelet activation and
thrombosis by the anti-von Willebrand factor A1-domain aptamer ARC1779. J Thromb
Haemost. 2009 Jul;7(7):1155-62; Knobl P, et al., Anti-von Willebrand factor aptamer
ARC1779 for refractory thrombotic thrombocytopenic purpura. Transfusion. 2009
Oct;49(10):2181-5; Jilma-Stohlawetz P, et al., A dose ranging phase /Il trial of the von
Willebrand factor inhibiting aptamer ARC1779 in patients with congenital thrombotic
thrombocytopenic purpura. Thromb Haemost. 2011 Sep;106(3):539-47, the contents of which
are each incorporated herein by reference in their entirety).
[0349] BT-200 was engineered to be more potent, longer-acting and to have better
subcutaneous bioavailability than predecessor aptamer inhibitors of von Willebrand Factor,
such as ARC1779 and ARC15105. These goals appear to have been fully met based upon the
findings in PK/PD studies of BT-200 in cynomolgus monkeys. Most of the dosed animals in
this study were observed to have mucocutaneous bleeding mostly occurred at the limbs and/or
thoracic area beneath the skin. In these animals, a mucocutaneous bleeding typical of Type 3
von Willebrand Disease was observed for the first time, having never been observed even with
the highest doses of ARC1779 used non-human primate toxicology studies and ARC15105
used in monkey studies dosed up to 20 mg/kg. This bleeding represents “exaggerated
pharmacology,” not off-target toxicity, and it was possible to avoid it by simple dose reduction
to levels at which von Willebrand Factor function was still inhibited and anti-thrombotic effect
would be expected, but at which bleeding was no longer observed.
[0350] This was confirmed by the subsequent study when dosing was reduced to 0.3 mg/kg
or 0.1 mg/kg in cynomolgus monkeys. Full inhibition of von Willebrand Factor function was
still observed using PFA-200 analysis (see Table 26) and no bleeding was observed.

Table 26. Closure time (s) by PFA-200

. 0.3 mg/kg S.C. 0.1 mg/kg S.C.
Sample time Male Female Male Female
Pre-dose 86 66 70 76
1h 112 201 106 103
8h 300 300 300 300
24 h 300 300 253 300

Example 24. Pharmacokinetics study

[0351] Pharmacokinetics (PK) analysis of BT-200 was performed in plasma samples from
the same 16 monkeys as described in Example 19. Blood was sampled pre-dose (-30 min), 1 h,

4h,8h,24h,48 h, 96 h, 168 h, 240 h, and 336 h post-dose. Approximately 0.5 ml whole
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blood was collected at each time point into tubes containing 1.5% K2-EDTA. Samples were
centrifuged at 3000 rpm to obtain plasma. All plasma samples were stored at -80°C until
analysis. Plasma concentration of BT-200 was determined by high-performance liquid
chromatography (HPLC) using Agilent 1260 Infinity System (Agilent, Santa Clara, CA) with
a DNA PAC200 Column, 4*250mm. PK parameters including half-life (T\.), time of
maximum concentration observed (Tmax), initial concentration (Co), maximum concentration
(Cmax), AUC up to the last measurable concentration (AUClast), AUC from O to infinity
(AUCme), and bioavailability (F) were determined using Phoenix WinNonlin software (Certara,
Princeton, NJ).

[0352]
200 in monkey plasma (T12) was from 76.4 to 85.7 h. For S.C. dose of 1:3.0:5.0, the exposure

vs dose level measured by Cmax was 1:2.8:5.3, and by AUCinr was 1:2.9:5.5. Tmax for S.C.

Mean values of the PK parameters are presented in Table 27. The half-life of BT-

administration was from 24 to 42 h. The bioavailability of S.C. administration was from 115%
to 133% (the first sample collection time was 1 h for [.V. administration). No significant sex
difference was observed. In conclusion, BT-200 has excellent S.C. bioavailability and a long
half-life, which make it a great drug candidate.

