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Abstract
This invention relates to methods and compositions for modulating endothelial cell 

survival, endothelial cell migration, and angiogenesis. In particular the invention relates to 

GSK3 molecules, agents that modify the kinase activity of these molecules, and use of the

5 foregoing in modulating the foregoing activities.
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GLYCOGEN SYNTHASE KINASE FUNCTION IN ENDOTHELIAL CELLS

Related Applications
This application claims priority under 35 U.S.C. § 119 to U.S. provisional application 

5 serial number 60/350,160, filed October 29, 2001 and to U.S. provisional application serial

number 60/337,905, filed November 13, 2001.

Government Support
This work was supported by National Institutes of Health grants AR40197, HL50692,

10 AG15052 and AG17241. The government may have rights to the inventions disclosed

herein.• · · ·• · ·
. .. Field of the Invention• · ·• · · ·
....... : This invention relates to methods and compositions for modulating endothelial cell• ·
•’’U; survival, endothelial cell migration, and angiogenesis. In particular the invention relates to

• · ·
15 GSK3 molecules, agents that modify the kinase activity of these molecules, and use of the 

foregoing in modulating the foregoing activities.
• · ·• · ·

• · · ·• ·• · · ·
Background of the Invention

:*.··. Glycogen synthase kinase-3 (GSK3) is a highly conserved and ubiquitously expressed

20 serine/threonine kinase that phosphorylates proteins containing clustered serine or threonine
• · ·

’·*··’ residues that are separated by 4 amino acids (1-4). GSK3a and GSK3p are encoded by• · ·• · ·
’ “ different genes, and they are 85% homologous in their amino acid sequence. Both isoforms

have similar substrate specificity and are regulated in parallel in response to growth factors 

(1, 5, 6). Disruption of the GSK3B gene in mice results in embryonic lethality, indicating that

25 GSK3a cannot completely substitute for a loss of GSK3P (7). Although GSK3 was

originally identified as a kinase that phosphorylates glycogen synthase (8), subsequent studies 

have demonstrated that it has broader range of substrates including β-catenin (9), tau (10), 

myelin basic protein (11), cyclin Dl (12), GATA4 (13), c-jun (14), c-myc (15), CREB (16), 

initiation factor eIF2B (17), heat shock factor-1 (18), and p53 (19). Through the

30 phosphorylation of this diverse set of substrates, GSK3 regulates embryonic development and 

proliferative responses in adult tissues, and is implicated in several human disease states 

including tumorigenesis, Alzheimer’s disease, and diabetes (20).
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GSK3 signaling reportedly is inactivated in cells that are stimulated by mitogens. 

Growth factor-induced inactivation involves phosphorylation of N-terminal serine residue 

(Ser 21 for GSK3a and Ser 9 for GSK3P). This phosphorylation can be mediated by several 

upstream protein kinases including p90RSK, p70S6K, integrin-linked kinase, Akt, and protein 

kinase A (PKA) (5, 6, 21-24). GSK3 is also regulated by Wnt signaling during embryonic 

development, leading to the specification of cell fate (2, 25). Mitogenic and Wnt signaling 

differentially regulate GSK, and this can elicit distinct downstream responses (1, 20, 26).

Relatively little is known about the role of GSK3 signaling in the cardiovascular 

system. Recently, two studies have reported that GSK3p signaling inhibits cardiac myocyte 

hypertrophy, an effect that may be mediated through its regulation of NF AT or GATA4 

transcription factors (13, 27). It has also been reported that GSK33 promotes apoptosis in 

cultured vascular smooth muscle cells (28).

Summary of the Invention

The invention is based, in part, on the discovery of a function for GSK3 in endothelial 

cells (EC) and the discovery of the role played by GSK3 in blood vessel formation. In view 

of these discoveries, methods and compositions for modulating angiogenesis by modulating 

GSK3 are provided. The methods involve administering to a subject a GSK3 molecule or an 

agent which modulates the activity of a GSK3 molecule. The methods and compositions are 

administered in accordance with standard procedures such as those described in clinical 

textbooks.

According to one aspect of the invention, a method for inhibiting angiogenesis is 

provided. The method involves administering to a subject in need of such treatment an 

angiogenesis inhibitor in an amount effective to inhibit angiogenesis in the subject. The 

angiogenesis inhibitor can be an “active GSK3 molecule” or a “GSK3 kinase activator”.

As used herein, an “active GSK3 molecule” refers to a GSK3 molecule that has a 

protein kinase activity, i.e., the GSK3 molecule has an enzymatic activity that permits it to 

phosphorylate a protein substrate. Preferably, the GSK3 molecule is a GSK3 nucleic acid 

molecule having SEQ ID NOS: 1, 9, 11, or 13 (GSK3 nucleic acid sequences) or a GSK3 

polypeptide having SEQ ID NOS: 2, 3, 4, 5, 6, 7, 8,10, 12, or 14 (GSK3 polypeptide 

sequences). The corresponding GenBank Accession Nos. and a brief description of these 

sequences is provided below in Table 1. Thus, a GSK3 molecule as used herein, may be an 

active GSK3 nucleic acid molecule (i.e., a nucleic acid that encodes an active GSK3
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polypeptide) or the encoded active GSK3 polypeptide molecule. Additionally, the active 

GSK3 molecule may be a nucleic acid or encoded polypeptide that is constitutively active, 

i.e., the sequence of the GSK3 nucleic acid molecule or of the GSK3 polypeptide molecule 

has been altered to prevent phosphorylation of the GSK3 polypeptide molecule (e.g., by an

5 Akt molecule). Although not wishing to be bound to any particular theory or mechanism, it

is believed that the naturally occurring active GSK3 molecule is not phosphorylated and that 

phosphorylation of GSK3 (e.g., by an Akt molecule) inhibits GSK3 kinase activity. Akt

molecules are described in U.S. Serial No. 09/408,905, entitled: AKT COMPOSITIONS

FOR ENHANCING SURVIVAL OF CELLS, filed September 29,1999, the entire contents

10

• · · ·

of which are incorporated herein by reference. As noted in the cited application, Akt 

molecules include wild-type Akt molecules and constitutively-active Akt molecules.
• · ·• · ·
• · ·• · ·• · · ·

•
• ·
• · · ·• · ·• · ·

Alternatively, the angiogenesis inhibitor may be a “GSK3 kinase activator”. As used

herein, a “GSK3 kinase activator” refers to a molecule that is capable of mediating a

transition from an inactive GSK3 molecule (e.g., a GSK3 molecule that has been
• · ·

·. ·.: l5 phosphorylated by an Akt molecule) into an active GSK3 molecule having a protein kinase

• · ·• · ·• · ·
• · · ·• ·• · · ·

activity. GSK3 kinase activators can be identified in screening assays which identify agents

which mediate the transition from an inactive to an active GSK3 molecule (e.g., by observing

an inhibition of an endothelial cell activity (survival, migration, angiogenesis) in the presence
• · · ·• · ·• · of the putative GSK3 kinase activator).

