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(57) ABSTRACT 

The present invention identi?es P-selectin as a modulator of 
hemostasis. Accordingly, the present invention relates to 
methods for the identi?cation and use of modulators of 
P-selectin activity as modulators of hemostasis. The inven 
tion also relates to methods and compositions for the diag 
nosis and treatment of hemostatic disorders, including, but 
not limited to, hemorrhagic disorders and thrombotic disor 
ders. The present invention describes methods for the diag 
nostic evaluation and prognosis of various hemostatic con 
ditions, and for the identi?cation of subjects exhibiting a 
predisposition to such conditions. In addition, the present 
invention provides methods for the diagnostic monitoring of 
patients undergoing clinical evaluation for the treatment of 
a hemostatic or vascular disorders, and for monitoring the 
ef?cacy of compounds in clinical trials. 
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FIG. 2 
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FIG. 4 
Fibrin deposition in a local 
Shwartzman reaction 
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FIG. 9 
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FIG. 1 2A 
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FIG. 13A 
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METHODS FOR DIAGNOSING AND TREATING 
HEMOSTATIC DISORDERS BY MODULATING 

P-SELECTIN ACTIVITY 

RELATED APPLICATIONS 

[0001] This application claims the bene?t of prior-?led 
provisional patent application Ser. No. 60/205,734, ?led 
May 19, 2000, entitled “Methods For Diagnosing and Treat 
ing Hemostatic Disorders By Modulating P-Selectin Activ 
ity.” The entire content of the above-referenced application 
is incorporated herein by this reference. 

BACKGROUND OF THE INVENTION 

[0002] The ability of cells to adhere to one another plays 
a critical role in development, normal physiology, and 
disease processes. This ability is mediated by adhesion 
molecules, generally glycoproteins, expressed on the cell 
surface. Several important classes of adhesion molecules 
include the integrins, the selecting, and members of the 
immunoglobulin (Ig) superfamily. Selectins play a central 
role in mediating leukocyte adhesion to activated endothe 
lium and platelets. 

[0003] Blood clotting, along With in?ammation and tissue 
repair, are host defense mechanisms Which function in 
parallel to preserve the integrity of the vascular system after 
tissue injury. In response to tissue injury, platelets, endot 
helial cells and leukocytes are essential for the formation of 
a platelet plug, deposition of leukocytes in injured tissue, 
initiation of in?ammation, and Wound healing. 

[0004] P-selectin, also knoWn as CD62, granule mem 
brane protein-140 (GMP-140), and platelet activation-de 
pendent granule external membrane protein (PADGEM), is 
an integral membrane glycoprotein that is expressed on 
vascular endothelial cells and platelets, and is involved in 
the recognition of various circulating cells. The P-selectin 
molecule has an N-terminal lectin domain, a region With 
homology to epidermal groWth factor, a region With homol 
ogy to complement regulatory proteins, a transmembrane 
domain, and a short cytoplasmic tail. The P-selectin ligand 
includes the Lex carbohydrate structure, sialic acid, and the 
PSGL-1 protein (US. Pat. No. 5,843,707). 

[0005] P-selectin is constitutively stored in secretory gran 
ules (e.g., a-granules and Weibel-Palade bodies) and is 
translocated to the surface of platelets and endothelial cells 
in response to a variety of stimuli, including cell activation, 
Where it mediates platelet-leukocyte and endothelium-leu 
kocyte interactions. The cell surface expression of P-selectin 
is tightly regulated, and P-selectin is rapidly shed from the 
cell surface upon platelet activation, appearing as a soluble 
fragment in the plasma (Berger, G. et al. Blood (1998) 
92:4446-4452). Soluble P-selectin may also result from an 
alternatively spliced isoform of P-selectin lacking the trans 
membrane domain (IshiWata, N. et al. J. Biol Chem (1994) 
269123708). The plasma of healthy humans and mice con 
tains little soluble P-selectin, as detected by ELISA, and an 
increase in plasma P-selectin concentration may indicate in 
vivo activation of and/or damage to platelets and endothelial 
cells. 

[0006] In addition to its role in leukocyte rolling and 
extravasation in in?ammation, P-selectin mediates platelet 
leukocyte adhesion Within thrombi, and increases tissue 
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factor expression on monocytes, thereby promoting ?brin 
deposition by leukocytes and thrombogenesis (Palabrica, T. 
et al. Nature (1992) 359:848-851; Celi, A. et al. Proc Natl 
Acad Sci USA (1994) 91:8767-8771). 

