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ATTENUATION OF REPERFUSION INJURY

FIELD OF THE INVENTION
[0001] This invention relates generally to attenuation of post-ischemic reperfusion injury

(IRI), and more particularly to compositions and methods useful in the attenuation of IRI.

BACKGROUND

[0002] Brief (transient) or prolonged restriction of blood flow to an organ or tissue results
in ischemia, an insufficient supply of oxygenated blood to that organ or tissue. In a clinical
sense, ischemia is typically caused by partial or complete obstruction of a blood vessel, such
as by stroke, myocardial infarction, or surgery in which the blood supply to the organ is
reduced or cut off. It occurs also when an organ or tissue subject to transplantation or
grafting, respectively, becomes ischemic after removal from the body. Reperfusion is the
process of restoring blood supply to an organ or tissue after an event that restricts or blocks
blood flow, for example by removal or lysis of a thrombus. Reperfusion also occurs
following organ transplantation when the circulation is re-established.

[0003] Transient ischemia produces reversible injury in many organs. However, re-
establishment of the circulation is associated with pathological changes that exacerbate tissue
damage, and is typically referred to as IRI. This type of injury significantly reduces the
success of recovery from stroke, myocardial infarction, organ transplantation and other types
of surgery.

[0004] IRI is a complex process and the underlying pathogenetic mechanisms are not
fully understood. Several earlier experimental animal and clinical studies, however, provide
insight on the subject. For example, myocardial infarctions in rabbit hearts (Farb et al. J. Am.
Coll. Cardiol. 1993; 21: 1295) and human hearts (Nijmeier et al. Int. Immunopharmacol.
2001; 1: 403) provide a model of IRI: myocytes are viable before reperfusion then progress to
irreversible injury during reperfusion. Apoptosis can contribute to myocardial cell death
during reperfusion, demonstrated by the finding that caspase inhibition protects against lethal
reperfusion injury (Mocanu et al., Br. J. Pharmacol. 2000; 130: 197). IRI is also lessened
when leukocytes are depleted (references in Nijmeijer et al., 2001).

[0005] Phospholipids are asymmetrically distributed in the plasma membrane bilayer of
normal cells. The acidic phospholipid phosphatidylserine (PS) is confined to the inner layer
facing the cytoplasm (Devaux and Zachowski, Chem. Phys. Lipids 1994; 73: 107) and
maintained in this orientation by an ATP-dependent phospholipid translocase. When ATP is
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depleted (for example, as a result of anoxia) some PS translocates to the outer layer and is
accessible on the cell surface. This process has been assayed by flow cytometry using a
fluorescently labeled protein that binds PS with high affinity, such as labeled annexin V
(Bossy-Wetzel and Green, Methods Enzymol. 2000; 322: 15).

[0006] Even though many advances have been made in surgical technique, patient
management, and immunosuppression, IRI remains an important clinical problem. IRI
accounts for as much as 10% of early graft loss in the case of transplanted livers (Amersi

et al., J. Clin. Invest. 1999; 104: 1631). In addition, preservation of livers longer than 12
hours is highly correlated with primary nonfunction after transplantation, as well as an
increased incidence of both acute and chronic rejection (Fellstrom et al., Transplant Proc.
1998; 30: 4278).

[0007] In spite of extensive research, including that reviewed by Selzner et al.
(Gastroenterology 2003; 125: 917), no method for decreasing IRI has become widely used in
the treatment of stroke or myocardial infarction, or in organ transplantation or tissue grafting.
It would be desirable to develop a therapeutic agent or procedure which attenuates or
prevents IRI from stroke or myocardial infarction, following organ transplantation, and in
other surgical procedures.

[0008] d'Amico et al. (FASEB J. 2000; 14: 1867) mention that annexin V did not inhibit
RIin the rat heart whereas lipocortin I (annexin I) did.

[0009] Pelton et al. (J. Exp. Med. 1991; 174: 305) mention that a fragment of lipocortin I,
injected into the cerebral ventricle of rats, decreased infarct size and cerebral edema after
cerebral ischemia.

[0010] Against this background, the present disclosure is provided.
SUMMARY

[0011] The present invention provides compositions for and methods of attenuating

and/or preventing IRI in a patient in need thereof, or in an organ or tissue in need thereof.

[0012] There is provided novel compositions for attenuating and/or preventing IR in a

patient in need thereof.

[0013] There is provided novel compositions for attenuating and/or preventing IRI in an

organ or tissue in need thereof.

[0014] The above compositions comprise an agent that binds with high affinity to PS on

cell surfaces. In some embodiments, the agent is a protein or other ligand to PS, such as an
2



WO 2008/008561 PCT/US2007/066561

annexin or modified annexin, a monoclonal or polyclonal antibody to PS, an antibody

fragment or construct binding PS, or another class of molecule found to have affinity for PS.

[0015] There is also provided a method of attenuating IRI comprising the administration

of a PS binding agent to a patient in need thereof.

[0016] There is also provided a method of preventing or limiting IRI comprising
administering to an organ transplant recipient a therapeutic composition that comprises a PS

binding agent.

[0017] There is further provided a method of preventing IRI to isolated cells or groups of

cells comprising adding PS binding agent to the isolated cells or groups of cells.

[0018] There is still further provided a method of protecting an organ or a tissue
susceptible to IRI comprising contacting the organ or tissue with a PS binding agent.
[0019] Further features and benefits of the invention will be apparent to one skilled in the

art from a reading of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGS. 1A-C show the structural scheme of two modified annexin embodiments.
FIG. 1A shows the structural scheme of human annexin V homodimer with a His-tag; FIG.
1B shows the structural scheme of the human annexin V homodimer without a His-tag. FIG.
1C shows a DNA construct for making a homodimer of annexin V.

[0021] FIGS. 2A-D show the results of flowcytometric analysis of a mixture of normal (1
x 107/m1) and PS exposing (1 x 10’/ml) RBCs incubated with 0.2 pg/ml biotinylated AV
(FIG. 2A); 0.2 pg/ml nonbiotinylated DAV (FIG. 2B); 0.2 ug/ml biotinylated AV and 0.2
ug/ml nonbiotinylated DAV (FIG. 2C); and 0.2 pg/ml biotinylated DAV and 0.2 pg/ml
nonbiotinylated AV (FIG. 2D), in each case, followed by R-phycoerythrein-conjugated
streptavidin.

[0022] FIG. 3-Blood radioactivity in rats following injection of radio-labelled DAV. The
decrease in blood radioactivity (open squares) is biphasic with an alpha-phase (closed
squares) and beta-phase (closed circles) superimposed.

[0023] FIG. 4 shows PLA;-induced hemolysis of PS-exposing RBC. A mixture of
normal (1 x 10”/ml) and PS exposing (1 x 10’/ml) RBCs was incubated with 100 ng/ml
pancreatic PLA, (pPLA,) or secretory PLA, (sPLA;). Hemolysis was measured as a function
of time and expressed relative to 100% hemolysis induced by osmotic shock. The percentage

of PS-exposing cells was determined by flow cytometry of the cell suspension after labeling
3



WO 2008/008561 PCT/US2007/066561

with biotinylated DAV and R-phycoerythrein-conjugated streptavidin. FIG. 4A shows
hemolysis induced by 100 ng/ml pPLA, in absence (triangles) or presence of 2 pg/ml DAV
(circles) or AV (squares). FIG. 4B shows hemolysis induced by 100 ng/ml pPLA in the
presence of various amounts of DAV (circles) or AV (squares). FIG. 4C shows PS-exposing
cells in the cell suspension after 60 minutes incubation with 100 ng/ml pPLA,; in the presence
of 2 ug/ml DAV.

[0024] FIG. 5 shows serum alanine aminotransferase (ALT) levels in mice sham operated
(Sham), mice given saline, mice given HEPES buffer 6 hours before clamping the hepatic
artery, mice given pegylated annexin (PEG Anex) or annexin dimer 6 hours before clamping
the artery, and mice given monomeric annexin (Anex). The asterisk above PEG ANNEX and
ANNEX DIMER indicates p<0.001.

[0025] FIG. 6A shows attachment of leukocytes to endothelial cells during IRI with and
without Diannexin for periportal sinusoids. FIG. 6B shows attachment of leukocytes to
endothelial cells during IRI with and without Diannexin for centrilobular sinusoids.

[0026] FIG. 7A shows attachment of platelets to endothelial cells during ischemia-
reperfusion injury with and without Diannexin for periportal sinusoids. FIG. 7B shows
attachment of platelets to endothelial cells during ischemia-reperfusion injury with and
without Diannexin for centrilobular sinusoids.

[0027] The Figures form part of the present specification and are included to further
demonstrate certain aspects of the present invention. The invention may be better understood
by reference to one or more of these drawings in combination with the detailed description of

specific embodiments presented herein.

DETAILED DESCRIPTION

[0028] Embodiments of the present invention provide compositions for and methods of
attenuating or preventing IRI in the context of stroke, myocardial infarction, organ
transplantation, tissue grafting, and surgery which restricts or cuts off blood supply to an

organ or tissue.

Compositions

[0029] Provided herein are pharmaceutical compositions comprising one or more agents
that bind PS on cell surfaces (referred to herein as “PS binding agents™), and a
pharmaceutically acceptable carrier. Such pharmaceutical compositions can be added to
cells, groups of cells, tissues, or organs, and/or administered to patients. These compositions

can be used according to the methods described herein, for example, to attenuate and/or
4
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prevent IRI in a patient in need thereof.

Methods of Treatment

[0030] Provided herein are methods of attenuating IRI comprising the administration of
one or more PS binding agents to a patient in need thereof.

[0031] The word “attenuating” as used herein is defined as decreasing or otherwise
reducing, and includes preventing and partially reversing. As applied herein, attenuating IRI
has, in some instances, the effect of decreasing and/or reducing this type of injury. In other
instances, attenuating IRI has the effect of partially reversing the injury. Partially reversing
IRI can occur when administration of PS binding agent reverses damage already resulting
from ischemia. Preventing IRI can occur when administration of a PS binding agent prevents
any amount, for example, from about 1% to about 100% of possible IRI.

[0032] Also provided herein are methods of protecting an organ or a tissue susceptible to
IRI comprising contacting the organ or tissue with a PS binding agent.

[0033] An organ or tissue susceptible to IRI includes, for example, an organ or tissue
which is transplanted, an organ or tissue at risk of ischemia during surgery, brain tissue

affected by stroke, and heart tissue affected by myocardial infarction.

Translocation of PS to Cell Surfaces

[0034] Hypoxia and subsequent reoxygenation of cultured endothelial cells (EC) results
in an increase in the binding of labeled annexin V to a cells’ surface (Ran et al., Cancer Res.
2002; 62: 6132). These findings show that PS is translocated to the surface of ECs during
hypoxia. Translocation was augmented by the pro-inflammatory cytokines IL-1a and TNFa,
and by acidity and oxidant stress, all of which are present under conditions when IRI occurs.
[0035] Translocation of PS to the cell surface has been identified as a marker for the early
stages of apoptosis. Human studies indicate that apoptosis is implicated in the process of
cardiomyocyte death, because apoptotic cells identified by labeled annexin V binding were
present in the infarcted area of myocardial samples obtained from patients who died of an
acute myocardial infarct (Krijnen et al., 2002, review). The sequence of events involved in
reperfusion is proposed to occur as follows: exposure of PS on the surface of ECs that are
still viable, and the binding to the ECs of leukocytes and platelets. These events block
microvascular blood flow, prolong anoxia and augment the damage resulting from the
preceding ischemia.

[0036] The contribution of leukocytes to IRI is apparent from studies on monocytes in

this process. The chemokine MCP-1 (monocyte chemoattractant protein-1) plays a major
5
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part in the recruitment of monocytes. For example, soon after reperfusion begins, MCP-1
messenger RNA is induced in the blood vessels of canine hearts (Kumar et al., Circulation
1997; 95: 693). One hour after reperfusion, there is a substantial recruitment of monocytes
into the canine heart (Birdsall et al., Circulation 1997; 97: 684). An antibody against MCP-1
significantly reduced the infarct size 24 hours after ischemia and reperfusion in the rat heart
(Ono et al., Lab. Invest. 1999; 79: 195). Transfection with a dominant-negative inhibitor of
MCP-1 was found to improve cardiac function after 6 hours of cold preservation (Kajihara
et al., Circulation 2003; 108, supp. II: 213). Conversely, overexpression of MCP-1 in the
mouse brain increased the recruitment of inflammatory cells and exacerbated ischemic brain
injury (Chen et al., J. Cerebral Blood Flow Metab. 2003; 23: 748).

[0037] The early stages of apoptosis, including PS translocation to the cell surface, are
reversible (Hammill et al., Exp. Cell Res. 1999, 251: 16; Jeangirard et al., J. Immunol. 1999,
162, 5712). Binding of monocytes or other phagocytic cells to such pre-apoptotic cells can
initiate the later, irreversible stages of apoptosis. The role of phagocytic cells in apoptosis
was revealed by genetic studies in Caenorhabiditis elegans. Programmed cell death in

C. elegans requires an interaction of target cells with phagocytic cells. Although engulfment
usually follows, changes characteristic of apoptosis, e.g., the generation of free DNA 3'-
hydroxyl ends, can occur without phagocytosis (Wu et al., Genes Develop. 2000; 14: 536).
Mutations in either target cells or phagocytic cells prevent apoptosis (Reddien et al., Nature
2001; 412: 198). Apoptosis in mammalian cells follows a similar sequence. Reddien et al.
conclude that phagocytic cells promote the suicides of many (and perhaps all) cells triggered
to initiate programmed cell death. This concept may be extended to postulate that recruited
monocytes trigger the later stages of apoptosis in ECs and other cell types during IRL
[0038] As discussed above, a distinguishing marker of cells in the early stages of
apoptosis is the presence of PS on their surface. Activated monocytes and macrophages
express surface receptors for PS (Fadok et al., Nature 2000; 405: 85), and these receptors
mediate attachment to and phagocytosis of apoptotic cells. However, as in the case of

C. elegans, the binding of recruited monocytes to ECs and other cells expressing PS may
trigger the later stages of apoptosis, including TUNEL positivity and caspase 3 activation,
without actual engulfment.

[0039] A group of enzymes with phospholipase A, (PLA,) activity plays an important
role in the generation of eicosanoid and other lipid mediators of inflammation, thrombosis,

and reperfusion injury. Secretory PLA, (sSPLA;) is released from activated monocytes, as

6
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well as other cell types, and is detectable during IRI. Elevated levels of sPLA; in the
circulation are associated with an increased risk for cardiovascular events (Kugiyama et al.,
Circulation 1999; 10: 1280). Significant elevations of sPLA; in peripheral blood have been
shown in humans with acute myocardial infarction (Nijmeier et al., Int. Immunopharmacol.
2001; 1: 403). sPLA, acts on membranes or vesicles with externalized PS (Fourcade et al.,
Cell 1995; 80: 919) to generate lysophosphatidylcholine (LPC) and lysophosphatidic acid
(LPA). LPC is chemotactic for monocytes (Lauber et al., Cell 2003; 113: 717) and could
have synergistic effects with MCP-1 in the recruitment of these cells into sites undergoing
IRI. LPA induces rounding of EC, which promotes extravasation of proteins and edema
(Amerongen et al., Arterioscl. Thromb. Vasc. Biol. 2000; 20:127). LPC also induces Ca**
influx into cardiac myocytes, which may be important in the induction of ventricular
arrhythmia following acute myocardial infarction (Hashizume et al., Jpn. Heart J. 1997; 38:
11). LPA binds to several high-affinity G protein (Edg) receptors. Selective blockade of
LPA3 receptors reduces murine renal IRI (Okusa et al., Am. J. Physiol. 2003; 285: F565).
Another product of sPLA,; activity is arachidonic acid, which accumulates in rat hearts during
IRI (van der Vusse et al., Ann. NY Acad. Sci. 1994; 723: 1). Arachidonic acid can itself
induce apoptosis and is the precursor of prostaglandins and other lipid mediators, including,
for example, thromboxane A, which can contribute to rethrombosis and vasoconstriction. If
ECs are damaged, the effects of thromboxane would not be opposed by prostacyclin and

nitric oxide.

Surgery, Stroke, and Mvocardial Infarction

[0040] By administrating one or more PS binding agents to a patient undergoing surgery,
IRI following the operation can be prevented and the organ to which blood supply was
restricted or cut off can be protected. Postoperative critical care will decrease because organ
or tissue dysfunction is ameliorated or completely avoided. Any type of surgery is
contemplated herein, including surgery that involves restriction of blood supply to an organ
or tissue. Illustrative surgical procedures that can benefit from the methods described herein
include but are not limited to abdominal surgery, abdominoplasty, adenoidectomy,
amputation, angioplasty, appendectomy, arthrodesis, arthroplasty, brain surgery, cesarean
section, cholecystectomy, colon resection, colostomy, corneal transplantation, discectomy,
endarterectomy, gastrectomy, grafting of skin or other tissues, heart transplantation, heart
surgery hemicorporectomy, hemorrhoidectomy, hepatectomy, hernia repair, hysterectomy,

kidney transplantation, laminectomy, laryngectomy, lumpectomy, lung transplantation,

7
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mammoplasty, mastectomy, mastoidectomy, myotomy, nephrectomy, nissen fundoplication,
oophorectomy, orchidectomy, orthopedic surgery, parathyroidectomy, penectomy,
phalloplasty, pneumonectomy, prostatectomy, radiosurgery, rotationplasty, splenectomy,
stapedectomy, thoracotomy, thrombectomy, thymectomy, thyroidectomy, tonsillectomy,
ulnar collateral ligament reconstruction, vaginectomy, and vasectomy.