20
• · ·• · ·• · ·
• · ·• · ·• · ·

Subjects in need of inhibition of angiogenesis include subjects diagnosed as having a

condition associated with undesirable endothelial cell proliferation (e.g., a cancer involving

endothelial cells), or a predisposition to any of the foregoing conditions. The subject may or

may not have a condition calling for treatment with an Akt inhibitor or an agent that

downregulates expression of an AkT molecule in the subject. In some embodiments, the

25 subject does not have a condition calling for treatment with an angiogenesis inhibitor of the

invention (i.e., an active GSK3 molecule and/or GSK3 kinase activator have not been

prescribed or administered to the subject for treatment or as part of a clinical trial).

In some embodiments, the angiogenesis inhibitor is administered acutely to prevent

future or further angiogenesis (e.g., to prevent further angiogenesis associated with a solid

30 tumor). In preferred embodiments, acute administration of the angiogenesis inhibitor is to

and/or in the area adjacent a solid tumor.

According to yet another aspect of the invention, a method for enhancing angiogenesis

is provided. The method involves administering to a subject in need of such treatment an

“angiogenesis promoter” in an amount effective to enhance angiogenesis in the subject. The
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angiogenesis promoter is an “inactive GSK3 molecule” or a “GSK3 kinase inhibitor”.

As used herein, an “inactive GSK3 molecule” refers to a GSK molecule which has 

reduced or no kinase activity compared to a wild-type GSK3 molecule (e.g., compared to a 

wild-type human GSK3 molecule such as SEQ ID NO:1 or 2). Inactive GSK3 molecules 

include nucleic acid molecules and polypeptide molecules. In certain embodiments, the 

inactivated GSK3 molecules are GSK3 polypeptides that have been phosphorylated (e.g., by 

an Akt molecule).

As used herein, a GSK3 kinase inhibitor refers to a molecule which is capable of 

mediating a transition from an active GSK3 molecule which has a kinase activity to an 

inactive GSK3 molecule having no or reduced protein kinase activity. GSK3 kinase 

inhibitors can be identified in screening assays which identify agents which mediate the 

transition from an active to an inactive GSK3 molecule (e.g., by observing an enhancement 

of an endothelial cell activity such as survival, migration, or angiogenesis in the presence of 

the putative GSK3 kinase inhibitor). In certain embodiments, GSK3 kinase inhibitors 

exclude one or more known protein kinases (e.g., Akt) which phosphorylate and, thereby, 

enhance GSK3 kinase activity.

Subjects in need of enhancing angiogenesis include subjects with myocardial 

infarction, ischemia-reperfusion injury, dilated cardiomyopathy, and conductive system 

disorders. Preferably, a growth factor may be co-administered. In preferred embodiments, 

Insulin-like Growth Factor-1 (IGF-1) is the growth factor preferably utilized. In some 

embodiments, the angiogenesis promoter is administered acutely to prevent future or further 

tissue damage (e.g., cardiac tissue necrosis). In preferred embodiments, acute administration 

of the angiogenesis promoter is to the apical and anterolateral free wall of the heart. In these 

and or other embodiments, the subject may or may not have a condition calling for treatment 

with an AkT molecule or molecule that upregulates expression of an AkT molecule in the 

subject. In some embodiments, the subject does not have a condition calling for treatment 

with an angiogenesis promoter of the invention (i.e., an inactive GSK3 molecule and/or a 

GSK3 kinase inhibitor have not been prescribed or administered to the subject for treatment 

or as part of a clinical trial).

In some embodiments, the invention involves co-administration of at least one anti­

atherosclerotic agent used in the treatment of an atherosclerotic condition, with at least one 

angiogenesis promoter. In preferred embodiments, the anti-atherosclerotic agent is selected 

from the group consisting of a HMG-CoA reductase inhibitor, a diuretic, an antiadrenergic 

agent, a vasodilator, a calcium channel antagonist, an angiotensin-converting enzyme (ACE)

30
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inhibitor, an angiotensin II antagonist, and a clot dissolver together with an angiogenesis 

promoter to treat myocardial infarction and inhibit endothelial cell death (particularly, 

vascular endothelial cell death) in the subject.

According to another aspect of the invention, a method for inhibiting an endothelial 

cell activity is provided. The method involves contacting an endothelial cell with an 

angiogenesis inhibitor under conditions and in an amount that permit the angiogenesis 

inhibitor to enter the endothelial cell and inhibit an endothelial cell activity. Exemplary 

endothelial cell activities include endothelial cell survival, endothelial cell migration, and 

angiogenesis. The contacting of the endothelial cell with the angiogenesis inhibitor can be 

performed in vitro or in vivo. The angiogenesis inhibitor is as defined above and includes 

active GSK3 molecules (e.g., an active GSK3 nucleic acid molecule, an active GSK3 

polypeptide molecule), as well as GSK3 kinase activators.

According to yet another aspect of the invention, a method for enhancing an 

endothelial cell activity is provided. The method involves contacting an endothelial cell with 

an angiogenesis promoter under conditions and in an amount that permit the angiogenesis 

promoter to enter the endothelial cell and enhance an endothelial cell activity (e.g., 

endothelial cell survival, endothelial cell migration, angiogenesis). The angiogenesis 

promoter is as defined above and includes inactive GSK3 molecules (e.g., an inactive GSK3 

nucleic acid molecule, an inactive GSK3 polypeptide molecule), as well as GSK3 kinase 

inhibitors. The method may be performed in vitro or in vivo.

According to a further aspect of the invention, a method for inhibiting apoptotic 

cell-death of an endothelial cell (e.g., vascular endothelial cell) is provided. The method 

involves contacting an angiogenesis promoter with an endothelial cell under conditions to 

permit entry of the angiogenesis promoter into the endothelial cell, wherein the angiogenesis 

promoter is present in an amount effective to inhibit apoptotic cell-death of the endothelial 

cell. The angiogenesis promoter is as defined above and includes inactive GSK3 molecules 

(e.g., an inactive GSK3 nucleic acid molecule, an inactive GSK3 polypeptide molecule), as 

well as GSK3 kinase inhibitors. The method may be performed in vitro or in vivo. In some 

embodiments, the endothelial cell is part of a tissue or an organ to be transplanted. In these 

and/or other embodiments, contacting of an angiogenesis promoter with an endothelial cell 

may involve acute administration of the angiogenesis promoter. In some embodiments, 

contacting of an angiogenesis promoter with an endothelial cell involves prophylactic 

administration of the angiogenesis promoter to a subject. Optionally, a growth factor (e.g., 

Vascular Endothelial Growth Factor (VEGF)) is co-administered to the subject.