SUMMARY OF THE INVENTION 

[0007] The present invention provides methods and com 
positions for the regulation of hemostatic and thrombotic 
processes using modulators of P-selectin activity (e.g., 
inducers and inhibitors of P-selectin activity), as Well as for 
the diagnosis and treatment of hemostatic disorders. 

[0008] In one aspect, the invention provides methods for 
inducing hemostasis in a subject, comprising administering 
an inducer of P-selectin activity to the subject. In one 
embodiment, the inducer of P-selectin activity increases the 
level of circulating soluble P-selectin in the subject. The 
inducer of P-selectin activity may increase the level of 
soluble P-selectin polypeptide by increasing the proteolytic 
cleavage of P-selectin from the cell surface, or by increasing 
P-selectin gene expression. In another embodiment, the 
inducer of P-selectin activity binds to a P-selectin ligand or 
receptor (e.g., PSGL-1) and mimics the activity of a P-se 
lectin polypeptide, e.g., a soluble P-selectin polypeptide. 

[0009] In an exemplary embodiment, the invention pro 
vides methods for inducing hemostasis in a subject, com 
prising administering soluble P-selectin polypeptide to the 
subject. In another embodiment, an isolated nucleic acid 
molecule comprising a nucleotide sequence Which encodes 
a soluble P-selectin polypeptide is administered to the 
subject to induce hemostasis. In a further embodiment, 
hemostasis is induced in a subject by administering a 
recombinant cell expressing soluble P-selectin polypeptide. 

[0010] In another aspect, the invention provides methods 
for treating or preventing a disorder associated With hypo 
coagulation, e.g., a hemorrhagic disorder, in a subject, 
comprising administering to the subject an inducer of P-se 
lectin activity. In one embodiment, a soluble P-selectin 
polypeptide is administered to a subject to treat or prevent a 
disorder associated With hypocoagulation. 

[0011] In a further aspect, the invention provides methods 
for treating a vasculature-associated disease in a subject, 
comprising administering to the subject an inducer of P-se 
lectin activity. In a preferred embodiment, a soluble P-se 
lectin polypeptide is administered to a subject to treat or 
prevent a vasculature-associated disease. In one embodi 
ment, the vasculature-associated disease is a tumor. In 
another embodiment, the subject is further treated With a 
molecule effective to induce a procoagulant state in tumor 
associated vasculature, e.g., a molecule comprising a ?rst 
binding region that binds to a component of a tumor cell or 
tumor associated vasculature operatively linked to a coagu 
lation factor or a second binding region that binds to a 
coagulation factor. 

[0012] Another aspect of the invention provides methods 
for reducing hemostasis in a subject, comprising adminis 
tering to the subject an inhibitor of P-selectin activity. In one 
embodiment, the inhibitor of P-selectin activity decreases 
the level of soluble P-selectin in plasma of the subject. The 
inhibitor of P-selectin activity may decrease the level of the 
soluble P-selectin polypeptide by decreasing the proteolytic 
cleavage of P-selectin from the cell surface, or decreasing 
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P-selectin gene expression. In another embodiment, the 
inhibitor of P-selectin activity is an anti-P-selectin antibody. 
In yet another embodiment, the inhibitor of P-selectin activ 
ity is a recombinant soluble PSGL-l polypeptide. In a 
further embodiment, the invention provides a method for 
reducing hemostasis in a subject, comprising administering 
an isolated nucleic acid molecule comprising a nucleotide 
sequence Which is antisense to a nucleotide sequence Which 
encodes a P-selectin polypeptide, e.g., a soluble P-selectin 
polypeptide. 
[0013] In another aspect, the invention provides methods 
for treating or preventing a thrombotic disorder in a subject, 
comprising administering to the subject an inhibitor of 
P-selectin activity. Thrombotic disorders that may be treated 
or prevented using the methods of the invention include 
arteriosclerosis, deep vein thrombosis, angina, e.g., unstable 
angina, and restenosis folloWing medical intervention. 

[0014] In a further aspect, the invention provides methods 
for modulating hemostatic potential in a subject, comprising 
modulating P-selectin activity in the subject. In one embodi 
ment, a modulator (e.g., an inducer or inhibitor) of P-selectin 
activity is administered to a subject to modulate hemostatic 
potential. Amodulator of soluble P-selectin activity may act 
by regulating the level of soluble P-selectin in the plasma of 
the subject. 