Table 27. PK parameters

CO/Cmax

AUCas

AUC Inf

Treatment T (h) Tmax (h) (ug/mL) (h*ug/mL) (h*ug/mL) F (%)

3mg/kglV. 85.7 1 74.6 4213 4473 NA
1 mg/kg S.C. 76.4 24 13.2 1602 1785 120
3 mg/kg S.C. 83.9 42 37.0 4798 5139 115
5 mg/kg S.C. 79.3 30 694 9294 9906 133
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CLAIMS

A synthetic polynucleotide comprising

(1) at least 21 contiguous nucleotides of SEQ ID NO: 1, and

(11) a double stranded region having at least 6 base pairs.
The synthetic polynucleotide of claim 1, which is 25-30 nucleotides in length.
The synthetic polynucleotide of claim 1, wherein the double stranded region comprises
from about 6 to about 9 base pairs.
The synthetic polynucleotide of claim 1, wherein the double stranded region is formed
by 6 or more of the 3” and 5 nucleotides at or near the termini.
The synthetic polynucleotide of claim 1, comprising at least one chemical modification.
The synthetic polynucleotide of claim 1, wherein each nucleotide comprises at least
one chemical modification.
The synthetic polynucleotide of claim 5 or 6, wherein the chemical modification is
made to one of the group selected from the sugar, nucleobase or internucleoside linker
of the synthetic polynucleotide.
The synthetic polynucleotide of claim 7, wherein the modification is made to a sugar
and the modification consists of a 2> O-Methyl modification.
The synthetic polynucleotide of claim 5, further comprising a 3” and/or 5 terminal cap.
The synthetic polynucleotide of claim 9, wherein the 3” and/or 5’ terminal cap is an
inverted deoxythymidine.
The synthetic polynucleotide of claim 9, wherein the 3” and/or 5’ terminal cap is an
amino group (NH2).
The synthetic polynucleotide of claim 9, wherein the 3 terminal cap comprises an
inverted deoxythymidine and the 5° terminal cap comprises an amino group (NH2).
The synthetic polynucleotide of claim 12 which is SEQ ID NO: 2.
The synthetic polynucleotide of claim 5, comprising a polyethylene glycol conjugate.
The synthetic polynucleotide of claim 14, wherein the polyethylene glycol conjugate is
attached to the 5° terminus of the polynucleotide.
The synthetic polynucleotide of claim 14, wherein the polyethylene glycol conjugate is
attached to the 3’ terminus of the polynucleotide.
The synthetic polynucleotide of claim 14 which is SEQ ID NO: 3.
A complementary synthetic polynucleotide which is capable of hybridizing with, or

binds to, in whole or in part any of the synthetic polynucleotides of claims 1-17.
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The complementary synthetic polynucleotide of claim 18, comprising at least 12
contiguous nucleotides of SEQ ID NO: 4.

The complementary synthetic polynucleotide of claim 19, comprising at least 15
contiguous nucleotides of SEQ ID NO: 4.

The complementary synthetic polynucleotide of claim 19, comprising 18-22 contiguous
nucleotides of SEQ ID NO: 4.

The complementary synthetic polynucleotide of claim 18, wherein at least one nucleotide
comprises a chemical modification.

The complementary synthetic polynucleotide of claim 18, wherein each of the
nucleotides comprises at least one chemical modification.

The complementary synthetic polynucleotide of claim 22, wherein the at least one
chemical modification is a 2’-O-methyl modification to a nucleotide sugar.

The complementary synthetic polynucleotide of claim 18, which comprises a 3’ terminal
cap.

The complementary synthetic polynucleotide of claim 25, wherein the 3’ terminal cap is
an inverted deoxythymidine.

A complementary synthetic polynucleotide comprising SEQ ID NO: 5.

Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of the preceding claims in preparation of a medicament for the
treatment of a disease, disorder or complication relating to Von Willebrand Factor
(VWE).

The use according to claim 28, wherein the disorder is a thrombotic disorder.

The use according to claim 29, wherein the thrombotic disorder is ischemic stroke.
Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for the treatment of a
VAD-associated complication or disorder.

The use according to claim 31, wherein the complication or disorder is selected from
acquired Von Willebrand Syndrome (aVWS), angiodysplasia, occlusive thrombosis, and
VAD-associated pump thrombosis.

Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for the treatment of a
complication or disorder which comprises aberrant binding of VWF to erythrocytes.
The use according to claim 33, wherein the complication or disorder is sickle cell

disease.
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Use of any of the synthetic polynucleotides or complementary synthetic polynucleotides
of claims 1-27 in preparation of a medicament for the treatment of a complication or
disorder associated with gastrointestinal (GI) bleeding associated with angiodysplasia.
Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for restoring vessel
patency in a subject having one or more vessel(s) occluded with at least one occlusive
thrombus, wherein the vessel(s) are at least 50% occluded, the method comprising
contacting said subject with a VWF protective agent such that vessel patency is
restored.

Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for disaggregating one
or more occlusive thrombi in a subject having at least one vessel that is at least 50%
occluded, the method comprising contacting said subject with a VWF protective agent
such that the one or more occlusive thrombi are disaggregated.

The use according to claim 36 or 37, wherein the external layer of the occlusive thrombi
is disaggregated.