30
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According to two other aspects of the invention, a composition including an isolated 

active GSK3 nucleic acid molecule or a composition including an isolated inactive GSK3 

nucleic acid molecule is provided. The isolated GSK3 nucleic acid molecule or the isolated 

inactive GSK3 molecule is operably linked to a gene expression sequence which permits 

expression of the active GSK3 nucleic acid molecule or of the inactive GSK3 nucleic acid 

molecule in an endothelial cell (e.g., vascular endothelial cell). Preferably, the nucleic acid 

is contained in an appropriate expression vector (e.g., adenoviral vector, modified adenoviral 

vector, retroviral vector, plasmid, liposome) to more efficiently genetically modify the 

targeted cell and achieve expression of active GSK3 molecule or inactive GSK3 molecule in 

the targeted cell. In preferred embodiments, the vector is an adenoviral vector.

According to yet another aspect of the invention, a method of screening for a GSK3 

kinase modulator (activator or inhibitor) that modulates (enhances or inhibits) an endothelial 

cell activity is provided. The method involves: (a) contacting a test molecule with an 

endothelial cell under conditions to permit-entry of the test molecule into the cell; and (b) 

determining whether the test molecule modulates an endothelial cell activity (e.g., survival, 

migration, angiogenesis). An increase in an endothelial cell activity in the presence of the 

test molecule indicates that the test molecule is a GSK3 kinase inhibitor; a decrease in an 

endothelial cell activity in the presence of the test molecule indicates that the test molecule is 

a GSK3 kinase activator. Test molecules may be members of a library of molecules such as a 

phage display library or a chemical combinatorial library. The screening method may be 

performed in vitro or in vivo (e.g., an animal model).

In yet another aspect of the invention, a method for treating a condition associated 

with increased apoptotic cell-death of vascular endothelial cells is provided. The method 

involves administering to a subject in need of such treatment an angiogenesis promoter in an 

amount effective to inhibit increased apoptotic cell-death of vascular endothelial cells. Most 

preferably, constitutively-inactive GSK3 molecules are utilized. In certain embodiments, the 

condition is characterized by lesions of a blood vessel wall. In preferred embodiments, 

lesions of a blood vessel wall (also known as endothelial cell dysfunction) are associated with 

hyperlipidemic subjects. In other preferred embodiments, the angiogenesis promoter is 

administered acutely to prevent future or further tissue damage (e.g., endothelial cell 

dysfunction).

According to a further aspect of the invention, a pharmaceutical composition that 

includes any of the foregoing isolated human GSK3 molecules, or agents which modulate the 

activity of these GSK3 molecules, in a pharmaceutically effective amount to modulate an

30
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endothelial cell activity, and a pharmaceutically acceptable carrier, is also provided. Methods 

for preparing such pharmaceutical compositions are also provided. Preferred GSK3 nucleic 

acid molecules including vectors, as well as additional agents that can be included in the 

pharmaceutical compositions are as described above.

5 These and other aspects of the invention, as well as various advantages and utilities,

will be more apparent with reference to the detailed description of the preferred 

embodiments.
Table 1. Description of the Sequences

SEQ ID NO: DESCRIPTION

1 Human GSK3p cDNA (U.S. 6,248,559 SEQ ID NO:1 nucleic acid

sequence. GenBank Accession No. AR097210)

2 Human GSK3P polypeptide (U.S. 6,248,559 SEQ ID NO:1 amino acid

sequence. GenBank Accession No. AR097210)

3 , Human GSK3a polypeptide (GenBank Accession No.XP_029918)

4 Human GSK3 a polypeptide (GenBank Accession No.NP_063937)

5 Human GSK3 a polypeptide (GenBank Accession No.P49840)

6 Human GSK3p polypeptide (GenBank Accession No.P49841)

7 Human GSK33 polypeptide (GenBank Accession No.S53324)

8 Human GSK3P polypeptide (GenBank Accession No.NP_002084)

9 Human GSK3a cDNA (GenBank Accession No.XM_029918)

10 Human GSK3a polypeptide (GenBank Accession No.XM_029918)

11 Human GSK3a cDNA (GenBank Accession No.NM_019884)

12 Human GSK3a polypeptide (GenBank Accession No.NM_019884)

13 Human GSK33 mRNA (GenBank Accession No.NM_002093)

14 Human GSK33 polypeptide (GenBank Accession No.NM_002093)

Detailed Description of the Invention

The invention is based, in part, on the discovery of a function for GSK3 in endothelial 

cells (EC) and the discovery of the role played by GSK3 in blood vessel formation. In view 

of these discoveries, methods and compositions for modulating angiogenesis by modulating

15 GSK3 are provided. The methods involve administering to a subject an agent which
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modulates GSK3 kinase activity. The methods and compositions are administered in 

accordance with standard procedures such as those described in clinical textbooks. 

Additionally, methods for using these molecules in vivo or in vitro for the purpose of 

inhibiting apoptotic cell-death and methods for treating conditions associated with such cell- 

death are also provided.

The human and GSK3 gene has been isolated and sequenced. See, the Table 1 

presented above for the Genbank Accession Nos. for the human GSK3 nucleic acid and 

predicted amino acid sequences.

The term "glycogen synthase kinase 3" or "GSK3" as used herein refers to GSK3a or 

GSK3p. GSK3 is a protein originally identified by its phosphorylation of glycogen synthase 

as described in Woodgett et al, Trends Biochem Sci, 16: 177-181 (1991). Synonyms of GSK3 

are tau protein kinase I (TPK I), FA kinase and kinase FA. Mammalian forms of GSK3 have 

been cloned as described in Woodgett, EMBO J. 9(8): 2431-2438 (1990), and He et al,

Nature 374: 617-22 (1995) and Stambolic and Woodgett, Biochem. J. 303: 701-704 (1994). 

Modulators of GSK3 (GSK3 kinase inhibitors, GSK3 activators) can be modulators of any of 

the known forms of GSK3, including either GSK3a or GSK3p or both. GSK3 polypeptide as 

used herein includes the native protein and also can further include truncations, variants, 

alleles, analogs and derivatives of a native GSK3 protein. Such polypeptides possess one or 

more of the bioactivities of the GSK3 protein, including kinase activities such as 

polymerizing tau protein, or phosphorylating glycogen synthase, for example.