[0015] Another aspect of the invention provides a method 
for diagnosing a procoagulant state in a subject, comprising 
determining an increased level of P-selectin activity in a 
biological sample of the subject. In one embodiment, the 
level of soluble P-selectin in a test sample of blood or 
plasma from a subject is compared to the level of soluble 
P-selectin in a control blood or plasma sample from a subject 
With normal hemostatic activity, Wherein an increased level 
of soluble P-selectin in the test sample as compared to the 
control sample is an indication of a procoagulant state in the 
subject. 
[0016] In another aspect, the invention provides a method 
for identifying a subject having a thrombotic disorder, or at 
risk for developing a thrombotic disorder, comprising deter 
mining an increased P-selectin activity in a biological 
sample of the subject. In one embodiment, a sample of blood 
or plasma obtained from a subject is contacted With a 
P-selectin binding substance, and the detection of increased 
levels of soluble P-selectin polypeptide in the sample iden 
ti?es a subject having a thrombotic disorder, or at risk for 
developing a thrombotic disorder. 

[0017] Another aspect of the invention provides a method 
for identifying a compound capable of modulating hemo 
stasis, comprising assaying the ability of the test compound 
to modulate a P-selectin activity. In one embodiment, the 
P-selectin activity is the expression of soluble P-selectin. 

[0018] In a further aspect, the invention provides compo 
sitions for modulating hemostasis comprising at least one 
modulator of P-selectin activity. 

[0019] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a photograph of en face examination of 
the thrombotic deposits in Wild-type mice (WT), P-selectin 
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de?cient mice (PKO), and ACT mice formed after a 2 minute 
non-anticoagulated blood perfusion (blood ?oW, left to 
right). The White arroW indicates platelet rich thrombus; the 
black arroW indicates ?brin tail formed distally to the 
platelet thrombus. 

[0021] FIG. 2 shoWs ?brin formation in a perfusion cham 
ber of non-anticoagulated blood from Wild type mice (WT), 
P-selectin de?cient mice (P-sel —/—), and ACT mice. 

[0022] FIG. 3 shoWs macroscopic and microscopic grad 
ing of hemorrhagic lesions formed in a local ShWartZman 
reaction in Wild type mice (WT) that Were either untreated, 
perfused With human IgG1, or perfused With soluble P-se 
lectin-Ig (s-P-sel), and ACT mice. 

[0023] FIG. 4 shoWs ?brin deposition in a local ShWartZ 
man reaction in Wild type (WT) mice that Were perfused 
With either human IgG1 or soluble P-selectin-Ig (P-sel). 

[0024] FIGS. 5A and B shoW the plasma clotting time of 
Wild type mice (WT), P-selectin de?cient mice (P-sel —/—), 
and ACT mice that Were either untreated or perfused With 
recombinant PSGL-l or recombinant soluble P-selectin. 

[0025] FIG. 6 shoWs the levels of microparticles in the 
circulation of Wild type mice (WT) that Were either 
untreated, perfused With human IgG1, or perfused With 
soluble P-selectin-Ig (s-P-sel), and ACT mice. 

[0026] FIG. 7 shoWs the number of microparticles 
expressing tissue factor in Wild type (WT) and ACT mice. 

[0027] FIG. 8 shoWs the increased generation of proco 
agulant microparticles in the circulation of von Willebrand 
factor de?cient mice (vWF —/—) that Were perfused With 
soluble P-selectin-Ig (sP-sel-Ig). 

[0028] FIG. 9 shoWs the prothrombin clotting time of Wild 
type mice (WT), and von Willebrand factor de?cient mice 
(vWF —/—) that Were either untreated, perfused With human 
IgG1, or perfused With soluble P-selectin-Ig (sPselIg). 

[0029] FIG. 10 shoWs the bleeding time in hemophilia A 
mice treated With either human IgG1 or soluble P-selectin-Ig 
(P-sel-Ig). 
[0030] FIG. 11A shoWs the reduction in the number of 
microparticles after treatment of ACT mice With soluble 
PSGL-Ig as compared to control human Ig (*=p<0.05). 