[0041] In some instances, IRI is caused by surgery which restricts or cuts off blood
supply to a tissue or organ. Here, a PS binding agent, for example, can be administered up to
at least about 6 hours prior to surgery, during surgery, and/or up to at least 7 days after
surgery.

[0042] In other instances, IRI is caused by stroke or myocardial infarction.

[0043] According to a World Health Organization estimate 15 million people experience
a stroke every year (www.who.int.). Of these, 5 million die and 5 million are left with
permanent disability. Stroke is the third leading cause of death and the leading cause of adult
disability in the United States and industrialized European nations, and a major cause of
severe, long-term disability. Stroke is an acute neurological injury in which the blood supply
to a part of the brain is interrupted, resulting in sudden loss of neuronal function due to
disturbance in cerebral perfusion. This disturbance in perfusion is commonly arterial, but can
be venous. The area of the brain of the brain where the stroke occurs becomes ischemic and
affected tissue can die or be seriously damaged. In an ischemic stroke, a blood vessel
becomes occluded and the blood supply to part of the brain is totally or partially blocked.
[0044] Ischemic stroke is generally divided into three categories: thrombotic stroke,
embolic stroke, and systemic hypoperfusion (Watershed or Border Zone stroke).

[0045] The great majority (nearly 80%) of strokes follow occlusion of a cerebral artery
by a thrombus. Thrombotic stroke involves a thrombus build up, often around atherosclerotic
plaques, gradually narrowing the lumen of the artery and impeding blood flow to distal tissue.
Blockage of the artery is gradual, and the onset of a symptomatic thrombotic stroke may be
slower than that of an embolic stroke. A thrombus, even if non-occluding, can lead to an
embolic stroke if the thrombus breaks off, becoming an embolus. Cerebral thrombosis
produces a central area in which vascular perfusion is severely impaired and results in rapid
and irreversible brain damage. Surrounding this infarct is an area where vascular perfusion is
reduced. Early restoration of blood flow (reperfusion) can salvage brain tissue in this area,
thereby decreasing neurological disability.

[0046] Embolic stroke is the blockage of arterial access to a part of the brain by an

8
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embolus, a traveling particle or debris in the arterial bloodstream originating outside the
brain. An embolus is most frequently a blood clot; however a plaque broken off from an
atherosclerotic blood vessel, fat (e.g., from bone marrow in a broken bone), air, or cancerous
cells can cause an embolic stroke.

[0047] Systemic hypoperfusion, another cause of ischemic stroke, is the reduction of
blood flow to all parts of the body, and commonly the result of cardiac pump failure from
cardiac arrest or arrhythmias, or from reduced cardiac output during myocardial infarction,
pulmonary embolism, pericardial effusion, or bleeding. Because the reduction in blood flow
is global, all parts of the brain may be affected, especially border zone regions or “watershed
areas” supplied by the major cerebral arteries. Blood flow to the brain during systemic
hypoperfusion does not necessarily stop, but may decrease to the point where brain damage
occurs.

[0048] Two therapies are approved by regulatory authorities to promote reperfusion after
stroke: intravenous administration of tissue plasminogen activator, which lyses thrombi, and
a mechanical device that allows retrieval of thrombi from within cerebral vessels (Merci
Concentric Retriever). A limitation of both these therapies is that during reperfusion vascular
permeability can be increased, resulting in edema and consequent impairment of cerebral
function (Maier et al. Ann.Neurol. 2006; 59:929-938). An even more serious complication of
reperfusion is breakdown of blood vessel integrity, leading to hemorrhage. Post-reperfusion
hemorrhage is associated with high morbidity and mortality. An additional complication is
re-thrombosis after lysis or removal of the original thrombus.

[0049] An alternative method to treat stroke is contemplated herein and comprises the
administration of a PS binding agent. In some embodiments, one or more PS-binding agents
can, for example, be administered prior to surgery to remove the thrombus, during surgery,
during reperfusion, after reperfusion, or any combination thereof. A PS-binding agent can
also, for example, be administered to a patient suffering from systemic hypoperfusion,
especially while the caregiver is assessing and/or treating the cause of the hypoperfusion.
[0050] The therapeutic strategy provided herein can also be used in combination with a
thrombolytic agent or mechanical removal of the thrombus. Additional use of a
neuroprotective agent, such as erythropoietin or an analog thereof, can further improve
recovery following cerebral thrombosis.

[0051] Acute myocardial infarction (MI), commonly known as a heart attack, is a disease

state that occurs when the blood supply to a part of the heart is interrupted. The resulting
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oxygen shortage (ischemia) causes damage and potential death of heart tissue. It is the
leading cause of death for both men and women all over the world (www.who.int.). The
most common triggering event is the disruption of an atherosclerotic plaque in an epicardial
coronary artery, which leads to a clotting cascade, and sometimes results in total occlusion of
the artery.

[0052] To treat MI, a PS binding agent can, for example, be administered in conjunction
with thrombolytic drug therapy, or prior to any reperfusion related surgery, including
percutaneous coronary intervention or coronary artery bypass surgery. A PS-binding agent
can also, for example, be administered anytime after signs or symptoms of MI are apparent.
In some instances, this is within at least about 12 hours of the MI event, for example, within
at least about 10 hours, or within at least about 8 hours, or within at least about 6 hours of the

MI event.

Organ Transplants and Tissue Grafting

[0053] In some instances, IRI is caused by organ transplantation. In other instances, IRI
is caused by tissue grafting. In either situation, a PS binding agent can, for example, be
administered to a transplant or graft recipient up to at least about 6 hours prior to reperfusion,
up to at least about 3 hours prior to reperfusion, up to at least about 1 hour prior to
reperfusion, during reperfusion, and/or up to at least about 1 hour after commencing
reperfusion.

[0054] A transplanted organ is typically recovered from a donor and perfused with a
saline solution or placed in such a solution. The University of Wisconsin solution originally
introduced by Belzer et al. is one such solution (Transplantation 1988; 45: 673). The organ is
then preserved on ice for several hours while being transported to the recipient patient.
During this period the organ is anoxic, ATP is depleted, and phospholipid asymmetry in the
plasma membrane of endiothelial cells (ECs) and other cell types is lost. Under normal
conditions an ATP-dependent phospholipid translocase maintains this asymmetry, confining
PS to the inner leaflet of the plasma membrane bilayer. Following anoxia, PS is translocated
to the outer leaflet of the EC plasma membrane, as demonstrated by annexin V binding to the
surface of anoxic cultured cells (Ran et al. Cancer Res. 2002; 62: 6132). We provide herein
that the loss of phospholipid asymmetry in ECs and other cells is a major event in the
pathogenesis of IRI. The PS exposed on the surfaces of ECs promotes the attachment to
them of leukocytes and platelets, which obstructs microvascular blood flow. The binding to

EC:s of activated monocytes can then trigger the terminal sequence of apoptotic events in
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ECs. Impairment of blood flow to target organ cells, such as hepatocytes or cardiomyocytes,
leads to their death by apoptosis and/or necrosis.

[0055] Generally, the methods provided herein comprise protecting an organ or tissue
susceptible to reperfusion injury by contacting the organ with a PS binding agent. For
example, an organ or tissue can be contacted with a PS binding agent, e.g., modified annexin
protein, by intravenously administering about 10 to 1000 pg/kg of the PS binding agent to a
patient who has an organ or tissue susceptible to IRI, even if the organ is a transplanted fatty
liver.

[0056] Organ transplantation permits survival of patients who would otherwise die of
heart, liver, or lung disease, and provides an improved quality of life for patients on renal
dialysis. Because there is a shortage of organs for transplantation, it would be advantageous
if organs from non-ideal, extended-criteria donors could be transplanted successfully.
Pretransplant correlates of diminished graft survival include advanced donor age, long-
standing donor hypertension or diabetes mellitus, non-heartbeating cadaver donors and
prolonged cold preservation time (A. O. Ojo et al. J. Am. Soc. Nephrol. 2001; 12: 589). The
outcome of liver transplants is less successful if the donor organs are steatotic (Amersi et al.,
Proc. Natl. Acad. Sci. U.S.A. 2002; 99: 8915), a common occurrence especially among
ageing donors.

[0057] The methods and compositions provided herein are therefore useful to increase the
percentage of successful organ transplants and tissue grafts, to prolong graft and patient
survival, and to increase the pool of candidate donor organs. As the number of patients who
might benefit from organ transplantation greatly exceeds the number of organs available, an
increased likelihood of a successful transplant would increase the quality of life, add years to
a transplant patient’s lifespan, and ultimately save lives. It will also reduce the need for
hospital care, and consequent costs.

[0058] By administering a PS binding agent to a recipient of an organ transplant at time
of transplantation or shortly afterwards, development of IRI in the transplanted organ can be
attenuated or prevented. As a result, the function of the transplanted organ is more rapidly
recovered, a prerequisite for the success of the organ transplantation. In kidney
transplantation, the prevention of renal dysfunction after transplantation decreases
dependence of the patient on hemodialysis. In liver, heart, and lung transplantations, the
early proper function of the transplanted organ is critical to decreasing morbidity and

mortality of the patients. By adding a PS binding agent to the artificial preservation solution
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used for organ perfusion and/or for cold storage, IRI in the transplanted organ can also be

prevented, the organ protected, and functional recovery after transplantation promoted.

Agents binding PS on Cell Surfaces

[0059] As used herein, a “PS binding agent” is any molecule that binds to PS externalized
on cell surfaces and inhibits interaction thereby, for example, interaction between a receptor
and PS. In some embodiments, inhibition can occur because the binding agent is bound to
PS. In other embodiments, the binding agent is associated with PS. In some aspects, this
inhibition restrains or retards physiologic, chemical, or enzymatic action between PS and PS
interacting molecules. In other aspects, a binding agent blocks, restricts, or interferes with a
particular chemical reaction or other biologic activity. In still other aspects, a binding agent
prevents recognition of PS by cells such as leukocytes, monocytes and platelets, thereby
preventing interaction between a cell expressing PS and the monocytes, leukocytes and
platelets.

[0060] According to the compositions and methods herein, the binding agent is a protein
or other agent that binds to PS exposed on cell surfaces. Such an agent can be any molecule
that binds PS with high affinity or binds some structure on cell surfaces associated with PS,
such as a component of lipid rafts. The PS-binding agent can bind PS translocated to the
surface of ECs as a result of anoxia, or to PS externalized to the surface of platelets or other
cells during their activation. By binding PS on cell surfaces, such an agent can inhibit the
attachment to them of other cell types or of some enzymes. An example is the attachment of
leukocytes and platelets to ECs during IRI. A second example is the docking and activity of
secretory isoforms of PLA,. A third example is the assembly and activity of the

prothrombinase complex on PS translocated to the surface of platelets, ECs and other cell

types.

Annexins as Agents Binding PS on Cell Surfaces

[0061] In some aspects, the PS binding agent is a modified annexin. As used herein, the
phrase “modified annexin” refers to any annexin protein that has been modified in such a way
that its half-life in a recipient is prolonged. Modified annexin refers to the subject matter
disclosed in U.S. Patent Application No. 11/267,837, which is incorporated by reference in its
entirety.

[0062] The clearance rate of proteins from circulation into the urine primarily depends on
the molecular weight of the protein. When the clearance rate of a naturally occurring protein

is compared with the clearance rate of the same protein conjugated with polyethylene glycols
12



WO 2008/008561 PCT/US2007/066561

of different chain lengths, effectively increasing their molecular weight, a decrease in renal
clearance is demonstrated at about 70 kD, the well-established renal threshold (Knauf et al., J.
Biol. Chem. 1988; 263: 15064). For example, the half-life of annexin V (36 kDa) in the
circulation of cynomolgus monkeys was found to be less than 15 minutes (Romisch et al.
Thromb. Res. 1991; 61: 93). The protein passes rapidly from the circulation into the kidneys
(Thiagarajan et al., Circulation 1997; 96: 2339). As shown below in Example 3, the terminal
half-life of Diannexin (a modified annexin having two annexin proteins attached with a novel
linker protein) in the rat was found to be about 5 hours by 1257 labeling and 2.5 hours by
ELISA. In cynomolgus monkeys the terminal half-life of Diannexin in circulation, assayed
by ELISA, was about 5 hours. The use of annexin proteins as therapeutic agents can require
in some instances an increase in the molecular weight of the protein to prolong its survival in
the circulation and increase its therapeutic efficacy.

[0063] Annexins include proteins of the annexin family, such as Annexin I, Annexin II
(lipocortin 2, calpactin 1, protein I, p36, chromobindin 8), Annexin III (lipocortin 3, PAP-III),
Annexin IV (lipocortin 4, endonexin I, protein II, chromobindin 4), Annexin V (Lipocortin 5,
Endonexin 2, VAC-alpha, Anchorin CII, PAP-I), Annexin VI (Lipocortin 6, Protein 111,
Chromobindin 20, p68, p70), Annexin VII (Synexin), Annexin VIII (VAC-beta), Annexin XI
(CAP-50), and Annexin XIII (ISA).

[0064] An annexin gene includes all nucleic acid sequences related to a natural annexin
gene such as regulatory regions that control production of the annexin protein encoded by the
gene (such as, but not limited to, transcription, translation, or post-translation control regions)
as well as the coding region itself. An annexin gene in accordance to the disclosure herein
includes allelic variants. An allelic variant is a gene that occurs at essentially the same locus
in the genome, but which, due to natural variations caused by, for example, mutation or
recombination, has a similar but not identical sequence. Allelic variants typically encode
proteins having similar activity to that of the protein encoded by the gene to which they are
being compared. Allelic variants are well known to those skilled in the art and would be
expected to be found within a given human since the genome is diploid and/or among a
population comprising two or more humans.

[0065] In more detail, Annexin I is a 37 kDa member of the annexin superfamily of
proteins. The protein is predominantly expressed within gelatinase granules of neutrophils
and is externalized onto the cell membrane after cell adhesion to endothelial cells.

[0066] Annexin III is also called “lipocortin 3” or “placental anticoagulant protein 3” and
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is a member of the lipocortin/annexin family. Annexin III binds to phospholipids and
membranes in a Ca®* dependent manner and has been shown to have anticoagulant and anti-
phospholipase A, properties. Suppression of Annexin III expression has been shown to
inhibit DNA synthesis in rat hepatocytes (Nimmi, et al., Biol. Pharm. Bull. 2005; 28:424).
[0067] Annexin IV (endonexin) is a 32 kDa, Ca**-dependent membrane-binding protein
which shares many of the properties of Annexin V. The translated amino acid sequence of
Annexin IV shows the four domain structure characteristic of proteins in this class. Annexin
IV is a close structural homologue of Annexin V and has 45-59% identity with other
members of its family, sharing a similar size and exon-intron organization. The sequence of
Annexin IV is shown in Hamman et al., Biochem. Biophys. Res. Comm., 156:660-667.
(1988). Isolated from human placenta, Annexin IV encodes a protein that has in vitro
anticoagulant activity, binds acidic phospholipid membranes in the presence of calcium, and
inhibits phospholipase A, activity. Annexin IV is almost exclusively expressed in epithelial
cells.

[0068] Annexin V is a member of the Ca**-dependent phospholipid-binding proteins. It
binds to PS with high affinity. The core domain is a concave discoid structure that can be
closely apposed to phospholipid membranes. It contains 4 subdomains, each consisting of a
70 amino-acid annexin repeat made up of five alpha-helices. The sequence of annexin V is
well known (See Funakoshi et al., 1987; 26:8087).

[0069] Annexin VIII belongs to the family of Ca**-dependent phospholipid binding
proteins (annexins) having high sequence identity to Annexin V (§6%) (Hauptmann, et al.,
Eur. J. Biochem. 1989; 185(1):63-71). Initially isolated as a 2.2 kb vascular anticoagulant-
beta, annexin VIII is neither an extracellular protein nor associated with the cell surface, and
may not play a role in coagulation. Annexin VIII is expressed at low levels in human
placenta and shows restricted expression in lung, vascular ECs, skin, liver, and kidney.
[0070] In aspects of the invention, Annexin V homodimers have the capacity to bind
externalized PS located on cell surfaces. Similar properties can be predicted for other
annexin homodimers, annexin heterodimers, annexin heterotetramers, or annexins coupled to
additional non-annexin proteins.

[0071] In some aspects, annexin proteins are modified to increase their half-life in
humans or other mammals. In some embodiments, the annexin protein is annexin V, annexin
IV or annexin VIII. One suitable modification of annexin is an increase in its effective size,

which inhibits loss of the modified annexin, i.e., from the vascular compartment, into the
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extravascular compartment and urine, thereby prolonging the annexin activity in the vascular
compartment. Any increase in effective size of the annexin protein that maintains a sufficient
binding affinity with PS is contemplated herein.

[0072] In one embodiment, an annexin protein is coupled to one or more annexin proteins
(homodimers, heterodimers, etc.) or to one or more non-annexin proteins. Modification can
be accomplished through a fusion segment, or by the Fc portion of an immunoglobulin. An
alternative method for increasing the effective size of proteins is coupling to polyethylene
glycol (PEG) or another molecule. For example, coupling by pegylation is achieved by
coupling one or more PEG chains to one or more annexin proteins. A PEG chain can have a
molecular weight of at least about 10 kDa, or at least about 20 kDa, or at least about 35 kDa.
The annexin is coupled to PEG in such a way that the modified annexin is capable of
performing the function of annexin binding to PS on cell surfaces.