A “GSK3 nucleic acid”, as used herein, refers to a nucleic acid molecule which: (1) 

hybridizes under stringent conditions to a nucleic acid having the sequence of SEQ ID NOS:

1, 9, 11 or 13 and (2) codes for a GSK3 polypeptide. The preferred GSK3 nucleic acid 

hydridizes under stringent conditions to the nucleic acid having the sequence of SEQ ID 

NO:1. In its active form, the GSK3 polypeptide inhibits an endothelial cell activity (e.g., 

endothelial cell survival, endothelial cell migration, angiogenesis), and in particular, inhibits 

apoptotic cell-death of vascular endothelial cells. In its inactive form, the GSK3 polypeptide 

enhances an endothelial cell activity. The preferred GSK3 nucleic acid has the nucleic acid 

sequence of SEQ ID NO:1, 9, 11, or 13. The GSK3 nucleic acids of the invention also 

include homologs and alleles of a nucleic acid having the sequence of SEQ ID NOs. 1, 9,11, 

or 13, as well as functionally equivalent fragments, variants, and analogs of the foregoing 

nucleic acids. “Functionally equivalent”, in reference to a GSK3 nucleic acid fragment, 

variant, or analog, refers to a nucleic acid that codes for a GSK3 polypeptide that, in its active

30
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form inhibits an endothelial cell activity and that in its inactive form, enhances an endothelial 

cell activity. Preferably the active GSK3 polypeptide maintains a serine-threonine protein 

kinase activity. More specifically, “functionally equivalent” in reference to an active GSK3 

polypeptide refers to a GSK3 polypeptide that has a serine-threonine protein kinase activity 

and is capable of inhibiting an endothelial cell activity. Conversely, “functionally 

equivalent” in reference to an inactive GSK3 polypeptide refers to a GSK3 polypeptide that 

does has no or reduced serine-threonine protein kinase activity and is capable of enhancing an 

endothelial cell activity.

According to one aspect of the invention, a method for inhibiting angiogenesis is 

provided. The method involves administering to a subject in need of such treatment an 

angiogenesis inhibitor in an amount effective to inhibit angiogenesis in the subject. The 

angiogenesis inhibitor can be an “active GSK3 molecule” or a “GSK3 kinase activator”.

As used herein, an “active GSK3 molecule” refers to a GSK3 molecule that has a 

protein kinase activity, i.e., the GSK3 molecule has an enzymatic activity that permits it to 

phosphorylate a protein substrate. Preferably, the GSK3 molecule is a GSK3 nucleic acid 

molecule having SEQ ID NOS: 1, 9,11, or 13, or is a GSK3 polypeptide molecule having 

SEQ ID NOS: 2, 3, 4, 5, 6, 7, 8, 10, 12, or 14. Thus, the GSK3 molecule as used herein, may 

be an active GSK3 nucleic acid molecule (i.e., a nucleic acid that encodes an active GSK3 

polypeptide) or the encoded active GSK3 polypeptide molecule. Additionally, the active 

GSK3 molecule may be a nucleic acid or encoded polypeptide that is constitutively active, 

i.e., the sequence of the GSK3 nucleic acid molecule or of the GSK3 polypeptide molecule 

has been altered to prevent phosphorylation of the GSK3 polypeptide molecule (e.g., by an 

Akt molecule). (See, e.g., the Examples for an exemplary constitutively active GSK3 

molecule.) Although not wishing to be bound to any particular theory or mechanism, it is 

believed that the naturally occurring active GSK3 molecule is not phosphorylated and that 

phosphorylation of GSK3 (e.g., by an upstream protein kinase such as an Akt molecule) 

inhibits GSK3 kinase activity. Akt molecules are described in U.S. Serial No. 09/408,905, 

entitled: AKT COMPOSITIONS FOR ENHANCING SURVIVAL OF CELLS, filed 

September 29, 1999, the entire contents of which are incorporated herein by reference. As 

noted in the cited application, Akt molecules include include wild-type Akt molecules and 

constitutively-active Akt molecules.

Alternatively, the angiogenesis inhibitor may be a “GSK3 kinase activator”. As used 

herein, a “GSK3 kinase activator” refers to a molecule that is capable of mediating a 

transition from an inactive GSK3 molecule (e.g., a GSK3 molecule that has been

30
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phosphorylated by an Akt molecule) to an active GSK3 molecule having a protein kinase 

activity. GSK3 kinase activators can be identified in screening assays which identify agents 

which mediate the transition from an inactive to an active GSK3 molecule (e.g., by observing 

an inhibition of an endothelial cell activity such as survival, migration, angiogenesis in the 

presence of the putative GSK3 kinase activator). Screening methods and libraries containing 

candidate GSK3 kinase activators or inhibitors are described in detail below.

Subjects in need of inhibiting angiogenesis include subjects diagnosed as having a 

condition associated with undesirable endothelial cell proliferation (e.g., a cancer associated 

with excessive endothelial cell proliferation), or a predisposition to any of the foregoing 

conditions. The subject may or may not have a condition calling for treatment with an Akt 

inhibitor or an agent that downregulates expression of an AkT molecule in the subject.

In some embodiments, the angiogenesis inhibitor is administered acutely to prevent future or 

further angiogenesis (e.g., to prevent further angiogenesis associated with a solid tumor). In 

preferred embodiments, acute administration of the angiogenesis inhibitor is to and/or in the 

area adjacent a solid tumor.

According to yet another aspect of the invention, a method for enhancing angiogenesis 

is provided. The method involves administering to a subject in need of such treatment an 

“angiogenesis promoter” in an amount effective to enhance angiogenesis in the subject. The 

angiogenesis promoter is an “inactive GSK3 molecule” or a “GSK3 kinase inhibitor”.

As used herein, an “inactive GSK3 molecule” refers to a GSK molecule which has 

reduced or no kinase activity compared to a wild-type GSK3 molecule (e.g., compared to a 

wild-type human GSK3 molecule such as SEQ ID NO:1 or 2). Inactive GSK3 molecules 

include nucleic acid molecules and polypeptide molecules. In certain embodiments, the 

inactivated GSK3 molecules are GSK3 polypeptides that have been phosphorylated (e.g., by 

an Akt molecule).

As used herein, a GSK3 kinase inhibitor refers to a molecule which is capable of 

mediating a transition from an active GSK3 molecule which has a kinase activity to an 

inactive GSK3 molecule having no or reduced protein kinase activity. GSK3 kinase 

inhibitors can be identified in screening assays which identify agents which mediate the 

transition from an active to an inactive GSK3 molecule (e.g., by observing an enhancement 

of an endothelial cell activity such as survival, migration, or angiogenesis in the presence of 

the putative GSK3 kinase inhibitor). In certain embodiments, GSK3 kinase inhibitors 

exclude one or more known protein kinases (e.g., Akt) which phosphorylate and, thereby, 

enhance GSK3 kinase activity.

30



-11-

Subjects in need of enhancing angiogenesis include subjects with myocardial 

infarction, ischemia-reperfusion injury, dilated cardiomyopathy, and conductive system 

disorders. Preferably, a growth factor may be co-administered. In preferred embodiments, 

Insulin-like Growth Factor-1 (IGF-1) is the growth factor preferably utilized. In some

5 embodiments, the angiogenesis promoter is administered acutely to prevent future or further 

tissue damage (e.g., cardiac tissue necrosis). In preferred embodiments, acute administration 

of the angiogenesis promoter is to the apical and anterolateral free wall of the heart. In these 

and or other embodiments, the subject may or may not have a condition calling for treatment 

with an AkT molecule or molecule that upregulates expression of an AkT molecule in the

to subject. In some embodiments, the subject does not have a condition calling for treatment 

with an angiogenesis promoter of the invention (i.e., an inactive GSK3 molecule and/or 

GSK3 kinase inhibitor have not been prescribed or administered to the subject for treatment

• Ϊ..* or as part of a clinical trial).