[0031] FIG. 11B shoWs the increase in clotting time after 
treatment of ACT mice With soluble PSGL-Ig as compared 
to control human Ig (*=p<0.05). 

[0032] FIG. 12A shoWs the generation of procoagulant 
microparticles in human blood after incubation With either 
human IgG or soluble P-selectin-Ig (P-sel-Ig). After 6 hrs. 
incubation With soluble P-selectin-Ig, the numbers of micro 
particles signi?cantly increased by 30% (*=p<0.04). 

[0033] FIG. 12B shoWs the generation of tissue factor 
positive microparticles in human blood after incubation With 
either human IgG or soluble P-selectin-Ig (P-sel-Ig). The 
number of tissue factor positive evens Was signi?cantly 
increased at 6 hours by incubation With P-selectin lg, 30% 
(*=p<0.05). 
[0034] FIG. 13A shoWs the clotting time of human Whole 
blood after incubation With human IgG or soluble P-selectin 
Ig (P-sel-Ig). The clotting time of Whole blood incubated 
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With soluble P-selectin-Ig Was shortened by about 20% after 
2 hours (* =p<0.02) and by 60% after 8 hours of incubation 
(**=p<0.004). 
[0035] FIG. 13B shoWs the clotting time of human plasma 
after incubation With human IgG or soluble P-selectin-Ig 
(P-sel-Ig). The plasma clotting time of the soluble P-selectin 
treated blood Was shortened by 25% after 6 hours of 
incubation and by 40% after 8 hours (**p<0.004). 

[0036] FIG. 14A shoWs activated partial thromboplastin 
time (APTT) in factor VIII —/— mice (hemophilia A mice) 
treated With control Ig or soluble P-selectin-Ig. 

[0037] FIG. 14B shoWs plasma clotting time in factor VIII 
—/— mice (hemophilia A mice) treated With control Ig or 
soluble P-selectin-Ig. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] The present invention provides modulators (e.g., 
inducers, inhibitors) of P-selectin activity as therapeutic and 
diagnostic agents for the regulation of hemostasis. The 
present invention is based on the discovery that soluble 
P-selectin induces a procoagulant state in a mammal, for 
example a mouse or a human, (e.g., by increasing the 
numbers of microparticles containing tissue factor in the 
blood, reducing bleeding time, and/or reducing clotting 
time). 
[0039] As used herein, the term “modulator of P-selectin 
activity” includes a compound or agent that is capable of 
modulating or regulating at least one P-selectin activity, as 
described herein. In a preferred embodiment, a modulator of 
P-selectin activity modulates the expression of soluble P-se 
lectin. A modulator of P-selectin activity can be an inducer 
of P-selectin activity or an inhibitor of P-selectin activity. As 
used herein, an “inducer of P-selectin activity” stimulates, 
enhances, and/or mimics a P-selectin activity. As used 
herein, an “inhibitor of P-selectin activity” reduces, blocks 
or antagoniZes a P-selectin activity. 

[0040] As used interchangeably herein, a “P-selectin 
activity”, “biological activity of P-selectin” or “functional 
activity of P-selectin” refers to an activity exerted by a 
P-selectin polypeptide or nucleic acid molecule on a P-se 
lectin responsive cell (e.g., a hematopoietic cell or lympho 
cyte) or tissue, or on a P-selectin ligand or receptor, as 
determined in vitro and in vivo, according to standard 
techniques. In an exemplary embodiment, a P-selectin activ 
ity is the ability to modulate hemostasis. In one embodiment, 
a P-selectin activity is a procoagulant activity. In another 
embodiment, a P-selectin activity is the ability to increase 
the number of microparticles containing tissue factor. In yet 
another embodiment, a P-selectin activity is the ability to 
bind a P-selectin ligand, e.g., PSGL-l. 