The use according to claim 36 or 37, wherein the occlusive thrombi are formed under
conditions of shear rates that are 10,000 s™! or greater.

The use according to claim 36 or 37, wherein the occlusive thrombi are resistant to
fibrinolysis and/or antithrombotic agents.

The use according to claim 36 or 37, wherein the subject has a condition selected from
acute coronary syndrome, acute occlusion thrombosis, and ischemic stroke.

Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for preventing platelet
aggregation in a subject having a thrombotic disorder or complication.

The use according to claim 42, wherein the synthetic polynucleotide is administered via
intravenous injection.

The use according to claim 42, wherein the synthetic polynucleotide is administered via
subcutaneous injection.

The use according to claim 44, wherein the bioavailability of subcutaneous injection is
at least 85% relative to intravenous injection.

The use according to claim 44, wherein the bioavailability of subcutaneous injection is
at least 95% relative to intravenous injection.

The use according to claim 43, wherein the synthetic polynucleotide is administered at

a dose of from about 0.01 mg/kg to about 0.5 mg/kg of the subject body weight.
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48.  The use according to claim 42, wherein the synthetic polynucleotide has a plasma half-

life of from about 70 hours to about 100 hours.

49, The use according to claim 42, wherein the synthetic polynucleotide is not an
anticoagulant.
50. The use according to claim 49, wherein the synthetic polynucleotide does not prolong

clotting time.

51. The use according to claim 49, wherein the synthetic polynucleotide does not alter
thrombin generation.

52, The use according to claim 42, wherein the thrombotic disorder or complication is
myocardial infarction.

53.  The use according to claim 42, wherein the thrombotic disorder or complication is
ischemic stroke.

54.  Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for the treatment of
central nervous system (CNS) thrombosis associated with severe and/or cerebral
malaria.

55.  Use of any of the synthetic polynucleotides or complementary synthetic
polynucleotides of claims 1-27 in preparation of a medicament for the treatment of

gastrointestinal (GI) bleeding associated with Heyde’s Syndrome.
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Fig. 3

VF Multirner Preservation by BT-100
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Fig. 4

Fig. 4A

Fig. 4B

Fig. 4C

0 Gpllb/dla cross-linked platelet
N Gplba-VWF cross-linked platelet

A/ von Willebrand Factor
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Additional synthetic polynucleotide sequence(s) will be searched upon the payment of additional fees. Applicants must specify the
claims that encompass any additionally elected synthetic polynucleotide sequence(s). Applicants must further indicate, if applicable, the
claims which encompass the first named invention, if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to be searched.
An exemplary election would be a synthetic polynucleotide sequence comprising SEQ ID NO: 2 (claims 1-16).
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1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.
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--continued from Box 1il: Observations where unity of invention is lacking--

The inventions listed as Group I+ do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule 13.2,
they lack the same or corresponding special technical features for the following reasons:

Special technical features
The inventions of Group I+ each include the special technical feature of a unique nucleic acid sequence. Each nucleic acid sequence
would have dilferent properties, and is considered a distinct technical feature.

Shared technical features

No technical features are shared between the synthetic polynucleotide nucleic acid sequences of Group |+ and, accordingly, this group
lacks unity a priori.

Additionally, even if Groups I+ were considered to share the technical features of including a synthetic polynucleotide comprising at least
21 contiguous nucleotides, and a double stranded region having at least 6 base pairs, or a complementary synthetic polynucleotide,
these shared technical features are previously disclosed by US 2005/0130156 A1 to Frey et al., (hereinafter Frey).

Frey teaches a synthetic polynucleotide comprising at least 21 contiguous nucleotides, and a double stranded region having at least 6
base pairs, or a complementary synthetic polynucleotide (para [0010)-[0011] “the double-stranded polynucleotide comprises a double-
stranded oligonucleotide ... the double-stranded polynucleotide is ... between 50 and about 150 base-pairs in length”; [0019] "a method
for assembling double-stranded oligonucleotides”; [0040] "The oligonucleotide library member can comprise a (complementary base
paired) sequence CTCTCTTCA NNN NNN AGAAGAGC GGGTCTTCCAACT AGAGAATTCGATATCTGCA"; [0096] “"the sequence
homologous to the chimeric nucleic acid is x bases long, wherein x is an integer between 3 and 100, between 5 and 50"; [0263] "These
oligonucleotides can comprise a contiguous first homologous sequence, a degenerate N,N,G/T sequence, and, optionally, a second
homologous sequence"”).

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group |+ inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

NOTE, claims 18-26, 28-55 are held unsearchable because they are dependent claims and are not drafted in accordance with the
second and third sentences of Rule 6.4(a). i
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