[0073] According to some embodiments, modified annexin proteins and mixtures thereof
are used in methods for preparing pharmaceutical compositions intended for use in any of the
therapeutic methods of treatments described above.

[0074] In one embodiment, a modified annexin contains a recombinant human annexin
protein coupled to PEG in such a way that the modified annexin is capable of performing the
function of annexin in a phosphatidylserine (PS)-binding assay. The activity of the
intravenously administered annexin-PEG conjugate is prolonged as compared with that of the
free or non-modified annexin. The recombinant annexin protein coupled to PEG can be
annexin V protein or another annexin protein. In one embodiment, the annexin protein is
annexin V, annexin IV or annexin VIIL

[0075] PEG consists of repeating units of ethylene oxide that terminate in hydroxyl
groups on either end of a linear or, in some cases, branched chain. The size and molecular
weight of the coupled PEG chain depend upon the number of ethylene oxide units it contains,
which can be selected. Any size of PEG and number of PEG chains per annexin molecule
can be used such that the half-life of the modified annexin is increased, relative to annexin,
while preserving the function of binding of the modified molecule to PS. The optimal
molecular weight of the conjugated PEG varies with the number of PEG chains. In one
embodiment, two PEG molecules of molecular weight of at least about 15 kDa, are each
coupled to an annexin molecule. The PEG molecules can be linear or branched. The
Ca**-dependent binding of annexins to PS is affected not only by the size of the coupled PEG

molecules, but also the sites on the protein to which PEG is bound. Optimal selection ensures
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that desirable properties are retained. Selection of PEG attachment sites is facilitated by
knowledge of the three-dimensional structure of the molecule and by mutational and
crystallographic analyses of the interaction of the molecule with phospholipid membranes
(Campos et al., Biochemistry 37:8004-8008 (1998), incorporated herein by reference).

[0076] PEG derivatives have been widely used in covalent attachment (referred to as
pegylation) to proteins to enhance solubility, as well as to reduce immunogenicity,
proteolysis, and kidney clearance. The superior clinical efficacy of recombinant products
coupled to PEG is well established. For example, PEG-interferon alpha-2a administered once
weekly is significantly more effective against hepatitis C virus than three weekly doses of the
free interferon (Heathcote et al., N. Engl. J. Med. 343:1673-1680 (2000), incorporated herein
by reference). Coupling to PEG has been used to prolong the half-life of recombinant
proteins in vivo (Knauf et al., J. Biol. Chem. 266:2796-2804 (1988), incorporated herein by
reference), as well as to prevent the enzymatic degradation of recombinant proteins and to
decrease the immunogenicity sometimes observed with homologous products (references in
Hermanson, Bioconjugate techniques. New York, Academic Press (1996), pp. 173-176,
incorporated herein by reference).

[0077] In another embodiment, the modified annexin protein is a polymer of annexin
proteins that has an increased effective size. It is believed that the increase in effective size
results in prolonged half-life in the vascular compartment and prolonged activity. One such
modified annexin is a dimer of annexin proteins. In one embodiment, the dimer of annexin is
a homodimer of annexin V, annexin IV or annexin VIII. In another embodiment, the dimer
of annexin is a heterodimer of annexin V and other annexin protein (e.g., annexin IV or
annexin VIII), annexin IV and another annexin protein (e.g., annexin V or annexin VIII) or
annexin VIII and another annexin protein (e.g., annexin V or annexin IV). The annexin
homopolymer or heteropolymer can be produced by bioconjugate methods or recombinant
methods, and be administered by itself or in a PEG-conjugated form.

[0078] One or more fusion segments can be used to couple one or more annexin
proteins, typically referred to as “fusion proteins”. A “fusion protein” refers to a first protein
having attached one or more additional proteins. The protein can be fused using recombinant
DNA techniques, such that the first and second proteins are expressed in frame.

[0079] Inclusion of a fusion sequence as part of a modified annexin nucleic acid molecule
can enhance stability during production, storage, and/or use of the protein encoded by the

nucleic acid molecule. The fusion segment can be a domain of any size that has the desired
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function. Fusion segments can be constructed to contain restriction sites to enable cleavage
for recovery of desired proteins.

[0080] In some embodiments, the modified annexins have increased affinity for PS. As
described in Example 1, a homodimer of human annexin V (DAV) was prepared using well-
established methods of recombinant DNA technology. The annexin molecules of the
homodimer are joined through peptide bonds to a flexible linker (FIG. 1).

[0081] In other embodiments, the flexible linker contains a sequence of amino acids
flanked by a glycine and a serine residue at either end to serve as swivels. Such swivels
allow rotation of each annexin monomer around the long axis of the linker. The linker can
comprise one or more such "swivels." In some aspects, the linker comprises 2 swivels which
can be separated by at least 2 amino acids, at least 4 amino acids, at least 6 amino acids, at
least 8§ amino acids, or at least 10 amino acids. The overall length of the linker can be 5 to 30
amino acids, 5 to 20 amino acids, 5 to 10 amino acids, 10 to 15 amino acids, or 10 to 20
amino acids. The dimer can fold in such a way that the convex surfaces of the monomer,
which bind Ca** and PS, can both gain access to externalized PS. Flexible linkers are known
in the art, for example, (GGGGS)m) (SEQ ID NO: 24) (n=3-4), as well as helical linkers with
less flexibility, (EAAAK)qy) (SEQ ID NO: 25) (n=2-5), described in Arai, et al., Proteins.
2004 Dec. 1; 57(4):829-38.

[0082] An illustrative linker represented by SEQ ID NO: 28 comprises 14 amino acids
with a Gly-Ser sequence on both ends. The linker was designed to have no secondary
structure and to allow flexibility and rotation around its length. The particular amino acids of
the linker were also chosen for their low immunogenicity. Various linker amino acid
sequences and lengths are described in U. S. Patent Application Serial No. 11/613,125, filed
December 19, 2006 which is incorporated by reference herein in its entirety.

[0083] In another embodiment, recombinant annexin is expressed with, or chemically
coupled to, another protein such as the Fc portion of immunoglobulin. Such expression or
coupling increases the effective size of the molecule, preventing the loss of annexin from the
vascular compartment and prolonging its anticoagulant action. Fc refers to both native and
mutant forms of the Fc region of an antibody that contain one or more of the Fc region’s CH
domains, including truncated forms of Fc polypeptides containing the dimerization-
promoting hinge region. Fc polypeptides derived from human IgG1 antibody are illustrative
polypeptides for use in fusion proteins described herein.

[0084] In some aspects, an agent binding PS on cell surfaces is an isolated modified
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annexin protein. The modified annexin protein can contain annexin I, annexin II, annexin IV,
annexin V, or annexin VIII. In some embodiments, the protein is modified human annexin.
In some embodiments, the modified annexin contains recombinant human annexin. The
terms "isolated" and "biologically pure" do not necessarily reflect the extent to which the
protein has been purified. An isolated or biologically pure protein is a protein that has been
removed from its natural environment. Typically, “isolated” refers to a polynucleotide or
polypeptide that has been separated from at least one contaminant (polynucleotide or
polypeptide) with which it is normally associated. For example, an isolated polynucleotide or
polypeptide is in a context or in a form that is different from that in which it is found in
nature. An isolated modified annexin protein can be obtained from its natural source, can be
produced using recombinant DNA technology, or can be produced by chemical synthesis. As
used herein, an isolated modified annexin protein can be a full-length modified protein or any
homologue of such a protein. It can also be (e.g., for a pegylated protein) a modified full-
length protein or a modified homologue of such a protein.

[0085] The minimal size of a protein homologue is a size sufficient to be encoded by a
nucleic acid molecule capable of forming a stable hybrid with the complementary sequence
of a nucleic acid molecule encoding the corresponding natural protein. As such, the size of
the nucleic acid molecule encoding such a protein homologue is dependent on nucleic acid
composition and percent homology between the nucleic acid molecule and complementary
sequence as well as upon hybridization conditions per se (e.g., temperature, salt
concentration, and formamide concentration). The minimal size of such nucleic acid
molecules is typically at least about 12 to about 15 nucleotides in length if the nucleic acid
molecules are GC-rich and at least about 15 to about 17 bases in length if they are AT-rich.
As such, the minimal size of a nucleic acid molecule used to encode a protein homologue is
from about 12 to about 18 nucleotides in length. There is no limit on the maximal size of
such a nucleic acid molecule in that the nucleic acid molecule can include a portion of a gene,
an entire gene, or multiple genes or portions thereof. Similarly, the minimal size of an
annexin protein homologue or a modified annexin protein homologue is from about 4 to
about 6 amino acids in length, with sizes depending on whether a full-length, multivalent
(i.e., fusion protein having more than one domain, each of which has a function) protein, or
functional portions of such proteins are desired. Annexin and modified annexin homologues
as used herein typically have activity corresponding to the natural subunit, such as being able

to attenuate or prevent reperfusion injury.
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[0086] Annexin protein and modified annexin homologues can be the result of natural
allelic variation or natural mutation. The protein homologues can also be produced using
techniques known in the art, including, but not limited to, direct modifications to the protein
or modifications to the gene encoding the protein using, for example, classic or recombinant
DNA techniques to effect random or targeted mutagenesis.

[0087] Also included in embodiments of the invention are modified annexin protein
containing an amino acid sequence that is between at least about 70% and about 100%, for
example, at least about 75%, at least about 80%, at least about 85%, at least about 90%, at
least about 95%, 96%, 97%, 98%, or at least about 99%, identical to amino acid sequence
SEQ ID NO:3, SEQ ID NO:6, SEQ ID NO:12, SEQ ID NO:15, SEQ ID NO:19, SEQ ID
NO:23 or a protein encoded by an allelic variant of a nucleic acid molecule encoding a
protein containing any of these sequences. Also included is a modified annexin protein
comprising more than one of SEQ ID NO:3, SEQ ID NO:6, SEQ ID NO:12, SEQ ID NO:15;
SEQ ID NO:19, or SEQ ID NO:23; for example, a protein comprising SEQ ID NO:3 and
SEQ ID NO:12 and separated by a linker. The term “identity” as used herein refers to a
comparison between pairs of nucleic acid or amino acid molecules. Methods to determine
percent identities between amino acid sequences and between nucleic acid sequences are
known to those skilled in the art. Methods to determine percent identities between sequences
include computer programs such as the GCG® Wisconsin package™ (available from
Accelrys Corporation) which uses the algorithm of Smith and Waterman (Adv. Appl. Math.
1981, 2:482-489), the DNAsis™ program (available from Hitachi Software, San Bruno,
Calif.), the Vector NTI Suite (available from Informax, Inc., North Bethesda, Md.), or the
BLAST software available on the NCBI website.

[0088] In another embodiment, a modified annexin protein includes an amino acid
sequence of at least about 5 amino acids to about the full length protein or about 319 amino
acids, for example, at least about 50 amino acids, at least about 100 amino acids, at least
about 200 amino acids, at least about 250 amino acids, at least about 275 amino acids, at least
about 300 amino acids, or at least about 319 amino acids or the full-length annexin protein,
whichever is shorter. In another embodiment, annexin proteins contain full-length proteins,
i.e., proteins encoded by full-length coding regions, or post-translationally modified proteins
thereof, such as mature proteins from which initiating methionine and/or signal sequences or
"pro" sequences have been removed.

[0089] A fragment of a modified annexin protein as used herein can contain at least about
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5 amino acids to at least about 100 amino acids, for example, at least about 10 amino acids, at
least about 15 amino acids, at least about 20 amino acids, at least about 25 amino acids, at
least about 30 amino acids, at least about 35 amino acids, at least about 40 amino acids, at
least about 45 amino acids, at least about 50 amino acids, at least about 55 amino acids, at
least about 60 amino acids, at least about 65 amino acids, at least about 70 amino acids, at
least about 75 amino acids, at least about 80 amino acids, at least about 85 amino acids, at
least about 90 amino acids, at least about 95 amino acids, or at least about 100 amino acids in
length.

[0090] In one embodiment, an isolated modified annexin protein contains a protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:4, SEQ ID
NO:17 or SEQ ID NO:21. Alternatively, the modified annexin protein contains a protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:1 or by an
allelic variant of a nucleic acid molecule having one of these sequences. Alternatively, the
modified annexin protein contains more than one protein sequence encoded by a nucleic acid
molecule having the nucleic acid sequence SEQ ID NO:1, SEQ ID NO:10, SEQ ID NO:13 or
by an allelic variant of a nucleic acid molecule having this sequence.

[0091] In one embodiment, an isolated modified annexin protein contains a protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:10 or by an
allelic variant of a nucleic acid molecule having this sequence. Alternatively, the modified
annexin protein contains more than one protein sequence encoded by a nucleic acid molecule
having the nucleic acid sequence SEQ ID NO:10 or by an allelic variant of a nucleic acid
molecule having this sequence (e.g., SEQ ID NO: 12-linker-SEQ ID NO: 12; SEQ ID
NO:19).

[0092] In another embodiment, an isolated modified annexin protein is a modified protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:13 or by an
allelic variant of a nucleic acid molecule having this sequence. Alternatively, the modified
annexin protein contains more than one protein sequence encoded by a nucleic acid molecule
having the nucleic acid sequence SEQ ID NO:13 or by an allelic variant of a nucleic acid
molecule having this sequence (e.g., SEQ ID NO: 15--linker--SEQ ID NO: 15; SEQ ID
NO:23).

[0093] In another embodiment, an isolated modified annexin protein contains a protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:1 and a

protein encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:10,
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or by allelic variants of these nucleic acid molecules (e.g., SEQ ID NO: 3--linker--SEQ ID
NO:12 or SEQ ID NO:12--linker--SEQ ID NQO:3).

[0094] In another embodiment, an isolated modified annexin protein contains a protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:1 and a
protein encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:13,
or by allelic variants of these nucleic acid molecules (e.g., SEQ ID NO:3--linker--SEQ ID
NO:15 or SEQ ID NO:15-linker-SEQ ID NO:3).

[0095] In another embodiment, an isolated modified annexin protein contains a protein
encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:10 and a
protein encoded by a nucleic acid molecule having the nucleic acid sequence SEQ ID NO:13,
or by allelic variants of these nucleic acid molecules (e.g., SEQ ID NO:12--linker--SEQ ID
NO:15 or SEQ ID NO:15--linker--SEQ ID NO:12).

[0096] One embodiment includes a non-native modified annexin protein encoded by a
nucleic acid molecule that hybridizes under stringent hybridization conditions with an
annexin gene. As used herein, stringent hybridization conditions refer to standard
hybridization conditions under which nucleic acid molecules, including oligonucleotides, are
used to identify molecules having similar nucleic acid sequences. Such standard conditions
are disclosed, for example, in Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbor Labs Press (1989), incorporated herein by reference. Stringent
hybridization conditions typically permit isolation of nucleic acid molecules having at least
about 70% nucleic acid sequence identity with the nucleic acid molecule being used to probe
in the hybridization reaction. Formulae to calculate the appropriate hybridization and wash
conditions to achieve hybridization permitting 30% or less mismatch of nucleotides are
disclosed, for example, in Meinkoth et al., Anal. Biochem. 138:267-284 (1984), incorporated
herein by reference. In some embodiments, hybridization conditions will permit isolation of
nucleic acid molecules having at least about 80% nucleic acid sequence identity with the
nucleic acid molecule being used to probe. In other embodiments, hybridization conditions
will permit isolation of nucleic acid molecules having at least about 90% nucleic acid
sequence identity with the nucleic acid molecule being used to probe. In still other
embodiments, hybridization conditions will permit isolation of nucleic acid molecules having
at least about 95% nucleic acid sequence identity with the nucleic acid molecule being used
to probe.

[0097] A modified annexin protein includes a protein encoded by a nucleic acid molecule
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that is at least about 50 nucleotides and that hybridizes under conditions that allow about 20%
base pair mismatch, or under conditions that allow about 15% base pair mismatch, or under
conditions that allow about 10% base pair mismatch, or under conditions that allow about 5%
base pair mismatch, or under conditions that allow about 2% base pair mismatch with a
nucleic acid molecule selected from the group consisting of SEQ ID NO:1, SEQ ID NO:4,
SEQ ID NO:10, SEQ ID NO:13, SEQ ID NO:17, SEQ ID NO:21, or a complement of any of
these nucleic acid molecules.

[0098] As used herein, an annexin gene includes all nucleic acid sequences related to a
natural annexin gene such as regulatory regions that control production of the annexin protein
encoded by that gene (such as, but not limited to, transcription, translation or post-translation
control regions) as well as the coding region itself. In one embodiment, an annexin gene
includes the nucleic acid sequence SEQ ID NO:1. In another embodiment, an annexin gene
includes the nucleic acid sequence SEQ ID NO:10. In another embodiment, an annexin gene
includes the nucleic acid sequence SEQ ID NO:13. In another embodiment, an annexin gene
includes the nucleic acid sequence SEQ ID NO:17. In another embodiment, an annexin gene
includes the nucleic acid sequence SEQ ID NO:21. It should be noted that since nucleic acid
sequencing technology is not entirely error-free, SEQ ID NO:1 (as well as other sequences
presented herein), at best, represents an apparent nucleic acid sequence of the nucleic acid
molecule encoding an annexin protein.