[0041] Accordingly, the invention provides a method for 
regulating hemostasis in a subject, at least in part, by 
increasing or decreasing P-selectin activity in the subject 
(e.g., by increasing or decreasing levels of circulating 
soluble P-selectin). As used interchangeably herein, the 
terms “hemostasis”, “hemostatic activity”, or “hemostatic 
potential” refer to the control of bleeding, including the 
physiological properties of vasoconstriction and coagula 
tion. Blood coagulation assists in maintaining the integrity 
of mammalian circulation after injury, in?ammation, dis 
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ease, congenital defect, dysfunction or other disruption. 
After initiation of clotting, blood coagulation proceeds 
through the sequential activation of certain plasma proen 
Zymes to their enZyme forms (see, for example, Coleman, R. 
W. et al. (eds.) Hemostasis and Thrombosis, Second Edition, 
(1987)). These plasma glycoproteins, including Factor XII, 
Factor XI, Factor IX, Factor X, Factor VII, and prothrombin, 
are Zymogens of serine proteases. Most of these blood 
clotting enZymes are effective on a physiological scale only 
When assembled in complexes on membrane surfaces With 
protein cofactors such as Factor VIII and Factor V. Other 
blood factors modulate and localiZe clot formation, or dis 
solve blood clots. Activated protein C is a speci?c enZyme 
that inactivates procoagulant components. Calcium ions are 
involved in many of the component reactions. Blood coagu 
lation folloWs either the intrinsic pathWay, Where all of the 
protein components are present in blood, or the extrinsic 
pathWay, Where the cell-membrane protein tissue factor 
plays a critical role. Clot formation occurs When ?brinogen 
is cleaved by thrombin to form ?brin. Blood clots are 
composed of activated platelets and ?brin. 

[0042] As used herein, the term “procoagulant state” 
includes physiological conditions that are conducive to 
and/or promote blood clotting, hemostasis, and/or thrombo 
sis. Hemostatic potential, e.g., the potential for blood coagu 
lation under the appropriate physiological conditions, or 
hemostatic activity can be assessed using Well established 
laboratory tests including prothrombin time (PT), activated 
partial thromboplastin time (APTT), bleeding time, and 
thrombin time. As used interchangeably herein, “modulating 
or modulation of hemostasis” and “regulating or regulation 
of hemostasis” includes the induction (e.g., stimulation, 
increase) of hemostasis, as Well as the inhibition (e.g., 
reduction, decrease) of hemostasis. 

[0043] In one aspect of the invention, hemostasis is 
induced in a subject by administering an inducer of P-se 
lectin activity. In an exemplary embodiment, an inducer of 
P-selectin activity increases the plasma level of soluble 
P-selectin polypeptide. In this respect, an inducer of P-se 
lectin activity may act to stimulate the translocation of 
P-selectin from a cellular storage pool to the cell surface, or 
to increase the proteolytic cleavage and release of soluble 
P-selectin from the surface of a cell expressing P-selectin, 
e.g., an endothelial cell or a platelet. In another embodiment, 
an inducer of P-selectin activity increases P-selectin gene 
expression by stimulating either gene transcription or trans 
lation. In a preferred embodiment, an inducer of P-selectin 
activity Will preferentially stimulate the expression of an 
alternatively spliced isoform of the P-selectin gene encoding 
a soluble P-selectin polypeptide lacking the transmembrane 
domain. In yet another embodiment, an inducer of P-selectin 
activity binds to a P-selectin ligand or receptor (e.g., PSGL 
1) and mimics the activity of a P-selectin polypeptide on a 
P-selectin responsive cell. The inducer of P-selectin activity 
can thereby elicit a biological response of P-selectin, e.g., 
the release of microparticles containing tissue factor. 
Accordingly, in one embodiment, an inducer of P-selectin 
activity is an antibody, e.g., an anti-PSGL-l antibody. 

[0044] In another embodiment of the invention, a soluble 
P-selectin polypeptide is administered to a subject to induce 
hemostasis. As used herein, a “soluble P-selectin polypep 
tide” includes a P-selectin polypeptide comprising amino 
acid sequences corresponding to the extracellular domain of 
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a P-selectin protein, or a fragment thereof. The nucleic acid 
and amino acid sequences of P-selectin proteins have been 
described (see, for example, Sanders, W. E. et al. (1992) 
Blood 80:795-800; and GenBank Accession Numbers 
NMi003005 and M25322 (human); GenBank Accession 
Numbers NMi013114 and L23088 (rat); GenBank Acces 
sion Numbers NMi011347 and M87861 (mouse); and 
GenBank Accession Number L12041 (bovine)). In another 
embodiment, a soluble P-selectin polypeptide comprises at 
least a lectin domain, an EGF-like repeat, and at least tWo 
complement-binding domains of a P-selectin protein. In yet 
another embodiment, a soluble P-selectin polypeptide binds 
to a P-selectin ligand, e.g., PSGL-l. In a preferred embodi 
ment, a soluble P-selectin polypeptide of the invention is a 
soluble P-selectin fusion protein. In one embodiment, the 
P-selectin fusion protein is a P-selectin-Ig fusion protein 
comprising a signal sequence, a lectin domain, an EGF-like 
repeat, and at least tWo complement-binding domains of a 
P-selectin protein operatively linked to the Fc region (hinge, 
C1 and C2) of an immunoglobulin, e.g., human IgG1. 