• · In some embodiments, the invention involves co-administration of at least one anti-• · · ·• ·
*’ ’ 15 atherosclerotic agent used in the treatment of an atherosclerotic condition, with at least one• ·• · ·

angiogenesis promoter. In preferred embodiments, the anti-atherosclerotic agent is selected 

··. J from the group consisting of a HMG-CoA reductase inhibitor, a diuretic, an antiadrenergic

....· agent, a vasodilator, a calcium channel antagonist, an angiotensin-converting enzyme (ACE)

inhibitor, an angiotensin II antagonist, and a clot dissolver together with an angiogenesis
• ·

* 20 promoter to treat myocardial infarction and inhibit endothelial cell death (particularly,

vascular endothelial cell death) in the subject.
• · ·
··. : The method of treatment according to this aspect of the invention is useful for treating

myocardial infarction in a subject. “Myocardial infarction” is a focus of necrosis resulting 

from inadequate perfusion of the cardiac tissue. Myocardial infarction generally occurs with

25 the abrupt decrease in coronary blood flow that follows an occlusion (e.g. thrombotic

occlusion) of a coronary artery previously narrowed by atherosclerosis. Generally, infarction 

occurs when an atherosclerotic plaque fissures, ruptures, or ulcerates, and a mural thrombus 

forms leading to coronary artery occlusion.

The diagnosis of myocardial infarction in a subject determines the need for treating

30 the subject according to the methods of the invention. A number of laboratory tests, well 

known in the art, are described, for example, in Harrison’s: Principles of Internal Medicine 

(McGraw Hill, Inc., New York). Generally, the tests may be divided into four main 

categories: (1) nonspecific indexes of tissue necrosis and inflammation, (2)

electrocardiograms, (3) serum enzyme changes (e.g., creatine phosphokinase levels), and (4)

Λ
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cardiac imaging. A person of ordinary skill in the art could easily apply any of the foregoing 

tests to determine when a subject is at risk, is suffering, or has suffered a myocardial 

infarction. A positively identified subject would thus benefit from a method of treatment of 

the invention.

5 According to the invention, the method involves administering to a subject having a

myocardial infarction an angiogenesis promoter selected from the group consisting of: (1) 

and inactive GSK3 molecule, and (2) a GSK3 kinase inhibitor, in an amount effective to 

inhibit cardiac tissue necrosis in the subject. By “having a myocardial infarction” it is meant 

that the subject is at risk of developing, is currently having, or has suffered a myocardial

10 infarction. It is believed that immediate administration of an angiogenesis promoter (e.g.,

inactive GSK3 molecule) would greatly benefit the subject by inhibiting apoptotic cell-death

**·’: of endothelial cells prior to, or following the infarct. By “immediate” it is meant that
• ·

administration occurs before (if it is diagnosed in time), or within 48 hours of the myocardial
• · · · ·

infarct, although administration up to 14 days after the episode may also be beneficial to the
• ·

** I 15 subject.• ·• · ·
In one embodiment, when angiogenesis promoters such as inactive GSK3 molecules 

j are used in the treatment of diseases associated with endothelial cell apoptotic cell-death

....* (e.g., myocardial infarction, ischemia-reperfusion injury, dilated cardiomyopathy, conductive

system disorders and the like), a growth factor is preferably co-administered. In preferred• · ·• ·
20 embodiments, Insulin-like Growth Factor-1 (IGF-1) is the growth factor of choice. Most

.,.., preferably, constitutively-inactive GSK3 molecules are utilized in the treatment of diseases
• · ·
··. : associated with endothelial cell apoptotic cell- death, since their use negates the co­

administration of a growth factor. In other words, no growth factor co-administration is 

necessary when the constitutively inactive form of GSK3 (e.g., a form which cannot be

25 phosphorylated by Akt) is utilized.

The co-administered growth factor can act cooperatively, additively or synergistically 

with a wild-type GSK3 molecule of the invention to inhibit apoptotic cell-death of 

endothelial cells, conferring to them enhanced survival. The growth factor is administered in 

effective amounts. Such amounts maybe less than these sufficient to provide a therapeutic

30 benefit when the growth factor is administered alone and not in combination with an

angiogenesis promoter such as an inactive GSK3 molecule. A person of ordinary skill in the 

art would be able to determine the effective amounts needed (see description below).

Preferred methods of administration for the GSK3 molecules of the invention 

(including inactive GSK3 molecules, active GSK3 molecules, GSK3 kinase activators, and
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GSK3 kinase inhibitors) in the treatment of the conditions identified herein include 

intraarterial administration. Intraarterial administration may be accompanied with a 

permeabilizing agent (e.g., nitric oxide), allowing easier access of the GSK3 molecules of the 

invention (and modulators of these molecules) into a preselected target location (e.g., the 

myocardium) via the circulation.

The angiogenesis promoters of the invention are particularly useful for inhibiting 

apoptotic cell-death of vascular endothelial cells. The method involves administering to the 

subject an isolated inactive GSK3 molecule and/or a GSK3 kinase inhibitor in an amount and 

in a manner effective to inhibit apoptotic cell-death of a vascular endothelial cell. Exemplary 

conditions that are caused by increased apoptotic cell-death of a vascular endothelial cell are 

known to those of ordinary skill in the art and include, but are not limited to, vessel wall 

disease, and vascular endothelial cell dysfunction associated with hyperlipidemic subjects.

A “hyperlipidemic” subject is both a hypercholesterolemic and a hypertriglyceridemic 

subject. The current criteria established for human subjects are well known in the art (See, 

e.g., Harrison’s Principles of Experimental Medicine, 13th Edition, McGraw-Hill, Inc.,

N.Y.). Hypercholesterolemic subjects and hypertriglyceridemic subjects are associated with 

increased incidence of premature coronary heart disease including vascular endothelial cell 

dysfunction. A hypercholesterolemic subject has an LDL level of >160 mg/dL, or 

>130 mg/dL and at least two risk factors selected from the group consisting of male gender, 

family history of premature coronary heart disease, cigarette smoking (more than 10 

cigarettes per day), hypertension, low HDL (<35 mg/dL), diabetes mellitus,

hyperinsulinemia, abdominal obesity, high lipoprotein (a), and personal history of

cerebrovascular disease or occlusive peripheral vascular disease. A hypertriglyceridemic 

subject has a triglyceride (TG) level of >250 mg/dL. Thus, a hyperlipidemic subject is 

defined as one whose cholesterol and triglyceride levels equal or exceed the limits set as 

described above for both the hypercholesterolemic and hypertriglyceridemic subjects.