[0099] In another embodiment, an annexin gene can be an allelic variant that includes a
similar but not identical sequence to SEQ ID NO:1. In another embodiment, an annexin gene
can be an allelic variant that includes a similar but not identical sequence to SEQ ID NO:10.
In another embodiment, an annexin gene can be an allelic variant that includes a similar but
not identical sequence to SEQ ID NO:13. In another embodiment, an annexin gene can be an
allelic variant that includes a similar but not identical sequence to SEQ ID NO:17. In another
embodiment, an annexin gene can be an allelic variant that includes a similar but not identical
sequence to SEQ ID NO:21. An allelic variant of an annexin gene including SEQ ID NO:1 is
a gene that occurs at essentially the same locus (or loci) in the genome as the gene including
SEQ ID NO:1, but which, due to natural variations caused by, for example, mutation or
recombination, has a similar but not identical sequence. Allelic variants typically encode
proteins having similar activity to that of the protein encoded by the gene to which they are
being compared. Allelic variants can also comprise alterations in the 5' or 3' untranslated

regions of the gene (e.g., in regulatory control regions). Allelic variants are well known to
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those skilled in the art and would be expected to be found within a given human since the
genome is diploid and/or among a population comprising two or more humans.

[00100] An isolated annexin protein (from which a modified annexin is prepared) can be
obtained from its natural source, can be produced using recombinant DNA technology, or can
be produced by chemical synthesis. As used herein, an isolated modified annexin protein can
contain a full-length protein or any homologue of such a protein. Examples of annexin and
modified annexin homologues include annexin and modified annexin proteins in which
amino acids have been deleted (e.g., a truncated version of the protein, such as a peptide or
by a protein splicing reaction when an intron has been removed or two exons are joined),
inserted, inverted, substituted and/or derivatized (e.g., by glycosylation, phosphorylation,
acetylation, methylation, myristylation, prenylation, palmitoylation, amidation and/or
addition of glycerophosphatidyl inositol) such that the homologue includes at least one
epitope capable of eliciting an immune response against an annexin protein. That is, when
the homologue is administered to an animal as an immunogen, using techniques known to
those skilled in the art, the animal will produce a humoral and/or cellular immune response
against at least one epitope of an annexin protein. Annexin and modified annexin
homologues can also be identified by their ability to selectively bind to immune serum.
Methods to measure such activities are disclosed herein. Annexin and modified annexin
homologues also include those proteins that are capable of performing the function of native
annexin in a functional assay; that is, are capable of binding to phosphatidylserine or capable
of inhibiting binding or interaction of other PS binding molecules with PS.

[00101] A modified annexin protein may be identified by its ability to perform the
function of an annexin protein in a functional assay. The phrase "capable of performing the
function of that in a functional assay" means that the protein or modified protein has at least
about 10% of the activity of the natural protein in the functional assay. In other
embodiments, it has at least about 20% of the activity of the natural protein in the functional
assay. In other embodiments, it has at least about 30% of the activity of the natural protein in
the functional assay. In other embodiments, it has at least about 40% of the activity of the
natural protein in the functional assay. In other embodiments, it has at least about 50% of the
activity of the natural protein in the functional assay. In other embodiments, the protein or
modified protein has at least about 60% of the activity of the natural protein in the functional
assay. In still other embodiments, the protein or modified protein has at least about 70% of

the activity of the natural protein in the functional assay. In yet other embodiments, the
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protein or modified protein has at least about 80% of the activity of the natural protein in the
functional assay. In other embodiments, the protein or modified protein has at least about
90% of the activity of the natural protein in the functional assay. Examples of functional
assays are described herein.

[00102] An isolated protein can be produced in a variety of ways, including recombinant
expression and recovery of annexin protein from a bacterium. One embodiment provides a
method to produce an isolated modified annexin protein using recombinant DNA technology.
Such a method includes the steps of (a) culturing a recombinant cell containing a nucleic acid
molecule encoding a modified annexin protein to produce the protein and (b) recovering the
protein therefrom. Details on producing recombinant cells and culturing thereof are
presented below. The phrase "recovering the protein” refers simply to collecting the whole
fermentation medium containing the protein and need not imply additional steps of separation
or purification. Proteins can be purified using a variety of standard protein purification
techniques.

[00103] Isolated proteins can be retrieved in "substantially pure” form. As used herein,
"substantially pure" refers to a purity that allows for the effective use of the protein in a
functional assay.

[00104] Another embodiment provides an isolated nucleic acid molecule capable of
hybridizing under stringent conditions with a gene encoding a modified annexin protein such
as a homodimer of annexin V, a homodimer of annexin IV, a homodimer of annexin VIII, a
heterodimer of annexin V and annexin VIII, a heterodimer of annexin V and annexin IV or a
heterodimer of annexin IV and annexin VIII. Such a nucleic acid molecule is also referred to
herein as a modified annexin nucleic acid molecule. Included is an isolated nucleic acid
molecule that hybridizes under stringent conditions with a modified annexin gene. The
characteristics of such genes are disclosed herein. As used herein, an isolated nucleic acid
molecule is a nucleic acid molecule that has been removed from its natural milieu (i.e., that
has been subject to human manipulation). As such, "isolated" does not reflect the extent to
which the nucleic acid molecule has been purified. An isolated nucleic acid molecule can
include DNA, RNA, or derivatives of either DNA or RNA.

[00105] As stated above, a modified annexin gene includes all nucleic acid sequences
related to a natural annexin gene, such as regulatory regions that control production of an
annexin protein encoded by that gene (such as, but not limited to, transcriptional,

translational, or post-translational control regions) as well as the coding region itself. A
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nucleic acid molecule can be an isolated modified annexin nucleic acid molecule or a
homologue thereof. A nucleic acid molecule can include one or more regulatory regions,
full-length or partial coding regions, or combinations thereof. The minimal size of a
modified annexin nucleic acid molecule is the minimal size capable of forming a stable
hybrid under stringent hybridization conditions with a corresponding natural gene. Annexin
nucleic acid molecules can also include a nucleic acid molecule encoding a hybrid protein, a
fusion protein, a multivalent protein or a truncation fragment.

[00106] An isolated nucleic acid molecule can be obtained from its natural source either as
an entire (i.e., complete) gene or a portion thereof capable of forming a stable hybrid with
that gene. As used herein, the phrase "at least a portion of" an entity refers to an amount of
the entity that is at least sufficient to have the functional aspects of that entity. For example,
at least a portion of a nucleic acid sequence, as used herein, is an amount of a nucleic acid
sequence capable of forming a stable hybrid with the corresponding gene under stringent
hybridization conditions.

[00107] An isolated nucleic acid molecule can also be produced using recombinant DNA
technology (e.g., polymerase chain reaction (PCR) amplification, cloning, etc.) or chemical
synthesis. Isolated modified annexin nucleic acid molecules include natural nucleic acid
molecules and homologues thereof, including, but not limited to, natural allelic variants and
modified nucleic acid molecules in which nucleotides have been inserted, deleted,
substituted, and/or inverted in such a manner that such modifications do not substantially
interfere with the ability of the nucleic acid molecule to encode an annexin protein or to form
stable hybrids under stringent conditions with natural nucleic acid molecule isolates.

[00108] A modified annexin nucleic acid molecule homologue can be produced using a
number of methods known to those skilled in the art (see, e.g., Sambrook et al., 1989). For
example, nucleic acid molecules can be modified using a variety of techniques including, but
not limited to, classic mutagenesis techniques and recombinant DNA techniques, such as site-
directed mutagenesis, chemical treatment of a nucleic acid molecule to induce mutations,
restriction enzyme cleavage of a nucleic acid fragment, ligation of nucleic acid fragments,
polymerase chain reaction (PCR) amplification and/or mutagenesis of selected regions of a
nucleic acid sequence, synthesis of oligonucleotide mixtures, and ligation of mixture groups
to "build" a mixture of nucleic acid molecules and combinations thereof. Nucleic acid
molecule homologues can be selected from a mixture of modified nucleic acids by screening

for the function of the protein encoded by the nucleic acid (e.g., the ability of a homologue to
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elicit an immune response against an annexin protein and/or to function in a clotting assay, or
other functional assay), and/or by hybridization with isolated annexin-encoding nucleic acids
under stringent conditions.

[00109] An isolated modified annexin nucleic acid molecule can include a nucleic acid
sequence that encodes at least one modified annexin protein, examples of such proteins being
disclosed herein. Although the phrase "nucleic acid molecule" primarily refers to the
physical nucleic acid molecule and the phrase "nucleic acid sequence” primarily refers to the
sequence of nucleotides on the nucleic acid molecule, the two phrases can be used
interchangeably, especially with respect to a nucleic acid molecule, or a nucleic acid
sequence, being capable of encoding a modified annexin protein.

[00110] One embodiment provides a modified annexin nucleic acid molecule that is
capable of hybridizing under stringent conditions to a nucleic acid strand that encodes at least
a portion of a modified annexin protein or a homologue thereof or to the complement of such
a nucleic acid strand. A nucleic acid sequence complement of any nucleic acid sequence
refers to the nucleic acid sequence of the nucleic acid strand that is complementary to (i.e.,
can form a complete double helix with) the strand for which the sequence is cited. It is to be
noted that a double-stranded nucleic acid molecule for which a nucleic acid sequence has
been determined for one strand and represented by a SEQ ID NO, also comprises a
complementary strand having a sequence that is a complement of that SEQ ID NO. As such,
nucleic acid molecules can be either double-stranded or single-stranded and include those
nucleic acid molecules that form stable hybrids under stringent hybridization conditions with
either a given SEQ ID NO denoted herein and/or with the complement of that SEQ ID NO,
which may or may not be denoted herein. Methods to deduce a complementary sequence are
known to those skilled in the art. Included is a modified annexin nucleic acid molecule that
includes a nucleic acid sequence having at least about 65 percent to about 99% homology, for
example, at least about 70 percent, at least about 75 percent, at least about 80 percent, at least
about 85 percent, at least about 90 percent, or at least about 95 percent homology with the
corresponding region(s) of the nucleic acid sequence encoding at least a portion of a modified
annexin protein. Included is a modified annexin nucleic acid molecule capable of encoding a
homodimer of an annexin protein or homologue thereof.

[00111] Annexin nucleic acid molecules include SEQ ID NO:4 and allelic variants of SEQ
ID NO:4, SEQ ID NO:1 and an allelic variants of SEQ ID NO:1, SEQ ID NO:10 and an
allelic variants of SEQ ID NO:10; SEQ ID NO:13 and an allelic variants of SEQ ID NO:13;
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SEQ ID NO:17 and an allelic variants of SEQ ID NO:17; and SEQ ID NO:21 and an allelic
variants of SEQ ID NO:21.

[00112] Knowing a nucleic acid molecule of a modified annexin protein described herein
allows one skilled in the art to make copies of that nucleic acid molecule as well as to obtain
a nucleic acid molecule including additional portions of annexin protein-encoding genes (e.g.,
nucleic acid molecules that include the translation start site and/or transcription and/or
translation control regions), and/or annexin nucleic acid molecule homologues. Knowing a
portion of an amino acid sequence of an annexin protein allows one skilled in the art to clone
nucleic acid sequences encoding such an annexin protein. In addition, a desired modified
annexin nucleic acid molecule can be obtained in a variety of ways including screening
appropriate expression libraries with antibodies that bind to annexin proteins; traditional
cloning techniques using oligonucleotide probes to screen appropriate libraries or DNA; and
PCR amplification of appropriate libraries, or RNA or DNA using oligonucleotide primers
(genomic and/or cDNA libraries can be used).

[00113] Also included herein are nucleic acid molecules that are oligonucleotides capable
of hybridizing, under stringent conditions, with complementary regions of other, typically
longer, nucleic acid molecules that encode at least a portion of a modified annexin protein.
Oligonucleotides can be RNA, DNA, or derivatives of either. The minimal size of such
oligonucleotides is the size required to form a stable hybrid between a given oligonucleotide
and the complementary sequence on another nucleic acid molecule. Minimal size
characteristics are disclosed herein. The size of the oligonucleotide must also be sufficient
for the use of the oligonucleotide in accordance with the methods provided herein.
Oligonucleotides can be used in a variety of applications including, but not limited to, as
probes to identify additional nucleic acid molecules, as primers to amplify or extend nucleic
acid molecules or in therapeutic applications to modulate modified annexin production. Such
therapeutic applications include the use of such oligonucleotides in, for example, antisense-,
triplex formation-, ribozyme- and/or RNA drug-based technologies. Therefore, included
herein are such oligonucleotides and methods to modulate the production of modified
annexin proteins by use of one or more of such technologies.

[00114] Also provided herein is a recombinant vector, including a modified annexin
nucleic acid molecule inserted into any vector capable of delivering the nucleic acid molecule
into a host cell. Such a vector contains heterologous nucleic acid sequences, that is, nucleic

acid sequences that are not naturally found adjacent to modified annexin nucleic acid
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molecules. The vector can be either RNA or DNA, either prokaryotic or eukaryotic, and
typically is a virus or a plasmid. Recombinant vectors can be used in the cloning,
sequencing, and/or otherwise manipulating of modified annexin nucleic acid molecules
provided herein. One type of recombinant vector, herein referred to as a recombinant
molecule and described in more detail below, can be used in the expression of nucleic acid
molecules. Some recombinant vectors are capable of replicating in the transformed cell.
Nucleic acid molecules to include in recombinant vectors are disclosed herein.

[00115] One embodiment provided herein is a method to produce a modified annexin
protein by culturing a cell capable of expressing the protein under conditions effective to
produce the protein, and recovering the protein. In an alternative embodiment, the method
includes producing an annexin protein by culturing a cell capable of expressing the protein
under conditions effective to produce the annexin protein, recovering the protein, and
modifying the protein by coupling it to an agent that increases its effective size.

[00116] In another embodiment, the cell to culture is a natural bacterial cell, and modified
annexin is isolated from these cells. In still another embodiment, a cell to culture is a
recombinant cell that is capable of expressing the modified annexin protein, the recombinant
cell being produced by transforming a host cell with one or more nucleic acid molecules.
Transformation of a nucleic acid molecule into a cell can be accomplished by any method by
which a nucleic acid molecule can be inserted into the cell. Transformation techniques
include, but are not limited to, transfection, electroporation, microinjection, lipofection,
adsorption, and protoplast fusion. A recombinant cell may remain unicellular or may grow
into a tissue, organ or a multicellular organism. Transformed nucleic acid molecules can
remain extrachromosomal or can integrate into one or more sites within a chromosome of the
transformed (i.e., recombinant) cell in such a manner that their ability to be expressed is
retained. Nucleic acid molecules with which to transform a host cell are disclosed herein.
[00117]  Suitable host cells to transform include any cell that can be transformed and that
can express the introduced modified annexin protein. Such cells are, therefore, capable of
producing modified annexin proteins after being transformed with at least one nucleic acid
molecule. Host cells can be either untransformed cells or cells that are already transformed
with at least one nucleic acid molecule. Suitable host cells can include bacterial, fungal
(including yeast), insect, animal, and plant cells. Host cells include bacterial cells, with E.
Coli cells being particularly useful. Alternative host cells are untransformed (wild-type)

bacterial cells producing cognate modified annexin proteins, including attenuated strains with
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reduced pathogenicity, as appropriate.

[00118] A recombinant cell can be produced by transforming a host cell with one or more
recombinant molecules, each comprising one or more nucleic acid molecules operatively
linked to an expression vector containing one or more transcription control sequences. The
phrase "operatively linked" refers to insertion of a nucleic acid molecule into an expression
vector in a manner such that the molecule is able to be expressed when transformed into a
host cell. As used herein, an expression vector is a DNA or RNA vector that is capable of
transforming a host cell and of effecting expression of a specified nucleic acid molecule. The
expression vector is also capable of replicating within the host cell. Expression vectors can
be either prokaryotic or eukaryotic, and are typically viruses or plasmids. Expression vectors
include any vectors that function (i.e., direct gene expression) in recombinant cells, including
in bacterial, fungal, insect, animal, and/or plant cells. As such, nucleic acid molecules can be
operatively linked to expression vectors containing regulatory sequences such as promoters,
operators, repressors, enhancers, termination sequences, origins of replication, and other
regulatory sequences that are compatible with the recombinant cell and that control the
expression of nucleic acid molecules. As used herein, a transcription control sequence
includes a sequence that is capable of controlling the initiation, elongation, and termination of
transcription. Particularly important transcription control sequences are those that control
transcription initiation, such as promoter, enhancer, operator and repressor sequences.
Suitable transcription control sequences include any transcription control sequence that can
function in at least one of the recombinant cells. A variety of such transcription control
sequences are known to the art. Transcription control sequences include those which
function in bacterial, yeast, insect and mammalian cells, such as, but not limited to, tac, lac,
tzp, trc, oxy-pro, omp/lpp, rrnB, bacteriophage lambda (1) (such as Apr. and Apr and fusions
that include such promoters), bacteriophage T7, T7lac, bacteriophage T3, bacteriophage SP6,
bacteriophage SP01, metallothionein, alpha mating factor, Pichia alcohol oxidase, alphavirus
subgenomic promoters (such as Sindbis virus subgenomic promoters), baculovirus, Heliothis
zea insect virus, vaccinia virus, herpesvirus, poxvirus, adenovirus, simian virus 40, retrovirus
actin, retroviral long terminal repeat, Rous sarcoma virus, heat shock, phosphate and nitrate
transcription control sequences as well as other sequences capable of controlling gene
expression in prokaryotic or eukaryotic cells. Additional suitable transcription control
sequences include tissue-specific promoters and enhancers as well as lymphokine-inducible

promoters (e.g., promoters inducible by interferons or interleukins). Transcription control

29



WO 2008/008561 PCT/US2007/066561

sequences can also include naturally occurring transcription control sequences naturally
associated with a DNA sequence encoding an annexin protein. One transcription control
sequence is the Kozak strong promotor and initiation sequence.