[0045] In a further embodiment of the invention, hemo 
stasis is induced in a subject by administering an isolated 
nucleic acid molecule comprising a nucleotide sequence 
Which encodes a soluble P-selectin polypeptide. In yet 
another embodiment, a recombinant cell expressing a 
soluble P-selectin polypeptide is administered to a subject to 
induce hemostasis. 

[0046] Another embodiment of the invention provides 
methods for inducing hemostasis in a subject presenting 
insuf?cient hemostatic function, such as a subject having, or 
at risk of developing a disorder associated With hypocoagu 
lation. As used herein, the term “hypocoagulation” refers to 
a decreased ability or inability to form blood clots. Such 
disorders include hemorrhagic disorders, e.g., hemophilia 
(e.g., hemophilia A or B), and disorders resulting from a 
de?ciency in clotting factors or platelet ligands, e.g., a 
de?ciency in von Willebrand’s factor resulting in von Will 
ebrand disease. The induction of a procoagulant state Would 
prevent or stop spontaneous bleeding and Would also be 
bene?cial preceding surgical intervention in a patient, or to 
promote Wound healing. 

[0047] The methods of the present invention are also 
useful for the treatment of a vasculature-associated disease. 
As used herein, a “vasculature-associated disease” is a 
disease having a pathology that is dependent on a vascular 
blood supply. Thus, it is contemplated that achieving coagu 
lation in the vasculature of the disease site, e.g., in the 
intratumoral vasculature of a solid tumor, Would prove 
bene?cial. Such vasculature-associated diseases include 
benign and malignant tumors or groWths, such as BPH, 
diabetic retinopathy, vascular restenosis, arteriovenous mal 
formations (AVM), meningioma, hemangioma, neovascular 
glaucoma and psoriasis. Also included Within this group are 
synovitis, dermatitis, endometriosis, angio?broma, rheuma 
toid arthritis, atherosclerotic plaques, corneal graft neovas 
culariZation, hemophilic joints, hypertrophic scars, osler 
Weber syndrome, pyogenic granuloma retrolental 
?broplasia, scleroderma, trachoma, and vascular adhesions. 

[0048] In one embodiment, an inducer of P-selectin activ 
ity, e.g., soluble P-selectin, is administered in addition to 
therapies designed to induce thrombosis of tumor blood 
vessels, in order to potentiate tumor necrosis. Such therapies 
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utiliZe strategies for targeting coagulation factors to the 
tumor vasculature, for example, as described in US. Pat. 
No. 5,877,289. Markers of tumor vasculature or stroma may 
be speci?cally induced and then targeted using a binding 
ligand, such as an antibody. Exemplary inducible antigens 
include E-selectin, P-selectin, MHC Class II antigens, 
VCAM-l, ICAM-l, endoglin, ligands reactive With LAM-1, 
vascular addressins and other adhesion molecules. 

[0049] Moreover, the present invention provides a method 
for reducing hemostasis in a subject by administering an 
inhibitor of P-selectin activity. The inhibition of hemostasis, 
e.g., clot formation, is desirable in situations Where vessel 
patency is of importance. 

[0050] In an exemplary embodiment, an inhibitor of P-se 
lectin activity decreases the level of circulating soluble 
P-selectin in the subject. The inhibitor of P-selectin activity 
may act to decrease the translocation of P-selectin from a 
cellular storage pool to the cell surface, or to decrease the 
proteolytic cleavage and release of soluble P-selectin from 
the surface of a cell expressing P-selectin, e.g., an endothe 
lial cell or a platelet. In another embodiment, an inhibitor of 
P-selectin activity decreases P-selectin gene expression by 
reducing either gene transcription or translation. In a pre 
ferred embodiment, an inhibitor of P-selectin activity Will 
preferentially reduce the expression of an alternatively 
spliced isoform of the P-selectin gene encoding a soluble 
P-selectin polypeptide lacking the transmembrane domain. 
In yet another embodiment, an inhibitor of P-selectin activ 
ity acts as an antagonist, Wherein it binds to a P-selectin 
ligand or receptor (e.g., PSGL-l) and blocks the activity of 
a P-selectin polypeptide on a P-selectin responsive cell. In 
one embodiment of the invention, an inhibitor of P-selectin 
activity is an anti-P-selectin antibody. In another embodi 
ment, an inhibitor of P-selectin activity is a soluble PSGL-l 
polypeptide. PSGL-l nucleic acids, polypeptides, and 
soluble forms thereof are disclosed in US. Pat. No. 5,843, 
707. 