Preferred methods of administration for the angiogenesis promoters of the invention 

into subjects with apoptotic cell-death of vascular endothelial cells include intraarterial 

administration with clamping or locally via a balloon catheter (see later discusssion). For 

example, in the case of intraarterial administration with clamping, the vessel wall in need of 

such treatment is “isolated” by clamping of the vessel on either side of the “injury” site, 

resulting in the temporary occlusion of the region to be treated, and allowing local delivery of 

the angiogenesis promoters (e.g., by injection). In the case of intraarterial administration via 

a balloon catheter, the catheter is of the “soft-hydrogel surface” type.

30
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The term “to permit entry” of an angiogenesis promoter or of an angiogenesis 

inhibitor of the invention into a cell according to the invention has the following meanings 

depending upon the nature of the angiogenesis promoter or angiogenesis inhibitor. For a 

GSK3 nucleic acid it is meant to describe entry of the nucleic acid through the cell 

membrane and into the cell nucleus, where upon the “GSK3 transgene” can utilize the cell 

machinery to produce functional GSK3 polypeptides. By “GSK3 transgene” it is meant to 

describe all of the GSK3 nucleic acids of the invention, including the “wild-type GSK3”and 

the constitutively active GSK3 nucleic acids with or without the associated vectors. For a 

GSK3 polypeptide, it is meant to describe entry of the polypeptide through the cell membrane 

and into the cell cytoplasm, and utilization of the cell cytoplasmic machinery to produce a 

functional GSK3 polypeptide (e.g., an active GSK3 polypeptide that inhibits an endothelial 

cell function such as survival, migration, angiogenesis; an inactive GSK3 polypeptide that 

enhances any of the foregoing endothelial cell functions, and/or that inhibits apoptotic cell- 

death of endothelial cells, and in particular, inhibits apoptotic cell-death of vascular 

endothelial cells. Preferably the active GSK3 polypeptide maintains a serine-threonine 

protein kinase activity.

The angiogenesis inhibitors and angiogenesis promoters of the invention are 

administered in effective amounts. An effective amount is a dosage of the such molecules 

(e.g., a GSK3 nucleic acid) sufficient to provide a medically desirable result. The effective 

amount will vary with the nature of the drug, the particular condition being treated, the age 

and physical condition of the subject being treated, the severity of the condition, the duration 

of the treatment, the nature of the concurrent therapy (if any), the specific route of 

administration and like factors within the knowledge and expertise of the health practitioner. 

For example, in connection with endothelial cell apoptotic cell-death during myocardial 

infarction, an effective amount is that amount which slows or inhibits the endothelial 

apoptotic cell-death associated with myocardial infarction. Thus, it will be understood that 

the angiogenesis inhibitors and angiogenesis promoters of the invention can be used to treat 

the above-noted conditions prophylactically in subjects at risk of developing the foregoing 

conditions. By “acutely” it is meant that the angiogenesis inhibitors and angiogenesis 

promoters of the invention are administered immediately and according to the preferred 

modes of administration of the particular disorder being treated. For example, in connection 

with endothelial apoptotic cell-death during myocardial infarction, the angiogenesis 

promoters will be administered to a subject in need of such treatment preferably by intra­

coronary (and including cross-clamping of the aorta) or intra-myocardial injection (see e.g.,

30



-15-

5

• · · ·· ·

> « «···

• ··

10

15

25

«· · 
» · ·*. ··

• · c

Hayar BJ, et a\., Proc Natl Acad Sci USA, 1998,95:5251-6). As used in the claims,

“inhibit” embraces preventing and/or reducing in all of the foregoing. It is preferred 

generally that a maximum dose be used, that is, the highest safe dose according to sound 

medical judgment.

A subject, as used herein, refers to any mammal (preferably a human, and including a 

non-human primate, cow, horse, pig, sheep, goat, dog, cat or rodent) that may be susceptible 

to a condition associated with apoptotic cell-death of a cell (such as the conditions described 

above). Preferably the mammal is otherwise free of symptoms calling for Akt treatment 

and/or calling for treatment with an angiogenesis modulator of the invention. Reported 

conditions that have symptoms calling for treatment with a GSK3 molecule may also include 

conditions associated with apoptotic cell-death of other cell types which express GSK3 

polypeptides.

The invention also contemplates methods for inhibiting apoptotic cell-death in 

endothelial cells, particularly vascular endothelial cells. The method involves contacting an 

angiogenesis promoter (e.g., an inactive GSK3 molecule) with an endothelial cell under 

conditions to permit entry of the angiogenesis promoter into the cell type of choice, in an 

amount effective to inhibit apoptotic cell-death of the endothelial cell. In certain 

embodiments, the contacting of an angiogenesis promoter with an endothelial cell can 

comprise either acute or prophylactic administration of the angiogenesis promoter. Such 

acute and/or prophylactic administration of the angiogenesis promoter is particularly 

contemplated when the cell type of choice is part of a tissue or an organ scheduled to be 

transplanted or implanted. Administration of the angiogenesis promoters of the invention 

allows for longer term survival of the cells of the transplanted (implanted) tissue and/or organ 

under the adverse conditions the tissue and/or organ is subjected to during such procedure, 

i.e., ischemia, lower temperature, reperfusion, etc, therefore improving the tissue/organ’s 

viability and/or acceptance by the recipient organism.

The same methods and modes of administration for the angiogenesis promoters of the 

invention can be used for the angiogenesis inhibitors of the invention, the difference being in 

the selection of subjects having a condition that can be treated by administration of these 

different molecules. For ease of discussion, angiogenesis promoters and angiogenesis 

inhibitors are collectively referred to herein as “angiogenesis modulators”. In general, 

angiogenesis promoters (inactive GSK3 molecules and GSK3 kinase inhibitors) are useful for 

treating conditions in which an enhanced endothelial cell activity (e.g., cell survival, 

migration, angiogenesis) is desirable. Conversely, angiogenesis inhibitors (active GSK3

30
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molecules and GSK3 kinase activators) are useful for treating conditions in which inhibition 

of an endothelial cell activity is desirable. Despite these divergent applications, the same 

methods and modes of administration are useful for each of the foregoing categories of 

molecules.

When used therapeutically, the isolated angiogenic modulators of the invention are 

administered in therapeutically effective amounts. In general, a therapeutically effective 

amount means that amount necessary to delay the onset of, inhibit the progression of, or halt 

altogether the particular condition being treated. Generally, a therapeutically effective 

amount will vary with the subject’s age, condition, and sex, as well as the nature and extent 

of the disease in the subject, all of which can be determined by one of ordinary skill in the art. 