[00119] Expression vectors may also contain secretory signals (i.e., signal segment nucleic
acid sequences) to enable an expressed annexin protein to be secreted from the cell that
produces the protein. Suitable signal segments include an annexin protein signal segment or
any heterologous signal segment capable of directing the secretion of an annexin protein,
including fusion proteins. Signal segments include, but are not limited to, tissue plasminogen
activator (t-PA), interferon, interleukin, growth hormone, histocompatibility and viral
envelope glycoprotein signal segments.

[00120] Expression vectors can also contain fusion sequences which lead to the expression
of inserted nucleic acid molecules as fusion proteins. Inclusion of a fusion sequence as part
of a modified annexin nucleic acid molecule can enhance the stability during production,
storage and/or use of the protein encoded by the nucleic acid molecule. Furthermore, a
fusion segment can function as a tool to simplify purification of a modified annexin protein,
such as to enable purification of the resultant fusion protein using affinity chromatography.
One fusion segment that can be used for protein purification is the 8-amino acid peptide
sequence asp-tyr-lys-asp-asp-asp-asp-lys (SEQ ID NQO:9).

[00121] A suitable fusion segment can be a domain of any size that has the desired
function (e.g., increased stability and/or purification tool). One or more fusion segments can
be used to join annexin proteins. Fusion segments can be joined to amino and/or carboxyl
termini of an annexin protein. Another type of fusion protein is a fusion protein wherein the
fusion segment connects two or more annexin proteins or modified annexin proteins.
Linkages between fusion segments and annexin proteins can be constructed to be susceptible
to cleavage to enable straightforward recovery of the annexin or modified annexin proteins.
Fusion proteins can be produced by culturing a recombinant cell transformed with a fusion
nucleic acid sequence that encodes a protein including the fusion segment attached to either
the carboxyl and/or amino terminal end of an annexin protein.

[00122] A recombinant molecule can include at least one of any nucleic acid molecule
heretofore described operatively linked to at least one of any transcription control sequence
capable of effectively regulating expression of the nucleic acid molecules in the cell to be
transformed. A recombinant molecule includes one or more nucleic acid molecules including

those that encode one or more modified annexin proteins. Recombinant molecules and their
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production are described in the Examples section. Similarly, a recombinant cell includes one
or more nucleic acid molecules encoding one or more annexin proteins. Recombinant cells
include those disclosed in the Examples section.

[00123] It may be appreciated by one skilled in the art that use of recombinant DNA
technologies can improve expression of transformed nucleic acid molecules by manipulating,
for example, the number of copies of the nucleic acid molecules within a host cell, the
efficiency with which those nucleic acid molecules are transcribed, the efficiency with which
the resultant transcripts are translated, and the efficiency of post-translational modifications.
Recombinant techniques useful for increasing the expression of nucleic acid molecules
include, but are not limited to, operatively linking nucleic acid molecules to high-copy
number plasmids, integration of the nucleic acid molecules into one or more host cell
chromosomes, addition of vector stability sequences to plasmids, substitutions or
modifications of transcription control signals (e.g., promoters, operators, enhancers),
substitutions or modifications of translational control signals (e.g., ribosome binding sites,
Shine-Dalgarno sequences), modification of nucleic acid molecules to correspond to the
codon usage of the host cell, deletion of sequences that destabilize transcripts, and use of
control signals that temporally separate recombinant cell growth from recombinant protein
production during fermentation. The activity of an expressed recombinant protein may be
improved by fragmenting, modifying, or derivatizing the resultant protein.

[00124] Recombinant cells can be used to produce annexin or modified annexin proteins
by culturing such cells under conditions effective to produce such a protein, and recovering
the protein. Effective conditions to produce a protein include, but are not limited to,
appropriate media, bioreactor, temperature, pH and oxygen conditions that permit protein
production. An appropriate, or effective, medium refers to any medium in which a cell, when
cultured, is capable of producing an annexin or modified annexin protein. Such a medium is
typically an aqueous medium comprising assimilable carbohydrate, nitrogen and phosphate
sources, as well as appropriate salts, minerals, metals and other nutrients, such as vitamins.
The medium may comprise complex, nutrients or may be a defined minimal medium.
[00125] Cells can be cultured in conventional fermentation bioreactors, which include, but
are not limited to, batch, fed-batch, cell recycle, and continuous fermentors. Culturing can
also be conducted in shake flasks, test tubes, microtiter dishes, and petri plates. Culturing is
carried out at a temperature, pH and oxygen content appropriate for the recombinant cell.

Such culturing conditions are well within the expertise of one of ordinary skill in the art.
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[00126] Depending on the vector and host system used for production, resultant annexin
proteins may either remain within the recombinant cell; be secreted into the fermentation
medium; be secreted into a space between two cellular membranes, such as the periplasmic
space in E. coli; or be retained on the outer surface of a cell or viral membrane. Methods to
purify such proteins are disclosed in the Examples section.

[00127] It is contemplated herein that in areas of reduced blood flow around the initial
infarct, the administration of a neuroprotective agent together with a modified annexin
protein will improve the preservation of brain function. An example of a small molecule with
neuroprotective activity, possibly related to its antioxidant activity, is the antibiotic
mircocycline. An example of a protein with neuroprotective activity is erythropoietin
(Ehrenreich et al Molec Med 2002; 8:495-505). Derivatives and peptides of erythropoietin

also have neuroprotective activity.

Antibodies as Agents Binding PS on Cell Surfaces

[00128] In some aspects, the PS binding agent is an antibody capable of recognizing PS on
a cell surface. Isolated antibodies are antibodies that have been removed from their natural
environment, but the term “isolated” does not refer to the state of purity of such antibodies.
The phrase “recognizing” refers to the ability of such antibodies to preferentially bind PS.
Binding affinities, commonly expressed as equilibrium association constants, typically range
from about 10° M to about 10"* M. Binding can be measured using a variety of methods
known to those skilled in the art including immunoblot assays, immunoprecipitation assays,
radioimmunoassays, enzyme immunoassays, immunofluorescent antibody assays,
immunoelectron microscopy and binding to cells or liposomes with PS on their surfaces.
[00129] The term “antibody” refers to a Y-shaped molecule having a pair of antigen
binding sites, a hinge region, and a constant region. PS antibodies used according to the
methods described herein include polyclonal and monoclonal antibodies. Functional
equivalents are also contemplated, including, for example, antibody fragments, genetically-
engineered antibodies, single chain antibodies, and chimeric antibodies. Useful antibodies
include those generated in an animal to which PS has been administered, then serum or
plasma recovered using techniques known to those skilled in the art. Other useful antibodies
include those produced by recombinant methods. Antibodies produced against defined
antigens can be especially useful as they are not substantially contaminated with antibodies
against other substances.

[00130] An illustrative monoclonal antibody that can be useful according to the method
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described herein was generated by Ran et al. to detect cell surface phospholipids on tumor
vasculature (Cancer Research, 2002; 62:6132). The 9D2 antibody bound with specificity to
PS, as well as to other anionic phospholipids, without requiring the presence of Ca*".
Similarly, Ran et al. developed a murine monoclonal antibody, 3G4, to target PS on tumor
vasculature which also may be useful according to the method herein (Clin. Cancer Res.
2005; 11:1551). Thus, the 9D2 antibody and the 3G4 antibody are exemplary PS-binding

agents.

Other Agents Binding PS on Cell Surfaces

[00131] In some embodiments, the binding agent is a ligand having an affinity for PS that
is at least about 10% of the affinity of annexin V for PS. Such ligands include, for example,
proteins, polypeptides, receptors, and peptides which interact with PS. The ligand can, in
some embodiments, be a construct where one or more proteins, polypeptides, receptors, or
peptides are coupled to an Fc portion of an antibody. The Fc regions used herein are derived
from an antibody or immunoglobulin. It is necessary that the ligand retains the PS-binding
property when attached to the Fc portion of an antibody. Exemplary ligands include those
described in U.S. Publication No. 2006/0228299 (Thorpe et al.), for example, Beta 2-
glycoportein I, Mer, asf; integrin and other integrins, CD3, CD4, CD14, CD93, SRB (CD36),
SRC, PSOC and PSr, as well as the proteins, polypeptides, and peptides thereof.

[00132] The Fc portion and the ligand can be operatively attached such that each functions
sufficiently as intended. In some embodiments, two ligands are coupled to an Fc portion
such that they form a dimer. As used herein, “Fc” refers to both native and mutant forms of
the Fc region of an antibody that contain one or more of the Fc region’s CH domains,
including truncated forms of Fc polypeptides containing the dimerization-promoting hinge
region.

Therapeutic Applications

[00133] The PS binding agents of the invention can be administered in the form of a
pharmaceutical composition comprising the agent and a pharmaceutically acceptable carrier.
Such a composition is sometimes referred to as a “therapeutic composition”. Aspects of
potential therapeutic compositions useful are as described herein.

[00134] PS binding agents effectively prevent interaction of other molecules with PS on
cell surfaces. In the methods provided herein, PS-binding agents are used to attenuate or
prevent IRL.

[00135] Provided herein are therapeutic compositions comprising PS binding agent on cell

33



WO 2008/008561 PCT/US2007/066561

surfaces, in any form adapted to the chosen route of administration. Such compositions can
also include other components such as a pharmaceutically acceptable excipient, an adjuvant,
and/or a carrier. For example, a composition can be formulated in an excipient that the
patient can tolerate. Illustrative excipients include water, saline, Ringer's solution, dextrose
solution, mannitol, Hanks' solution, the University of Wisconsin Belzer solution and other
aqueous physiologically balanced salt solutions. Nonaqueous vehicles, such as triglycerides
may also be used. Excipients can contain minor amounts of additives, including substances
that enhance isotonicity and chemical stability. Examples of buffers include phosphate
buffer, bicarbonate buffer, Tris buffer, histidine, citrate, and glycine, or mixtures thereof,
while examples of preservatives include thimerosal, m- or o-cresol, formalin and benzyl
alcohol. Standard formulations can either be liquid injectables or solids which can be taken
up in a suitable liquid as a suspension or solution for injection. Thus, in a non-liquid
formulation, the excipient can comprise dextrose, human serum albumin, preservatives, etc.,
to which sterile water or saline can be added prior to administration. The agent can be further
combined with or conjugated to specific delivery agents, including targeting antibodies
and/or cytokines.

[00136] A therapeutically effective amount includes an amount sufficient to prevent,
attenuate, or partially reverse IRI. A therapeutically effective amount also includes an
amount sufficient to increase the life of the organ transplant or tissue graft. A therapeutically
effective amount further includes an amount sufficient to attenuate IRI from stroke or
myocardial infarction. A therapeutically effective amount still further includes an amount
sufficient to increase the life expectancy of the patient. A therapeutically effective amount
should not substantially increase the risk of hemorrhage compared to the risk in the same
patient to whom the PS-binding agent has not been given. A therapeutically effective amount
can be any amount or dose sufficient to bring about the desired amount of protection from
IRI, or the desired attenuation of IRI. This amount can depend, in part, on the agent used in
treatment, the frequency and duration of administration, the condition of the organ or tissue,
the length of time of ischemia, and whether the tissue or organ was treated before or after
grafting or transplantation with the PS-binding agent. Other factors such as the size and
health of the patient are known to those skilled in the art and taken into account at the time of
administration. It will be understood that recitation herein of a “therapeutically effective”
amount herein does not necessarily require that the drug be therapeutically effective if only a

single such dose is administered; in some situations repeated administration may be needed to
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provide effective treatment.

[00137] The PS-binding agent can be administered by any method known in the art. The
agent can be administered in a single dose, or as several doses, for example, twice a day or in
a dosing regimen that covers two or three days or one or more weeks.

[00138] Administration of an agent or therapeutic composition can be by any suitable
route, including without limitation parenteral (e.g., intravenous, subcutaneous, intrasternal,
intramuscular, or infusion techniques), oral, sublingual, buccal, intranasal, pulmonary,
topical, transdermal, intradermal, mucosal, ocular, otic, rectal, vaginal, intragastric,
intrasynovial, and intra-articular routes. A route such as parenteral that provides systemic
delivery is generally desirable. In some aspects, the method comprises intravenous
administration of the agent or composition. In other aspects, the method comprises
administration by bolus injection. In still other aspects, the method comprises administration
by injection or introduction into an intravenous drip.

[00139] Pharmaceutical compositions can be in the form of sterile injectable preparations
or aerosol sprays allowing absorption through the nasal mucosa or lungs.

[00140] For administration by inhalation or aerosol, the compositions can be prepared
according to techniques well-known in the art of pharmaceutical formulations. The
compositions can be prepared as solutions in saline, using benzyl alcohol or other suitable
preservatives, absorption promoters to enhance bioavailability, fluorocarbons, or other
solubilizing or dispersing agents known in the art.

[00141] For administration as injectable solutions or suspensions, the compositions can be
formulated according to techniques well-known in the art, using suitable dispersing or
wetting and suspending agents, such as sterile oils, including synthetic mono- or diglycerides
and fatty acids (including oleic acid). Solutions or suspensions of the inhibiting agents can be
prepared in water or isotonic saline (for example, phosphate buffered saline), optionally
mixed with a nontoxic surfactant. Dispersions can also be prepared in glycerol, liquid
polyethylene, glycols, DNA, vegetable oils, triacetin, and mixtures thereof. Under ordinary
conditions of storage and use, these preparations can contain a preservative to prevent the
growth of microorganisms.

[00142] The pharmaceutical dosage for injection or infusion can include sterile aqueous
solutions, sterile dispersions, or sterile powders, comprising an active ingredient adapted for
the extemporaneous preparation of sterile injectable solutions, sterile infusible solutions, or

sterile dispersions. In all cases, the ultimate dosage form should be sterile, fluid, and stable
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under the conditions of manufacture and storage. The liquid carrier or vehicle can be a
solvent or liquid dispersion medium comprising, for example, water, ethanol, polyol
(including, for example, but not limited to, glycerol, propylene glycol, or liquid polyethylene
glycol), vegetable oil, nontoxic glyceryl ester, or suitable mixture thereof. Desired fluidity
can be maintained, for example, by the formation of liposomes, by the maintenance of the
required particle size (in the case of dispersion), or by the use of nontoxic surfactants.
Prevention of microbial action can be achieved by using various antibacterial and antifungal
agents. Illustrative antimicrobial or antifungal agents include parabens, chlorobutanol,
phenol, sorbic acid, thimerosal, etc. In some aspects, isotonic agents are desirable, and
include sugar, buffer, or sodium chloride.

[00143] One embodiment is a controlled release formulation that is capable of slowly
releasing a composition into a patient. As used herein, a controlled release formulation
comprises a composition as described herein in a controlled release vehicle. Suitable
controlled release vehicles include, but are not limited to, biocompatible polymers, other
polymeric matrices, capsules, microcapsules, microparticles, bolus preparations, osmotic
pumps, diffusion devices, liposomes, lipospheres, and transdermal delivery systems. Other
controlled release formulations include liquids that, upon administration to a patient, form a
solid or a gel in situ. In some embodiments, the controlled release formulations are
biodegradable (i.e., bioerodible). Prolonged absorption of injectable compositions can be
brought about by the inclusion in the composition of agents delaying absorption, for example,
aluminum monostearate hydrogels and gelatin.

[00144] Sterile injectable solutions are prepared by incorporating the compounds in the
required amount in the appropriate solvent with various other ingredients as enumerated
above. Such solutions are subsequently sterilized, typically using a filter. Sterile powders
used in the preparation of sterile injectable solutions are vacuum dried or freeze dried,
yielding a powder of the active ingredient plus any additional desired ingredient present in
the previously sterile-filtered solutions.

[00145] In some embodiments the PS-binding agent is a modified annexin protein which
can be administered in a range of about 50 to about 500 pg/kg, for example, about 200, or
about 300, or about 400 pg/kg. (ug PS-binding agent/kg of patients weight). Modified
annexin proteins are shown herein to attenuate IRI in organ transplantation, even in the case
of a donor with a fatty liver. The ability to attenuate IRI in the case of a steatotic liver

transplant will increase the number of livers considered suitable for use.
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[00146] A patient can be non-human or human. In some instances the patient is a human
patient who has been selected for an organ transplant or tissue graft. In other instances, the
patient is a human patient undergoing surgery in which the blood supply to a tissue or organ
is cut off or restricted. In still other instances, the patient is a human patient at risk for or
suffering from a stroke or myocardial infarction. The phrase “a patient in need” refers to a
patient at risk of IRI or having an IRI event. The therapeutic composition that comprises PS
binding agent can be administered to a patient before, during, and/or after transplantation,
grafting, surgery, myocardial infarction, or stroke.