[0051] Alternatively, the invention provides a method for 
reducing hemostasis in a subject by administering an iso 
lated nucleic acid molecule comprising a nucleotide 
sequence Which is antisense, e.g., complementary to, to a 
nucleotide sequence encoding a P-selectin polypeptide. 

[0052] Thus, the methods of the invention are useful for 
the treatment or prevention of thrombotic disorders. As used 
herein, the term “thrombotic disorder” includes any disorder 
or condition characteriZed by excessive or unWanted coagu 
lation or hemostatic activity, or a hypercoagulable state. 
Thrombotic disorders include disorders diseases involving 
platelet adhesion and thrombus formation, and may manifest 
as an increased propensity to form thromboses, e.g., an 
increased number of thromboses, thrombosis at an early age, 
a familial tendency toWards thrombosis, and thrombosis at 
unusual sites. Examples of thrombotic disorders include, but 
are not limited to, thromboembolism, deep vein thrombosis, 
pulmonary embolism, stroke, myocardial infarction, miscar 
riage, thrombophilia associated With anti-thrombin III de? 
ciency, protein C de?ciency, protein S de?ciency, resistance 
to activated protein C, dys?brinogenemia, ?brinolytic dis 
orders, homocystinuria, pregnancy, in?ammatory disorders, 
myeloproliferative disorders, arteriosclerosis, angina, e.g., 
unstable angina, disseminated intravascular coagulation, 
thrombotic thrombocytopenic purpura, cancer metastasis, 
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sickle cell disease, and glomerular nephritis. In addition, 
inhibitors of soluble P-selectin expression or activity are 
administered to prevent thrombotic events or to prevent 
re-occlusion during or after therapeutic clot lysis or proce 
dures such as angioplasty or surgery. 

[0053] Furthermore, measuring the level P-selectin activ 
ity in a biological sample, e.g., in blood, Would provide 
diagnostic information of a procoagulant state, e.g., the 
likelihood of a thrombotic or clotting event. Accordingly, in 
one embodiment, the invention provides a method for diag 
nosing a procoagulant state in a subject by detecting an 
increased level of circulating soluble P-selectin as compared 
With the levels of soluble P-selectin in the blood of indi 
vidual With clinically established normal levels of hemo 
static activity. In another embodiment, the invention pro 
vides a method of identifying a subject having a thrombotic 
disorder, or at risk for developing a thrombotic disorder, by 
detecting the presence of increased levels of P-selectin 
activity (e.g., increased levels of circulating soluble P-se 
lectin). 
[0054] As used herein, a “hemostatic disorder” includes a 
disorder or condition characteriZed by aberrant or unWanted 
hemostatic activity. A hemostatic disorder may result from 
excessive coagulant activity, e.g., a thrombotic disorder, or 
it may result from insuf?cient coagulant activity, e.g., a 
hemorrhagic disorder. 

[0055] Furthermore, another aspect of the invention pro 
vides a method for identifying a compound capable of 
modulating hemostasis by assaying the ability of the com 
pound to modulate a P-selectin activity, e.g., the expression 
of soluble P-selectin. 

[0056] Various aspects of the invention are described in 
further detail in the following subsections. 

[0057] I. Isolated P-selectin Proteins and Anti-P-selectin 
Antibodies 

[0058] The methods of the invention include the use of 
isolated P-selectin polypeptides, and biologically active 
portions thereof. As used herein, a “P-selectin protein” or 
“P-selectin polypeptide” includes a soluble P-selectin 
polypeptide and a soluble P-selectin fusion protein. 