The dosage may be adjusted by the individual physician or veterinarian, particularly in the 

event of any complication. A therapeutically effective amount typically varies from 0.01 

mg/kg to about 1000 mg/kg, preferably from about 0.1 mg/kg to about 200 mg/kg, and most 

preferably from about 0.2 mg//kg to about 20 mg/kg, in one or more dose administrations 

daily, for one or more days.

The therapeutically effective amount of the isolated angiogenesis inhibitor is that 

amount effective to inhibit an endothelial cell activity and, in particular, in a vascular 

endothelial cell, and can be determined using, for example, standard tests known in the art. 

The therapeutically effective amount of the isolated angiogenesis promoter is that amount 

effective to enhance an endothelial cell activity and, in particular, in a vascular endothelial 

cell, and also can be determined using, for example, standard tests known in the art. For 

example, TUNEL staining, and the appearance of condensed chromatin and other 

morphological features characteristic of apoptosis in electron micrographs can be used to 

assess apoptosis in the cells of the invention and other cell types.

Optionally, in the preferred embodiment of the invention for treating myocardial 

infarction, an isolated angiogenesis promoter of the invention is administered to a subject in 

need of such treatment in combination with a method for treating an arteriosclerotic 

condition. An arteriosclerotic condition, as used herein, is a term of art that refers to classical 

atherosclerosis, accelerated atherosclerosis, atherosclerotic lesions and other physiological 

conditions characterized by undesirable vascular smooth muscle cell proliferation. See, e.g., 

Harrisons, Principles of Internal Medicine (McGraw Hill, Inc., New York) for a more 

detailed description of these conditions. The method for treating an arteriosclerotic condition 

may be a surgical method, an agent for treating restenosis, a method involving a drug therapy 

(e.g., gene therapy) or a combination of the foregoing.

30
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Surgical methods for treating an arteriosclerotic condition include procedures such as 

bypass surgery, atherectomy, laser procedures, ultrasonic procedures, and balloon 

angioplasty. The angiogenesis promoters of the invention can be used to promote wound 

healing by inhibiting restenosis associated with balloon angioplasty. In a preferred

5 embodiment of the invention, the isolated angiogenesis promoter is administered to a subject 

in combination with a balloon angioplasty procedure. Alternatively or additionally, the 

angiogenesis promoter is administered systemically to a subject undergoing, about to 

undergo, or following balloon angioplasty. A balloon angioplasty procedure involves 

inserting a catheter having a deflated balloon into an artery. The deflated balloon is

10 positioned in proximity to the atherosclerotic plaque and is inflated such that the plaque is

·*’·’; compressed against the vascular wall. As a result, the balloon surface is in contact layer of
• · ·
*·ί··* vascular endothelial cells on the surface of the vessel. The isolated angiogenesis promoter

molecule is attached to the balloon angioplasty catheter in a manner which permits release of
• · ·
’* I the isolated angiogenesis promoter molecule at the site of the atherosclerotic plaque. The
• · ·

15 isolated angiogenesis promoter molecule may be attached to the balloon angioplasty catheter 

·**·.· in accordance with standard procedures known in the art. For example, the isolated

*....· agiogenesis promoter molecule may be stored in a compartment of the balloon angioplasty

catheter until the balloon is inflated, at which point it is released into the local environment.• · · ·• · ·
* * Alteratively, the isolated angiogenesis promoter molecule may be impregnated on the

. .. 20 balloon surface, such that it contacts the cells of the arterial wall as the balloon is inflated.• · ·• · ·
.··. : The angiogenesis promoter molecule also may be delivered in a perforated balloon catheter• · ·

such as those disclosed in Flugelman, et al., Circulation, v. 85, p. 1110-1117 (1992). See, 

also, e.g., published PCT Patent Application WO 95/23161, for an exemplary procedure for 

attaching a therapeutic protein to a balloon angioplasty catheter. This procedure can be

25 modified using no more that routine experimentation to attach a therapeutic nucleic acid or 

polypeptide to the balloon angioplasty catheter.

Additionally, the angiogenesis promoter molecule may be co-administered with an 

anti-atherosclerotic agent for treating or preventing clinically significant atherosclerosis. The 

term “co-administered,” means administered substantially simultaneously with another agent.

30 By substantially simultaneously, it is meant that an angiogenesis promoter of the invention 

(e.g., an inactive GSK3 molecule) is administered to the subject close enough in time with the 

administration of the other agent (e.g., an anti-atherosclerotic agent, growth factor, etc.).

Preferred anti-atherosclerotic agents used in combination with the angiogenesis 

promoters of the invention, include but are not limited to, the following drugs: HMG-CoA
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reductase inhibitors, diuretics, antiadrenergic agents, vasodilators, calcium channel 

antagonists, angiotensin-converting enzyme (ACE) inhibitors, angiotensin II antagonists, and 

clot dissolvers.

“HMG-CoA reductase (3-hydroxy-3-methylglutaryl-coenzyme A)” is the microsomal

5 enzyme that catalyzes the rate limiting reaction in cholesterol biosynthesis

(HMG-CoA6Mevalonate). An “HMG-CoA reductase inhibitor” inhibits HMG-CoA 

reductase, and therefore inhibits the synthesis of cholesterol. There is a large number of 

compounds described in the art that have been obtained naturally or synthetically, which have 

been seen to inhibit HMG-CoA reductase, and which form the category of agents useful for

10 practicing the present invention. Traditionally these agents have been used to treat

•’"’j individuals with hypercholesterolemia. Examples include some which are commercially
• · ·
’·ί·.· available, such as simvastatin (U.S. Patent No. 4, 444,784), lovastatin (U.S. Patent No.

4,231,938), pravastatin sodium (U.S. Patent No. 4,346,227), fluvastatin (U.S. Patent No.
• · ·

* 4,739,073), atorvastatin (U.S. Patent No. 5,273,995), cerivastatin, and numerous others

15 described in U.S. Patent No. 5,622,985, U.S. Patent No. 5,135,935, U.S. Patent No.

• /.J 5,356,896, U.S. Patent No. 4,920,109, U.S. Patent No. 5,286,895, U.S. Patent No. 5,262,435,

·....· U.S. Patent No. 5,260,332, U.S. Patent No. 5,317,031, U.S. Patent No. 5,283,256, U.S. Patent

No. 5,256,689, U.S. Patent No. 5,182,298, U.S. Patent No. 5,369,125, U.S. Patent No.• · · ·
: : 5,302,604, U.S. Patent No. 5,166,171, U.S. Patent No. 5,202,327, U.S. Patent No. 5,276,021,

...... 20 U.S. Patent No. 5,196,440, U.S. Patent No. 5,091,386, U.S. Patent No. 5,091,378, U.S. Patent

.-. : No. 4,904,646, U.S. Patent No. 5,385,932, U.S. Patent No. 5,250,435, U.S. Patent No.• · ·
5,132,312, U.S. Patent No. 5,130,306, U.S. Patent No. 5,116,870, U.S. Patent No. 5,112,857, 

U.S. Patent No. 5,102,911, U.S. Patent No. 5,098,931, U.S. Patent No. 5,081,136, U.S. Patent 

No. 5,025,000, U.S. Patent No. 5,021,453, U.S. Patent No. 5,017,716, U.S. Patent No.