[00147] Thus, further provided is a method of preventing IRI comprising administering to
an organ transplant recipient a therapeutic composition that comprises a PS binding agent.
[00148] Also provided is a method of preventing reperfusion injury to an isolated cell or
group of cells, the method comprising adding a PS-binding agent to a therapeutic
composition. As described above, ischemia is the result of anoxic conditions and can be
brought about, for example, by removal of an organ or tissue from a donor or donor site, or
by stroke, myocardial infarction, or surgery. Thus, an ischemic cell is one that has had its
blood supply cut off or restricted. In some aspects of this embodiment, addition of a
PS-binding agent to a therapeutic composition inhibits interaction with PS on an ischemic
cell or isolated cell or group of cells, such as an isolated pancreatic islet. In other aspects of
this embodiment, addition of a PS-binding agent to a therapeutic composition inhibits
monocyte recognition of PS on the surface of ECs.

[00149] In one embodiment, IRI is caused by organ transplantation. Here, the therapeutic
composition containing the PS-binding agent is contacted with a donor organ, for example,
up to about 3 hours prior to reperfusion, or up to about 1 hour after the onset of reperfusion.
The therapeutic composition can also be contacted with a donor organ prior to removal of the
organ from the donor.

[00150] In another embodiment, IRI is caused by tissue grafting. In this case, the
therapeutic composition containing the PS-binding agent is contacted with a donor tissue up
to about 6 hours prior to reperfusion, for example, up to about 3 hours prior to reperfusion, or
up to about 1 hour after the onset of reperfusion. Because donor tissues are often removed
from one area and grafted in another on the same patient, the therapeutic composition can be
contacted with the donor tissue by administering the composition directly to the patient.
Alternatively or additionally, the donor tissue can be contacted by the therapeutic

composition after excision or by administration to both the recipient prior to removal of the
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donor tissue and to the excised tissue prior to tissue grafting.

[00151] In yet another embodiment, IRI is caused by surgery, for example, gastrointestinal
surgery. Here the therapeutic composition containing the PS-binding agent is administered to
a patient before, during, and/or after surgery.

[00152] In some aspects, the therapeutic composition is a preservation fluid, a perfusion
fluid, a rinse solution, or an intravenous drip solution. In other aspects, the therapeutic

composition is formulated for bolus injection.

[00153] Accordingly, in one embodiment, to protect ischemic or isolated cells, or groups
of cells, from IRI a PS-binding agent is added to the preservation fluid used for in sifu organ
perfusion and cooling (before the organ is removed from a donor) and for cold storage or
perfusion after the organ is harvested. The organ or tissue transplant can be perfused or
flushed with a solution containing a PS-binding agent. Typically, the organ or tissue is
perfused with a solution containing, in addition to the PS-binding agent, components such as

electrolytes and cell-protecting agents.

[00154] Illustratively, the present inventors added Diannexin (an exemplary PS-binding
agent) to the University of Wisconsin solution mentioned above. This solution was then used
to perfuse rat livers at two time points: (1) before overnight storage at 4° C, and (2) just after
transplantation. These experiments demonstrated that Diannexin protected organs from IRI
after transplantation. Though shown to be effective in liver, adding a PS-binding agent to
therapeutic compositions can also benefit other transplanted organs including kidneys, hearts,

lungs, pancreases, intestines, etc.

[00155] A PS binding agent can be added to different types of preservation solutions
typically containing electrolytes (such as Na*, K*, Mg™*, CI', SO4*, HPO,*, Ca**, and HCO5)

and may contain additional agents to protect cells during cold storage.

[00156] Suitable intracellular preservation solutions include the University of Wisconsin
Belzer solution. This solution contains 50 g/l hydroxyethyl starch, 35.83 g/ lactobionic acid,
3.4 g/l potassium phosphate monobasic, 1.23 g/l magnesium sulfate heptahydrate, 17.83 g/l
raffinose pentahydrate, 1.34 g/l adenosine, 0.136 g/l allopurinol, 0.922 g/1 glutathionine, 5.61
g/l potassium hydroxide, and sodium hydroxide (to adjust solution to pH 7.4). The Euro-
Collins solution is also suitable for use with the methods and compositions described herein,

and contain 2.05 g/l mono-potassium phosphate, 7.4 g/l dipotassium phosphate, 1.12 g/1
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potassium chloride, 0.84 g/l sodium bicarbonate, and 35 g/l glucose. Other intracellular

preservation solutions are envisioned to be within the scope of the present disclosure.

[00157] Similarly, a PS binding agent can be added to extracellular type preservation
solutions. An illustrative extracellular type preservation solution is PEFADEX (Vitrolife,
Sweden), which contains 50 g/l dextran, 8 g/l sodium chloride, 400 mg/1 potassium chloride,
98 mg/l magnesium sulfate, 46 mg/l disodium phosphate, 63 mg/l potassium phosphate and
910 mg/1 glucose.

[00158] Before completion of transplantation into the recipient, the preservation solutions
are rinsed away from the donor organ with a physiological infusion solution, for example,
Ringer's Solution. In still another embodiment, a PS-binding agent can be added to the

infusion solution.

[00159] The novel preservation and rinsing solutions may have a composition essentially
corresponding to any of the three commercial solutions described above. However, the actual
concentrations of the conventional components may vary somewhat, typically within a range

of about +50%, or about +30%, of the mean values given above.

[00160] In one embodiment, a PS-binding agent is added to a ready-made preservation or
rinse solution just before use to ensure maximum activity. Alternatively, a suitable
preservation solution containing a PS-binding agent can be prepared beforehand.

Examples

Example 1

Modified Annexin Preparation

A. PEGylated Annexins

[00161] Annexins can be purified from human tissues or produced by recombinant
technology. For instance, annexin V can be purified from human placentas as described by
Funakoshi et al. (1987). Examples of recombinant products include expression of annexin II
and annexin V in Escherichia coli (Kang, H.-M., Trends Cardiovasc. Med. 9:92-102 (1999);
Thiagarajan and Benedict, 1997, 2000). A rapid and efficient purification method for
recombinant annexin V, based on Ca**-enhanced binding to phosphatidylserine-containing
liposomes and subsequent elution by EDTA, has been described by Berger, FEBS Lett.
329:25-28 (1993). This procedure can be improved by the use of phosphatidylserine coupled
to a solid phase support.

[00162] Annexins can be coupled to polyethylene glycol (PEG) by any of several well-
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established procedures (reviewed by Hermanson, 1996) in a process referred to as pegylation.
Contemplated pegylated annexins include chemically-derivatized annexin molecules having
mono- or poly-(e.g., 2-4) PEG moieties. Methods for preparing a pegylated annexin
generally include the steps of (a) reacting the annexin with polyethylene glycol (such as a
reactive ester or aldehyde derivative of PEG) under conditions whereby the annexin becomes
attached to one or more PEG groups and (b) obtaining the reaction product or products. In
general, the optimal reaction conditions for the reactions must be determined case by case
based on known parameters and the desired result. Furthermore, the reaction may produce
different products having a different number of PEG chains, and further purification may be
needed to obtain the desired product.

[00163] Conjugation of PEG to annexin V can be performed using the EDC plus sulfo-
NHS procedure. EDC (1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride) is
used to form active ester groups with carboxylate groups using sulfo-NHS (N-
hydroxysulfosuccinamide). This increases the stability of the active intermediate, which
reacts with an amine to give a stable amide linkage. The conjugation can be carried out as
described in Hermanson, 1996.

[00164] Bioconjugate methods can be used to produce homopolymers or heteropolymers
of annexin; methods are reviewed by Hermanson, 1996. Recombinant methods can also be
used to produce fusion proteins, e.g., annexin expressed with the Fc portion of
immunoglobulin or another protein. The heterotetramer of annexin II with P11 has also been
produced in E. coli (Kang et al., 1999). All of these procedures increase the molecular
weight of annexin and have the potential to increase the half-life of annexin in the circulation

and prolong its anticoagulant effect.

B. Homodimer of Annexin V (Diannexin, DAV)

[00165] A homodimer of annexin V can be produced using a DNA construct shown
schematically in FIG. 1C (5'-3' sense strand) (SEQ ID NO:4) and coding for an amino acid
sequence represented by SEQ ID NO:6. In this example, the annexin V gene is cloned into
the expression vector pPCMV FLAG 2 (available from Sigma-Aldrich) at EcoRI and Bg11I
sites. The exact sequences prior to and after the annexin V sequence are unknown and
denoted as "x". It is therefore necessary to sequence the construct prior to modification to
assure proper codon alignment. The pPCMV FLAG 2 vector comes with a strong promotor

and initiation sequence (Kozak) and start site (ATG) built in. The start codon before each

annexin V gene must therefore be removed, and a strong stop for tight expression should be
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added at the terminus of the second annexin V gene. The vector also comes with an 8-amino
acid peptide sequence that can be used for protein purification (asp-tyr-lys-asp-asp-asp-asp-
lys) (SEQ ID NO:9). A 14-amino acid spacer with glycine-serine swivel ends allows optimal
rotation between tandem gene-encoded proteins. Addition of restriction sites Pvull and Scal
allow removal of the linker if necessary. Addition of a protease site allows cleavage of
tandem proteins following expression. PreScission™ protease is available from Amersham
Pharmacia Biotech and can be used to cleave tandem proteins. Two annexin V homodimers
were generated. In the first, a "His tag" was placed at the amino terminal end of the dimer to
facilitate purification (FIG. 1A). The linker sequence of 12 amino acids was flanked by a
glycine and a serine residue at either end to serve as swivels. The structural scheme is shown
in FIG. 1A. The amino acid sequence of the His-tagged annexin V homodimer is provided
below:

[00166] MHHHHHHQAQVLRGTVTDFPGFDERADAETLRKAMKGLGTDEESILTLL
T SRSNAQRQEISAAFKTLFGRDLLDDLKSELTGKFEKLIVALMKPSRLYDA
YELKHALKGAGTNEKVLTEIIASRTPEELRAIKQVYEEEYGSSLEDDVVG
DTSGYYQRMLVVLLQANRDPDAGIDEAQVEQDAQALFQAGELKWGTDEEK
FITIFGTRSVSHLRKVFDKYMTISGFQIEETIDRETSGNLEQLLLAVVKS
IRSIPAYLAETLYYAMKGAGTDDHTLIRVMVSRSEIDLFNIRKEFRKNFA
TSLYSMIKGDTSGDYKKALLLLCGEDDGSLEVLFQGPSGKLAQVLRGTVT
DFPGFDERADAETLRKAMKGLGTDEESILTLLTSRSNAQRQEISAAFKTL
FGRDLLDDLKSELTGKFEKLIVALMKPSRLYDAYELKHALKGAGTNEKVL
TEIHASRTPEELRAIKQVYEEEYGSSLEDDVVGDTSGYYQRMLVVLLQAN
RDPDAGIDEAQVEQDAQALFQAGELKWGTDEEKFITIFGTRSVSHLRKVF
DKYMTISGFQIEETIDRETSGNLEQLLLAVVKSIRSIPAYLAETLY YAMK
GAGTDDHTLIRVMVSRSEIDLFNIRKEFRKNFATSLYSMIKGDTSGDYKK
ALLLLCGEDD (SEQ ID NO: 26)

[00167] The "swivel" amino acids of the linker are bolded and underlined. This His-tagged
annexin V homodimer was expressed at a high level in Escherichia coli and purified using a
nickel column. The DNA in the construct was shown to have the correct sequence and the
dimer had the predicted molecular weight (74 kDa). MALDI-TOF mass spectrometry was
accomplished using a PerSeptive Biosystems Voyager-DE Pro workstation operating in
linear, positive ion mode with a static accelerating voltage of 25 kV and a delay time of 40

nsec.
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[00168] A second human annexin V homodimer was synthesized without the His tag. The
structural scheme is shown in FIG. 1B. The amino acid sequence of the (non-His-tagged)
annexin V homodimer is provided below:

[00169] MAQVLRGTVTDFPGFDERADAETLRKAMKGLGTDEESILTLLTSRSNAQR
QEISAAFKTLFGRDLLDDLKSELTGKFEKLIVALMKPSRLYDAYELKHAL
KGAGTNEKVLTEITASRTPEELRAIKQVYEEEYGSSLEDDVVGDTSGYYQ
RMLVVLLQANRDPDAGIDEAQVEQDAQALFQAGELKWGTDEEKFITIFGT
RSVSHLRKVFDKYMTISGFQIEETIDRETSGNLEQLLLAVVKSIRSIPAY
LAETLYYAMKGAGTDDHTLIRVMVSRSEIDLFENIRKEFRKNFATSLYSMI
KGDTSGDYKKALLLLCGEDDGSLEVLFQGPSGKLAQVLRGTVTDFPGFDE
RADAETLRKAMKGLGTDEESILTLLTSRSNAQRQEISAAFKTLFGRDLLD
DLKSELTGKFEKLIVALMKPSRLYDAYELKHALKGAGTNEKVLTEIIASR
TPEELRAIKQVYEEEYGSSLEDDVVGDTSGYYQRMLVVLLQANRDPDAGI
DEAQVEQDAQALFQAGELKWGTDEEKFITIFGTRSVSHLRKVFDKYMTIS
GFQIEETIDRETSGNLEQLLLAVVKSIRSIPAYLAETLYYAMKGAGTDDH
TLIRVMVSRSEIDLENIRKEFRKNFATSLYSMIKGDTSGDYKKALLLLCG EDD (SEQ
ID NO: 27)

[00170] Again, the "swivel" amino acids of the linker are bolded and underlined. This
dimer was expressed at a high level in E. coli and purified by ion-exchange chromatography
followed by heparin affinity chromatography. The ion-exchange column was from Bio-Rad
(Econo-pak HighQ Support) and the heparin affinity column was from Amersham
Biosciences (HiTrap Heparin HP). Both were used according to manufacturers' instructions.
Again, the DNA sequence of the annexin V homodimer was found to be correct. Mass
spectrometry showed a protein of 73 kDa, as expected. The amino acid sequence of annexin
and other proteins is routinely determined in this laboratory by mass spectrometry of peptide
fragments. Expected sequences were obtained.

[00171] Human Annexin V has the following amino acid sequence:

[00172] AQVLRGTVTDFPGFDERADAETLRKAMKGLGTDEESILTLLTSRSNAQRQ
EISAAFKTLFGRDLLDDLKSELTGKFEKLIVALMKPSRLYDAYELKHALK
GAGTNEKVLTEIIASRTPEELRAIKQVYEEEYGSSLEDDVVGDTSGYYQR
MLVVLLQANRDPDAGIDEAQVEQDAQALFQAGELKWGTDEEKFITIFGTR
SVSHLRKVFDKYMTISGFQIEETIDRETSGNLEQLLLAVVKSIRSIPAYL
AETLYYAMKGAGTDDHTLIRVMVSRSEIDLFENIRKEFRKNFATSLYSMIK
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GDTSGDYKKALLLLCGEDD (SEQ ID NO:3)

[00173] The nucleotide sequence of human annexin V, inserted as indicated in the DNA
construct illustrated in FIG. 1C, is as follows:

[00174] GCACAGGTTCTCAGAGGCACTGTGACTGACTTCCCTGGATTTGATGAG
CGGGCTGATGCAGAAACTCTTCGGAAGGCTATGAAAGGCTTGGGCACAGATG
AGGAGAGCATCCTGACTCTGTTGACATCCCGAAGTAATGCTCAGCGCCAG
GAAATCTCTGCAGCTTTTAAGACTCTGTTTGGCAGGGATCTTCTGGATGA
CCTGAAATCAGAACTAACTGGAAAATTTGAAAAATTAATTGTGGCTCTGA
TGAAACCCTCTCGGCTTTATGATGCTTATGAACTGAAACATGCCTTGAAG
GGAGCTGGAACAAATGAAAAAGTACTGACAGAAATTATTGCTTCAAGGAC
ACCTGAAGAACTGAGAGCCATCAAACAAGTTTATGAAGAAGAATATGGCT
CAAGCCTGGAAGATGACGTGGTGGGGGACACTTCAGGGTACTACCAGCGG
ATGTTGGTGGTTCTCCTTCAGGCTAACAGAGACCCTGATGCTGGAATTGA
TGAAGCTCAAGTTGAACAAGATGCTCAGGCTTTATTTCAGGCTGGAGAAC
TTAAATGGGGGACAGATGAAGAAAAGTTTATCACCATCTTTGGAACACGA
AGTGTGTCTCATTTGAGAAAGGTGTTTGACAAGTACATGACTATATCAGG
ATTTCAAATTGAGGAAACCATTGACCGCGAGACTTCTGGCAATTTAGAGC
AACTACTCCTTGCTGTTGTGAAATCTATTCGAAGTATACCTGCCTACCTT
GCAGAGACCCTCTATTATGCTATGAAGGGAGCTGGGACAGATGATCATAC
CCTCATCAGAGTCATGGTTTCCAGGAGTGAGATTGATCTGTTTAACATCA
GGAAGGAGTTTAGGAAGAATTTTGCCACCTCTCTTTATTCCATGATTAAG
GGAGATACATCTGGGGACTATAAGAAAGCTCTTCTGCTGCTCTGTGGAG
AAGATGAC (SEQID NO:1)