[0059] The genomic organiZation and coding sequence for 
human P-selectin have been determined, and the cDNA has 
been cloned and sequenced (see, for example, GenBank 
Accession Numbers NMi003005 and M25322). In addi 
tion, the sequences encoding rat (GenBank Accession Num 
bers NMi013114 and L23088), mouse (GenBank Acces 
sion Numbers NMi011347 and M87861), and bovine 
(GenBank Accession Number L12041) P-selectin have been 
disclosed. Furthermore, a comparison of the amino acid 
sequences and structural domains of human and mouse 
P-selectin is disclosed in Sanders, WE et al. (1992) Blood 
80:795-800. 

[0060] Isolated soluble P-selectin proteins for use in the 
methods of the present invention preferably have an amino 
acid sequence that is suf?ciently identical to the amino acid 
sequence of a native P-selectin protein. As used herein, the 
term “suf?ciently identical” refers to an amino acid (or 
nucleotide) sequence Which contains a suf?cient or mini 
mum number of identical or equivalent (e.g., an amino acid 
residue that has a similar side chain) amino acid residues (or 
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nucleotides) to a P-selectin amino acid (or nucleotide) 
sequence such that the polypeptide shares common struc 
tural domains or motifs, and/or a common functional activ 
ity With a native P-selectin protein. For example, amino acid 
or nucleotide sequences Which share common structural 
domains have at least 30%, 40%, or 50% identity, preferably 
60% identity, more preferably 70%-80%, and even more 
preferably 90-95% identity across the amino acid sequences 
of the domains and contain at least one, and more preferably 
tWo or more structural domains or motifs, are de?ned herein 
as suf?ciently identical. For example, a soluble P-selectin 
polypeptide may comprise at least one or more of the 
folloWing domains: a signal peptide, a lectin domain, an 
EGF-like repeat, a complement binding domain, and a 
cytoplasmic domain. Furthermore, amino acid or nucleotide 
sequences Which share at least 30%, 40%, or 50%, prefer 
ably 60%, more preferably 70-80%, or 90-95% identity and 
share a common functional activity (e.g., a soluble P-selec 
tin activity as described herein) are de?ned herein as suf? 
ciently identical. A P-selectin polypeptide may differ in 
amino acid sequence from the P-selectin polypeptides dis 
closed herein due to natural allelic variation or mutagenesis. 
Accordingly, isolated soluble P-selectin polypeptides having 
a P-selectin activity can be used in the methods of the 
invention. 

[0061] To determine the percent identity of tWo amino 
acid sequences or of tWo nucleic acid sequences, the 
sequences are aligned for optimal comparison purposes 
(e.g., gaps can be introduced in one or both of a ?rst and a 
second amino acid or nucleic acid sequence for optimal 
alignment and non-identical sequences can be disregarded 
for comparison purposes). In a preferred embodiment, the 
length of a reference sequence aligned for comparison 
purposes is at least 30%, preferably at least 40%, more 
preferably at least 50%, even more preferably at least 60%, 
and even more preferably at least 70%, 80%, or 90% of the 
length of the reference sequence. The amino acid residues or 
nucleotides at corresponding amino acid positions or nucle 
otide positions are then compared. When a position in the 
?rst sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second 
sequence, then the molecules are identical at that position (as 
used herein amino acid or nucleic acid “identity” is equiva 
lent to amino acid or nucleic acid “homology”). The percent 
identity betWeen the tWo sequences is a function of the 
number of identical positions shared by the sequences, 
taking into account the number of gaps, and the length of 
each gap, Which need to be introduced for optimal alignment 
of the tWo sequences. 

[0062] The comparison of sequences and determination of 
percent identity betWeen tWo sequences can be accom 
plished using a mathematical algorithm. In a preferred 
embodiment, the percent identity betWeen tWo amino acid 
sequences is determined using the Needleman and Wunsch 
(J. M01. Biol. (48):444-453 (1970)) algorithm Which has 
been incorporated into the GAP program in the GCG soft 
Ware package (available at http://WWW.gcg.com), using 
either a Blossom 62 matrix or a PAM250 matrix, and a gap 
Weight of 16, 14, 12, 10, 8, 6, or 4 and a length Weight of 1, 
2, 3, 4, 5, or 6. In yet another preferred embodiment, the 
percent identity betWeen tWo nucleotide sequences is deter 
mined using the GAP program in the GCG softWare package 
(available at http://WWW.gcg.com), using a NWSgapd 
na.CMP matrix and a gap Weight of 40, 50, 60, 70, or 80 and 
















