C. Annexin IV Homodimer

[00175] A homodimer of annexin IV was prepared similarly to the annexin V homodimer
described in Example 1B. The vector used was pET-29a(+), available from Novagen
(Madison, Wis.). The plasmid sequence was denoted as pET-ANXA4-2X and was 7221 bp
(SEQ ID NO:16). pET-ANXA4-2X contains an open reading frame from nucleotide number
5076 to 7049 (including 3 stop codons). The first copy of Annexin IV spans nucleotides
5076-6038 of SEQ ID NO: 16, a first swivel linker spans nucleotides 6039-6044 of SEQ ID
NO: 16, the PreScission protease recognition site spans nucleotides 6045-6068 of SEQ ID
NO: 16, the second swivel linker spans nucleotides 6069-6074 of SEQ ID NO: 16, the second
copy of annexin IV spans nucleotides 6081-7043 of SEQ ID NO: 16, and a kanamycin
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resistance gene spans nucleotides 1375-1560 of SEQ ID NO: 16. The sequence from
nucleotide number 5076 to 7049 is further represented herein as SEQ ID NO: 17. Translation
of SEQ ID NO:17 results in the annexin IV homodimer polypeptide having the following
amino acid sequence:

[00176] MAMATKGGTVKAASGFNAMEDAQTLRKAMKGLGTDEDAIISVLAYRNT
AQRQEIRTAYKSTIGRDLIDDLKSELSGNFEQVIVGMMTPTVLYDVQELRRA
MKGAGTDEGCLIEILASRTPEEIRRISQTYQQQYGRRLEDDIRSDTSFMF
QRVLVSLSAGGRDEGNYLDDALVRQDAQDLYEAGEKKWGTDEVKFLTVLC
SRNRNHLLHVFDEYKRISQKDIEQSIKSETSGSFEDALLAIVKCMRNKSA
YFAEKLYKSMKGLGTDDNTLIRVMVSRAEIDMLDIRAHFKRLYGKSLYSF
IKGDTSGDYRKVLLVLCGGDDGSIevlfqgpSGKLAMATKGGTVKAASGF
NAMEDAQTLRKAMKGLGTDEDAIISVLAYRNTAQRQEIRTAYKSTIGRDL
IDDLKSELSGNFEQVIVGMMTPTVLYDVQELRRAMKGAGTDEGCLIEILA
SRTPEEIRRISQTYQQQYGRRLEDDIRSDTSFMFQRVLVSLSAGGRDEGN
YLDDALVRQDAQDLYEAGEKKWGTDEVKFLTVLCSRNRNHLLHVFDEYKR
ISQKDIEQSIKSETSGSFEDALLAIVKCMRNKSAYFAEKLYKSMKGLGTD
DNTLIRVMVSRAEIDMLDIRAHFKRLYGKSLYSFIKGDTSGDYRKVLLVLCGGDD
(SEQ ID NO: 19)

[00177] In the sequence above, the swivel sites are denoted by bold and underline, the
PreScission protease site is in lower case, and an introduced restriction site is in italics. The
annexin IV gene as cloned contained a single base substitution compared to the published
sequence (GenBank accession number NM.sub.--001153) which changes the amino acid at
position 137 from serine to arginine. This change is noted in bold and double underline in the

amino acid sequence of the dimer above.

D. Annexin VIII Homodimer

[00178] A homodimer of annexin IV was prepared similarly to the annexin V homodimer
described in Example 1B. The vector used was pET-29a(+), available from Novagen
(Madison, Wis.). The plasmid sequence was denoted as pET-ANXAS8-2X and was 7257 bp
(SEQ ID NO:20). pET-ANXA4-2X contains an open reading frame from nucleotide number
5076 to 7085 (including 3 stop codons). The first copy of Annexin VIII spans nucleotides
5076-6056 of SEQ ID NO:20, a first swivel linker spans nucleotides 6057-6062 of SEQ ID
NO:20, the PreScission protease recognition site spans nucleotides 6063-6086 of SEQ ID
NO:20, the second swivel linker spans nucleotides 6087-6092 of SEQ ID NO:20, the second
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copy of annexin VIII spans nucleotides 6099-7079 of SEQ ID NO:20, and a kanamycin
resistance gene spans nucleotides 1375-560 of SEQ ID NO:20. The sequence from
nucleotide number 5076 to 7085 is further represented herein as SEQ ID NO:21. Translation
of SEQ ID NO:21 results in the annexin VIII homodimer polypeptide having the following
amino acid sequence:

[00179] MAWWKAWIEQEGVTVKSSSHFNPDPDAETLYKAMKGIGTNEQAIIDVLT
K RSNTQRQQIAKSFKAQFGKDLTETLKSELSGKFERLIVALMYPPYRYEAK
ELHDAMKGLGTKEGVIIEILASRTKNQLREIMKAYEEDYGSSLEEDIQAD
TSGYLERILVCLLQGSRDDVSSFVDPALALQDAQDLYAAGEKIRGTDEMK
FITILCTRSATHLLRVFEEYEKIANKSIEDSIKSETHGSLEEAMLTVVKC
TONLHSYFAERLYYAMKGAGTRDGTLIRNIVSRSEIDLNLIKCHFKKMYG
KTLSSMIMEDTSGDYKNALLSLVGSDPGSIevlfqgpSGKLAWWKAWIEQ
EGVTVKSSSHFENPDPDAETLYKAMKGIGTNEQAIIDVLTKRSNTQRQQIA
KSFKAQFGKDLTETLKSELSGKFERLIVALMYPPYRYEAKELHDAMKGLG
TKEGVIEILASRTKNQLREIMKAYEEDYGSSLEEDIQADTSGYLERILV
CLLQGSRDDVSSFVDPALALQDAQDLYAAGEKIRGTDEMKFITILCTRSA
THLLRVFEEYEKIANKSIEDSIKSETHGSLEEAMLTVVKCTQNLHSYFAE
RLYYAMKGAGTRDGTLIRNIVSRSEIDLNLIKCHFKKMYGKTLSSMIMED
TSGDYKNALLSLVGSDP (SEQ ID NO:23)

[00180] In the sequence above, the swivel sites are denoted by bold and underline, the
PreScission protease site is in lower case, and an introduced restriction site is in italics. The
annexin VIII gene as cloned contains a single base substitution compared to the published
sequence (GenBank accession number NMooi630). The result is a codon change for tyrosine at

position 92 from TAT to TAC.
Example 2:
Affinity of annexin V and annexin V homodimer for PS

[00181] Recombinant homodimers of annexin V (Diannexin, DAV) binds PS on cell
surfaces with a higher affinity than monomeric annexin V (AV). The affinities of
recombinant annexin V (AV) and recombinant annexin V homodimer (DAV, Diannexin) for
PS on the surface of cells were compared. To produce cells with PS exposed on their
surfaces, human peripheral red blood cells (RBCs) were treated with a Ca** ionophore

(A23187). The phospholipid translocase (flipase), which moves PS to the inner leaflet of the
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plasma membrane bilayer, was inactivated by treatment with N-ethyl maleimide (NEM),
which binds covalently to free sulfthydryl groups. Raising intracellular Ca** activates the
scramblase enzyme, thus increasing the amount of PS in the outer leaflet of the plasma
membrane bilayer.

[00182] Washed human RBCs were resuspended at 30% hematocrit in K-buffer (80 mM
KCI, 7mM NACI, 10 mM HEPES, pH 7.4). They were incubated for 30 minutes at 37°C in
the presence of 10 mM NEM to inhibit the flipase. The NEM-treated cells were washed and
suspended at 16% hematocrit in the same buffer with added 2 mM CaCl,. The scramblase
enzyme was activated by incubation for 30 minutes at 37°C with A23187 (final concentration
4 uM). As a result of this procedure, more than 95% of the RBCs had PS demonstrable on
their surface by flow cytometry.

[00183] Recombinant AV and DAV were biotinylated using the FluReporter protein-
labeling kit (Molecular Probes, Eugene Oreg.). Biotin-AV and biotin-DAYV conjugates were
visualized with R-phycoerythrin-conjugated streptavidin (PE-SA) at a final concentration of 2
ng/ml. Flow cytometry was performed on a Becton Dickinson FACScaliber and data were
analyzed with Cell Quest software (Becton Dickinson, San Jose Calif.).

[00184] No binding of AV or DAV was detectable when normal RBCs were used.
However, both AV and DAV were bound to at least 95% of RBCs exposing PS. RBCs
exposing PS were incubated with various amounts of AV and DAYV, either (a) separately or
(b) mixed in a 1:1 molar ratio, before addition of PE-SA and flow cytometry. In such
mixtures, either AV or DAV was biotinylated and the amount of each protein bound was
assayed as described above. The experiments were controlled for higher biotin labeling in
DAYV than AV.

[00185] Representative results are shown in FIG. 2. In this set of experiments, RBCs
exposing PS were incubated with (a) 0.2 ng of biotinylated DAV (FIG. 2A); (b) 0.2 ng of
nonbiotinylated DAV (FIG. 2B); (c) 0.2 pg of biotinylated AV and 0.2 ng nonbiotinylated
DAYV; and (d) 0.2 pg of biotinylated DAV and 0.2 pg nonbiotinylated AV (FIG. 2D).
Comparing FIG. 2B and FIG. 2D shows that the presence of 0.2 pg of nonbiotinylated AV
had no effect on the binding of biotinylated DAV. However, comparing FIG. 2A and FIG.
2C shows that the presence of 0.2 ng of nonbiotinylated DAV strongly reduced the amount of
biotinylated AV bound to PS-exposing cells. These results indicate that DAV and AV
compete for the same PS-binding sites on RBCs, but with different affinities; DAV binds to

PS that is exposed on the surface of cells with a higher affinity than does AV. We have used
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this model to show that the Annexin VIII homodimer has a somewhat higher affinity for PS
on cell surfaces than the Annexin V homodimer does, whereas the affinity of the Annexin IV

homodimer is somewhat lower.
Example 3

Diannexin Clearance

[00186] Recombinant homodimer of human annexin V (Diannexin, DAV, 73 kDa) has a
longer half-life in the circulation than monomeric annexin V (AV, 36 kDa). The molecular
weight of Diannexin exceeds renal filtration threshold whereas that of annexin V does not.
This was demonstrated by following the clearance of radioiodinated Diannexin from the
peripheral blood of a rat. Observations in the rabbit (Thiagarajan and Benedict, Circulation
96: 2339, 1977), rat, cynomolgus monkey, (Romisch et al., Thrombosis Res. 61: 93, 1991)
and humans (Kemerink et al., J. Nucl. Med. 44: 947, 2003) had shown that AV has a short
half-life in the circulation (7 to 24 minutes, respectively), with a major loss into the kidneys.
[00187] As shown herein, rats were injected with radiolabeled Diannexin, blood samples
were obtained at 5, 10, 15, 20, 30, 45, and 60 min and 2, 3, 4, 8, 16 and 24 hrs, and blood
radioactivity was determined to construct a blood disappearance curve. (FIG. 3)
Disappearance of Diannexin from blood could be described by a two-compartment model,
with about 75-80% disappearing in the a-phase (t/2 about 10 min), and 15-20% in the -
phase (t/2 about 400 min). Clearance could be described by a two-compartment model, with
half-lives of 9-14 min and 6-7 hrs, respectively. Two experiments were performed, each with
three male Wistar rats (300 gram). Diannexin was labeled with | by the method of
Macfarlane, and the labeled protein was separated from free Sephadex G-50. After injection
of Nal (5 mg/kg) to prevent thyroid uptake of label, about 8x10° cpm (50 pL of protein
solution diluted to 0.5 mL with saline) were injected via a femoral vein catheter (rats 1 and 2)
or via the vein of the penis (rat 3). At specified times thereafter, blood samples (150 pL)
were obtained from a tail vein and 100 pL. counted.

[00188] The B-phase parameters were calculated from the data collected between 45 min
and 24 hrs. The a-phase parameters were calculated from the data between 5 and 45 min by
the subtraction method. The blood radioactivity curves were analyzed by a two-compartment
model, using the subtraction method. The linear correlation coefficients for the a- and the B-
phase were -0.99 and -0.99 in experiment 1, and -0.95 and -0.96 in experiment 2. The

clearance parameters are shown in Table 1.
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TABLE 1. Diannexin clearance parameters.

Experiment 1 Experiment 2
t/2 alpha phase 9.2 min 14.1 min
t/2 beta phase 385 min 433 min
% in alpha phase 85% 79%
% in beta phase 15% 21%
Isotope recovery in blood (%) 89% 52%

These observations show that dimerization of annexin V has extended its survival in the

circulation.

[00189] The pharmacokinetics of Diannexin were also studied following intravenous
administration of several doses to adult male and female Sprague-Dawley rats. Mean
Diannexin concentration-time data, determined by an ELISA assay, for males and females
separately (9 rats per gender) were subjected to noncompartmental pharmacokinetic analysis

using WinNonlin 1:5, with nominal times. The results are summarized in Table 2 below.

TABLE 2. Summary of Diannexin Plasma Pharmacokinetic Parameters.

Group Dosage Gender tl2h
mg/kg
4 0.5 M 24
F 2.2
2 1 M 2.0
F 1.8
3 5 M 3.1
F 1.8

[00190] Thus by two independent methods Diannexin has been shown to have a much
longer half life in the circulation than reported for annexin V monomer. The prolonged

survival of Diannexin in the circulation will augment its therapeutic efficacy.

Example 4:

Diannexin is a potent inhibitor of secretory phospholipase A .

[00191] The inhibitory effects of annexin V (AV) and the annexin V homodimer
(DAV) on the activity of human sPLA, (Cayman, Ann Arbor Mich.) were compared. PS
externalized on RBCs treated with NEM and A23187, as described above, was used as the
substrate. In control cells, AV and DAV were found to bind to PS-exposing RBCs as

demonstrable by flow cytometry. Incubation of the PS-exposing cells with SPLA, removes
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PS, so that the cells no longer bind annexin. If the PS-exposing cells are treated with AV or
DAV before incubation with PLA,, the PS is not removed. The cells can be exposed to a
Ca**-chelating agent, which dissociates AV or DAV from PS, and subsequent binding of
labeled AV reveals the residual PS on cell surfaces. Titration of AV and DAV in such assays
shows that both are potent inhibitors of the activity of sPLA; on cell-surface PS.

[00192] The inhibition of phospholipase is also demonstrable by another method. Activity
of sSPLA; releases lysophosphatidylcholine, which is hemolytic. It is therefore possible to
compare the inhibitory effects of AV and DAV on PLA; in a hemolytic assay. As shown in
FIG. 4, both AV and DAYV inhibit the action of PLA,, with DAV being somewhat more
efficacious. Hemolysis induced after 60 minutes incubation with pPLA, was strongly
reduced in the presence of DAV or AV compared to hemolysis in their absence. From these
results it can be concluded that a homodimer of annexin V is a potent inhibitor of secretory
PLA,. It should therefore decrease the formation of mediators such as thromboxane A,, as
well as lysophophatidylcholine and lysophosphatidic acid, which are believed to contribute to
the pathogenesis of IRI (Hashizume et al. Jpn. Heart J., 38: 11, 1997; Okuza et al., J. Physiol.,
285: F565, 2003).

Example 5:

Modified Annexin Protects Against IRI

[00193] A mouse liver model of warm IRI was used to ascertain whether modified
annexins protect against this type of injury, compare the activity of annexin V with modified
annexins, and determine the duration of activity of modified annexins. The model has been
described by Teoh et al. (Hepatology 36:94, 2002). Female C57BL6 mice weighing 18 to 25
g were used. Under ketamine/xylazine anesthesia, the blood supply to the left lateral and
median lobes of the liver was occluded with an atraumatic microvascular clamp for 90
minutes. Reperfusion was then established by removal of the vascular clamp. The animals
were allowed to recover, and 24 hours later they were killed by exsanguination. Liver
damage was assessed by measurement of serum alanine aminotransferase (ALT) activity and
histological examination. A control group was subjected to anesthesia and sham laparotomy.
To assay the activity of annexin V and modified annexins, groups of 4 mice were used. Each
of the mice in the first group was injected intravenously with 25 micrograms of annexin V
(AV), each of the second group received 25 micrograms of annexin homodimer (DAV), and
each of the third group received 2.5 micrograms of annexin V coupled to polyethylene glycol

(PEG-AV, 57 kDa). Controls received saline or the HEPES buffer in which the annexins
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were stored. In the first set of experiments, the annexins were administered minutes before
clamping branches of the hepatic artery. In the second set of experiments, annexins and
HEPES were administered 6 hours before initiating ischemia. Representative experimental
results are summarized in FIG. 5.

[00194] In animals receiving annexin V (AV) just before ischemia, slight protection was
observed. By contrast, animals receiving the annexin dimer (DAV) or PEG-AV, either just
before or 6 hours before ischemia, showed dramatic protection against IRI. Histological
studies confirmed that there was little or no hepatocellular necrosis in these groups. The
results show that the modified annexins (DAV and PEG-AV) are significantly more
protective against ischemia reperfusion injury in the liver than is AV. Furthermore, the
modified annexins (DAV and PEG-AV) retain their capacity to attenuate IRI for at least

6 hours.

[00195] In sham-operated animals, levels of ALT in the circulation were very low. In
animals receiving saline just before ischemia, or HEPES 6 hours before ischemia, levels of

ALT were very high, and histology confirmed that there was severe hepatocellular necrosis.

Example 6

IRI and Diannexin

[00196] Studies were undertaken to test embodiments of the invention for the pathogenesis
of IRI and mode of action of Diannexin. During ischemia, PS becomes accessible on the
luminal surface of endothelial cells (EC) in hepatic sinusoids. During reperfusion leukocytes
and platelets become attached to PS on the surface of EC and reduce blood flow in the
hepatic microcirculation. Diannexin binds to PS on the surface of EC and decreases the
attachment of leukocytes and platelets to them. By this mechanism Diannexin maintains
blood flow in the hepatic microcirculation and thereby attenuates IRI.

[00197] This Example provides observation of the microcirculation in the mouse liver in
vivo using a published method (McCuskey et al., Hepatology 40: 386,2004). As described in
example 5, 90 minutes of ischemia was followed by various times of reperfusion. FIGS. 6A
and 6B show that during reperfusion many leukocytes become attached to EC in both the
periportal and centrilobular areas (IR). Diannexin (I mg/kg, intravenous) reduces such
attachment in a statistically significant manner (IR+D). FIGS. 7A and 7B show that this is
also true of the adherence of platelets to EC during reperfusion. This Example shows that the
mode of action of Diannexin in attenuating IRI is therefore confirmed. Diannexin does not

influence the phagocytic activity of Kupffer cells in either location. Hence, Diannexin has no
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effect on this defense mechanism against pathogenic organisms. This finding supports other

evidence that Diannexin does not have adverse effects.

Example 7

Diannexin and Liver IRI

[00198] This Example was undertaken to ascertain whether Diannexin can protect the liver
from IRI when administration of the protein is delayed until after the commencement of
reperfusion. Our standard protocol for the mouse liver warm IRI was used: adult female
C57BL6 mice, 90 minutes ischemia and 24 hrs reperfusion. Endpoints were serum ALT
levels and liver pathology at 24 hours. Diannexin (1 mg/kg) was administered 10 minutes
and 60 minutes after commencement of reperfusion (Example 5). As shown in Table 3, both
of these procedures significantly decreased ALT levels, and protective effects were
confirmed by liver histology. These observations show that Diannexin administration can be
delayed until at least 1 hour after the initiation of reperfusion, implying that EC changes
during the first hour are reversible. The findings also show that administration of Diannexin
up to one hour after re-establishing the circulation in recipients of transplanted organs should

attenuate IRI.

TABLE 3. Effect of Diannexin (1 mg/kg) Administration during Reperfusion.

Administration during Reperfusion
Time after commencement Serum ALT Probability
of reperfusion mean + s.d.
0 (untreated control) 840 + 306
10 minutes 153+ 83 p<0.05
60 minutes 255+ 27 p<0.05
Example 8

Timing of Diannexin Administration

[00199] The efficacy of Diannexin in protection of organs during cold ischemia-warm
reperfusion injury was evaluated in well-defined rat liver transplantation model (Sawitzki, B.
et al. Human Gene Therapy 13: 1495, 2002). Livers were recovered from adult male
Sprague-Dawley rats, perfused with University of Wisconsin solution, kept at 4°C for 24 hrs

and transplanted orthotopically into syngeneic recipients. Under these conditions 60% of
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untreated recipients died within 48 hours of transplantation, as previously observed in similar
experiments. Another 10 recipients of liver grafts were given Diannexin (0.2 mg/kg
intravenously) 10 minutes and 24 hrs after transplantation. All these animals survived for
more than 14 days, which on the basis of previous experience implies survival unlimited by
the operation.

[00200] As shown in Table 4, levels of the liver enzyme alanine aminotransferase (ALT)
in the circulation of untreated recipients at 6 hrs and 24 hrs post transplantation were
significantly higher than in Diannexin-treated recipients. Diannexin-mediated cytoprotection
was confirmed by histological examination of the livers in transplant recipients. By 7 days
post transplantation ALT levels were back to the normal range in all recipients.

[00201] In asecond group of 10 recipients Diannexin was used in a different way. Rat
livers were obtained from Sprague-Dawley donors and perfused ex vivo with University of
Wisconsin Solution containing Diannexin (0.2 mg/liter) twice, before 24 hr of 4°C cold
storage and just before orthotopic transplantation. No Diannexin was given post-transplant to
these recipients, all of which survived >14 days. Again ALT levels at 6 and 24 hrs were
significantly lower than in untreated animals and histological examination showed a
substantial difference between the well preserved livers in Diannexin-treated and the partially
necrotic livers in control graft recipients.

[00202] These observations show that Diannexin markedly attenuates IRI in a cold
ischemia-warm reperfusion rat liver model which is similar to the situation in human liver
transplantation. Diannexin is equally efficacious when included in the solution used to
perfuse the liver ex vivo when administered to recipients of liver grafts shortly after

transplantation.

TABLE 4. Serum ALT levels (IU/L) in rat liver graft recipients.

Untreated controls Diannexin treated Probability
6 hrs 1345 + 530 267+ 110 <0.001
1 day 4031 + 383 620 + 428 <0.001
7 days 99 =31 72 + 8 >0.5

Example 9:
Diannexin Attenuates IRI In Steatotic Liver
[00203] When human livers contain more than 20% of fat they are termed steatotic. The

risk of IRI following transplantation of such livers is increased, and it would be desirable to
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attenuate this complication. A recognized model of steatosis, of the type associated with the
metabolic syndrome preceding type 2 diabetes, is provided by Zucker (leptin-deficient) rats
(Amersi et al. Proc. Natl. Acad. Sci. U.S.A. 2002; 99: 8915). To determine whether
Diannexin can protect steatotic rat livers following transplantation this model was used.
[00204] The experimental procedure was as described by Amersi et al. (loc cif). Fatty
livers were recovered from Zucker rats and stored at 4° in University of Wisconsin solution
for 4 hours. This results in IRI of severity is comparable to that observed following storage
of lean livers for 24 h. Following storage the steatotic livers were transplanted orthotopically
into syngeneic lean recipients. Diannexin (200 pg/kg) was administered to 10 recipients at
the time of reperfusion and on the second day after transplantation. A control group of 10
fatty liver recipients and another group of sham-operated rats were included. The recipients
of fatty livers not given Diannexin showed 50% mortality; those receiving Diannexin showed
100% survival (p<0.01). Fatty liver recipients treated with Diannexin showed significantly
lower ALT levels than untreated, control fatty liver recipients (p<0.05). These functional
data were well correlated with Suzuki’s histological grading of hepatic injury. Unlike in
untreated fatty liver transplant recipients, those in Diannexin-treated animals showed minimal
sinusoidal congestion and necrosis, and good preservation of lobular architecture. These
observations document the potential utility of Diannexin to increase the transplant donor pool

through attenuation of IRI when marginal steatotic livers are transplanted.

Example 10

Diannexin Effects on Thrombosis, Hemostasis, and Stroke

[00205] The observations described in the preceding Examples show that Diannexin
markedly attenuates IRI in the mouse liver, and raised the possibility that the same would be
true of IRI in other organs, including the brain. The capacity of Diannexin to attenuate IRI
injury, as described above, was an important part of the profile leading to exploration for
treatment of stroke. The other important part of the profile is that Diannexin has potent
antithrombotic activity with minimal effects on hemostasis.

Distinction between effects on thrombosis and hemostasis

[00206] It has been established that annexin V inhibits arterial and venous thrombosis with
minimal effects on hemorrhage (Romisch et al. Thrombosis Res. 1991; 61: 93; Thiagarajan
and Benedict Circulation 1977; 96: 2339), a remarkable and clinically desirable dissociation.
These observations, together with the absence of increased bleeding when the Diannexin is

used to prevent IRI in the major surgical operations of organ transplantation, described in
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Example 8, raise the question whether there is any distinction between the mechanisms
mediating hemostasis and thrombosis. Obviously some events, such as fibrin deposition, are
common to both pathways, but evidence is accumulating that there is partial separation of the
pathways. Major events in hemostasis include: (1) recruitment of platelets to sites of
vascular injury and their activation and aggregation; (2) activity of the tissue factor
(TF)/factor VIla complex. Annexin V does not bind to several adhesion molecules mediating
the recruitment of platelets to damaged blood vessels. Platelets are initially attached to
extracellular matrix (ECM) through the binding of von Willebrand factor to platelet factor Ib.
Adhesion continues through the interaction of platelet integrin 0oz3; with the ECM (see
Kleinschnitz et al. J. Exp. Med. 2006; 203: 513-518).

[00207] Annexin V does not inhibit platelet aggregation induced by thrombin or collagen
(Sun et al. Thromb. Res. 1993; 62: 289-296), and the same is true of Diannexin (data not
shown). TF/VIla activity mediates the local deposition of fibrin at sites of injury. The
importance of this pathway in hemostasis is demonstrated by two sets of observations. First,
mice with targeted inactivation of either the TF or the factor VII gene exhibit severe bleeding
during embryonic or early postnatal life (references in Kleinschnitz et al., loc cit.). These
hemorrhagic tendencies are more pronounced than in mice deficient in other coagulant
proteins. Second, recombinant factor VIla is highly efficacious in the treatment of human
patients with hemorrhage, not only in hemophilia but also in trauma and other clinical
conditions (Hedner Semin. Hematol. 2004; 41: 35-39).

[00208] Annexin V does not inhibit the activity of the TF/VIla complex when tested side-
by-side in experiments where it strongly inhibits prothrombinase activity (Rao et al.
Thrombosis Res. 1992; 67: 517-531). A TF-annexin V chimeric protein was generated to
target TF to sites of vascular damage (Huang et al. Blood 2006; 107: 980-986). In
therapeutic concentrations this construct decreased bleeding in experimental animals,
demonstrating that the annexin V component was not impairing the hemostatic activity of TF
in the complex. In contrast to these minimal effects on hemostasis, annexin V and Diannexin
exert anti-thrombotic activity, notably inhibition of prothrombinase activity.

Diannexin attenuates reperfusion injury in a stroke model

[00209] This experiment was undertaken to ascertain the effectiveness of Diannexin in
treatment of stroke.

[00210] A well-characterized mouse model has been used. This was developed because

the lesions following middle cerebral artery occlusion include edema and hemorrhage into the
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area of reperfusion, which complicate human stroke (Maier et al. Ann. Neurol. 2006; 59:
929-938). Knock-out (KO) mice with targeted disruption of the inducible mitochondrial
manganese-containing superoxide dismutase are subjected to a mild stroke followed by early
reperfusion and up to 3-day survival. These heterozygous (SOD2 -/+) mice are more
susceptible to IRI than their wild-type counterparts. During the period 1 to 3 days after
commencing reperfusion there is edema, as shown by extravasation of the Evans blue dye.
The area of brain damage increases significantly, and in many animals there is hemorrhage
into the reperfused area (Maier et al. loc cit.). These animals allow evaluation of treatment
strategies designed to decrease the complications of cerebral reperfusion.

[00211] To ascertain whether Diannexin can attenuate IRI in this model two groups of
SOD2 (-/+) mice were subjected to transient (30 minutes) cerebral artery occlusion (MCAO).
Ten minutes before commencing reperfusion in one group Diannexin (200 micrograms/kg)
was injected intravenously. The other group served as an untreated control. In two different
experiments Diannexin injection had no demonstrable effect on brain damage assessed by the
size of the primary infarct 24 hours after commencing reperfusion. However, Diannexin
treatment decreased edema measured 72 hours after commencing reperfusion and eliminated
the extension of the area of brain damage between 24 and 72 hours. Particularly striking was
the reduction in the rates of hemorrhage (12/15 in controls as compared with 3/13 in
Diannexin-treated mice, p = 0.003). Because Diannexin can inhibit thrombosis there was a
theoretical possibility that it might also increase hemorrhage. However, the opposite was
observed, showing that by preserving vascular integrity, and having minimal effects on
mechanisms involved in hemostasis, Diannexin can attenuate IRI without increasing risk of
hemorrhage. This is an important consideration for any treatment complementing mechanical
thrombus removal or thrombolysis.

[00212] By exposing subendothelial connective tissues, the abovementioned procedures
allow attachment of platelets, leukocytes and microparticles. This has two important
consequences: increasing the likelihood of rethrombosis and that of restenosis. Restenosis,
which results from expansion of the area of smooth muscle and connective tissue in the
arterial wall, is a major complication following coronary angioplasty. The release of growth
factors and cytokines from platelets and leukocytes is thought to initiate restenosis. If the
attachment of platelets, leukocytes, and microparticles to the subendothelium can be reduced
the likelihood of rethrombosis and restenosis can be decreased. Annexin V binds to

collagen X, a constituent of basement membrane (von der Mark and Mollenhauer Cell Mol.
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Life Sci. 1997; 53: 539) and to heparan sulfate, a constituent of extracellular connective
tissue matrix (Ishitzuka et al., J. Biol. Chem. 1998; 273: 9935). It is anticipated that
Diannexin has similar effects and can decrease the attachment of platelets, leukocytes and
microparticles to the subendothelium of cerebral arteries when the EC lining is damaged
following surgical removal of thrombi or thrombolysis. It is further anticipated that the risks
of rethrombosis and restenosis will be decreased by Diannexin therapy.

[00213]  All references cited above are incorporated herein by reference in their entirety.
[00214] The words “comprise”, “comprises,” and “comprising” are to be interpreted

inclusively rather than exclusively.
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WHAT IS CLAIMED IS:

1.

10.

11.

A method of attenuating ischemia-reperfusion injury (IRI) by administering to a
patient in need thereof a PS binding agent wherein the PS binding agent binds with
high affinity to phosphatidylserine (PS) on cell surfaces.

A method of claim 1, wherein the PS-binding agent inhibits the attachment of
monocytes or platelets which express receptors for PS to ischemic or activated cells

wherein the ischemic or activated cells express PS on their cell surface.

A method of claim 1, wherein the PS-binding agent inhibits the attachment of
enzymes that use PS as a docking site, e.g. secretory phospholipase A, or the
prothrombinase complex, to ischemic or activated cells wherein the ischemic or

activated cells express PS on their cell surface.
The method of claim 1, wherein the IRI is caused by organ transplantation.
The method of claim 1, wherein the IRI is caused by tissue grafting.

The method of claim 1, wherein the IRI is caused by surgery wherein the surgery cuts

off and/or restricts blood flow to a target site.

The method of claim 4, wherein the IRI is caused by organ transplantation and the
PS-binding agent is administered to the patient up to about 6 hours prior to

reperfusion.

The method of claim 4, wherein the IRI is caused by organ transplantation and the
PS-binding agent is administered to the patient up to about 1 hour after commencing

reperfusion.

The method of claim 4, wherein the IRI is caused by surgery cutting off and/or
restricting blood flow and the PS-binding agent is administered to the patient within

about 6 hours of the surgical procedure.

The method of claim 1, wherein the PS-binding agent is any molecule that inhibits

interaction with PS located on the surface of an ischemic or activated cell.

The method of claim 10, wherein the PS-binding agent is selected from the group
consisting of a modified annexin, a monoclonal or polyclonal antibody to PS or

another ligand for PS.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The method of claim 11, wherein the PS-binding agent is a peptide ligand having an
affinity for PS that is at least about 10% of the affinity of annexin.

The method of claim 11, wherein the PS-binding agent is a modified annexin selected
from the group consisting of modified annexin I, modified annexin II, modified

annexin III, modified annexin IV, modified annexin V, and modified annexin VIII.

The method of claim 11, wherein the agent is a modified annexin selected from the
group consisting of an annexin homodimer, an annexin heterodimer, an annexin
heterotetramer, and an annexin protein coupled to an additional protein wherein each

modified annexin has a larger effective size than an annexin monomer.

The method of claim 14, wherein the protein coupled to annexin is the Fc portion of

immunoglobulin.

The method of claim 14, wherein the modified annexin is an annexin dimer
comprising a first annexin protein coupled to a second annexin protein via a fusion

segment.

A method of preventing IRI, the method comprising administering to an organ

transplant recipient a therapeutic composition including a PS-binding agent.

A method of preventing IRI to ischemic cells (e.g. ECs), activated cells (e.g. platelets)
or a group of cells (e.g. isolated pancreatic islets), the method comprising contacting a

PS-binding agent to the ischemic cells, activated cells or group of cells.

The method of claim 18, wherein the IRI is caused by organ transplantation and the
therapeutic composition containing the PS-binding agent is contacted with a donor
organ up to about 24 hours prior to reperfusion up to 1 hour after commencing

reperfusion.

The method of claim 18, wherein the IRI is caused by a tissue graft and the
therapeutic composition containing the PS-binding agent is contacted with a donor

tissue up to about 24 hours prior to reperfusion.

The method of claim 18, wherein the IRI is caused by surgery and the therapeutic
composition containing the PS-binding agent is administered to a patient before,

during, and/or after a surgical procedure.
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22.

23.

24.

25.

26.

The method of claim 18, wherein adding a PS-binding agent to a therapeutic

composition inhibits interaction with PS located on the surface of an ischemic cell.

The method of claim 18, wherein adding a PS-binding agent to a therapeutic
composition inhibits monocyte-macrophage recognition on the surface of ischemic or

activated cells.

A method of protecting an organ or a tissue susceptible to IRI, the method comprising

contacting the organ or tissue with a PS-binding agent.

A method of attenuating IRI, the method comprising administering a PS-binding

agent to a stroke patient.

A method of attenuating IRI, the method comprising administering a PS-binding

agent to a patient suffering myocardial infarction.
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Figure 3: Blood radioactivity in rats following injection of radio-
labelled DAV. The decrease in blood radioactivity (open squares) is
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circles) superimposed.
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