25 5,001,144, U.S. Patent No. 5,001,128, U.S. Patent No. 4,997,837, U.S. Patent No. 4,996,234,

U.S. Patent No. 4,994,494, U.S..Patent No. 4,992,429, U.S. Patent No. 4,970,231, U.S. Patent 

No. 4,968,693, U.S. Patent No. 4,963,538, U.S. Patent No. 4,957,940, U.S. Patent No. 

4,950,675, U.S. Patent No. 4,946,864, U.S. Patent No. 4,946,860, U.S. Patent No. 4,940,800, 

U.S. Patent No. 4,940,727, U.S. Patent No. 4,939,143, U.S. Patent No. 4,929,620, U.S. Patent

30 No. 4,923,861, U.S. Patent No. 4,906,657, U.S. Patent No. 4,906,624 and U.S. Patent No. 

4,897,402, the disclosures of which patents are incorporated herein by reference.

Diuretics include thiazides, e.g., hydrochlorothiazide; loop acting diuretics, e.g., 

furosemide; potassium-sparing, e.g., spironolactone, triamterene, and amiloride.
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Antiadrenergic agents include clonidine; guanabenz; guanfacine; methyldopa; 

trimethapajn; Rauwolfia alkaloids, e.g., reserpine; guanethidine; guanadrel; phentolamine; 

phenoxybenzamine; prazosin; terazosin; propranolol; metoprolol; nadolol; atenolol; timolol; 

timdolol; acebutolol; and labetalol.

5 Vasodilators include hydralazine; minoxidil; diazoxide; and nitroprusside. ·

Calcium channel antagonists include nisadipine; diltiazen; and verapamil.

Angiotensin II antagonists are compounds which interfere with the activity of 

angiotensin II by binding to angiotensin II receptors and interfering with its activity. 

Angiotensin II antagonists are well known and include peptide compounds and non-peptide

10 compounds. Most angiotensin II antagonists are slightly modified congeners in which

agonist activity is attenuated by replacement of phenylalanine in position 8 with some other
• · ·
’····* amino acid; stability can be enhanced by other replacements that slow degeneration in vivo.

Examples of angiotensin II antagonists include: peptidic compounds (e.g., saralasin,
• · ·
,.., . [(San')(Val5)(Ala8)] angiotensin -(1-8) octapeptide and related analogs); N-substituted

• · ·
15 imidazole-2-one (US Patent Number 5,087,634); imidazole acetate derivatives including 2-N- 

·’’·.· butyl-4-chloro-l-(2-chlorobenzile) imidazole-5-acetic acid (see Long et al., J. Pharmacol.

*....* Exp. Ther. 247(1), 1-7 (1988)); 4, 5, 6, 7-tetrahydro-lH-imidazo [4, 5-c] pyridine-6-

carboxylic acid and analog derivatives (US Patent Number 4,816,463); N2-tetrazole beta-
• · ·
* * glucuronide analogs (US Patent Number 5,085,992); substituted pyrroles, pyrazoles, and

,.,.., 20 tryazoles (US Patent Number 5,081,127); phenol and heterocyclic derivatives such as 1, 3-
• · ·

.··.,: imidazoles (US Patent Number 5,073,566); imidazo-fused 7-member ring heterocycles (US

Patent Number 5,064,825); peptides (e.g., US Patent Number 4,772,684); antibodies to 

angiotensin II (e.g., US Patent Number 4,302,386); and aralkyl imidazole compounds such as 

biphenyl-methyl substituted imidazoles (e.g., EP Number 253,310, January 20,1988);

25 ES8891 (N-morpholinoacetyl-(-l-naphthyl)-L-alanyl-(4, thiazolyl)-L-alanyl (35, 45)-4-

amino-3-hydroxy-5-cyclo-hexapentanoyl-N-hexylamide, Sankyo Company, Ltd., Tokyo, 

Japan); SKF108566 (E-alpha-2-[2-butyl-l-(carboxy phenyl) methyl] lH-imidazole-5- 

yl[methylane]-2-thiophenepropanoic acid, Smith Kline Beecham Pharmaceuticals, PA); 

Losartan (DUP753/MK954, DuPont Merck Pharmaceutical Company); Remikirin (RO42-

30 5892, F. Hoffman LaRoche AG); A? agonists (Marion Merrill Dow) and certain non-peptide

heterocycles (G.D.Searle and Company).

ACE, is an enzyme which catalyzes the conversion of angiotensin I to angiotensin II. 

ACE inhibitors include amino acids and derivatives thereof, peptides, including di- and tri­

peptides and antibodies to ACE which intervene in the renin-angiotensin system by inhibiting
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the activity of ACE, thereby reducing or eliminating the formation of pressor substance

angiotensin II. ACE inhibitors have been used medically to treat hypertension, congestive

heart failure, myocardial infarction and renal disease. Classes of compounds known to be

useful as ACE inhibitors include acylmercapto and mercaptoalkanoyl prolines such as

5 captopril (U.S. Patent Number 4,105,776) and zofenopril (U.S. Patent Number 4,316,906),

carboxyalkyl dipeptides such as enalapril (U.S. Patent Number 4,374,829), lisinopril (U.S.

Patent Number 4,374,829), quinapril (U.S. Patent Number 4,344,949), ramipril (U.S. Patent

Number 4,587,258), and perindopril (U.S. Patent Number 4,508,729), carboxyalkyl dipeptide

mimics such as cilazapril (U.S. Patent Number 4,512,924) and benazapril (U.S. Patent

10
• · · ·• · ·• · ·

• · ·• · ·• · · ·
•

• ·
• · · ·

Number 4,410,520), phosphinylalkanoyl prolines such as fo.sinopril (U.S. Patent Number

4,337,201) and trandolopril.

Renin inhibitors are compounds which interfere with the activity of renin. Renin

inhibitors include amino acids and derivatives thereof, peptides and derivatives thereof, and
• · ·
• · ·• · ·• · ·

15
• · ·• · ·• · ·
• · « ·• ·• · · ·

antibodies to renin. Examples of renin inhibitors that are the subject of United States patents

are as follows: urea derivatives of peptides (U.S. Patent Number 5,116,835); amino acids

connected by nonpeptide bonds (U.S. Patent Number 5,114,937); di- and tri- peptide

derivatives (U.S. Patent Number 5,106,835); amino acids and derivatives thereof (U.S. Patent

• · · ·• · ·• ·
Numbers 5,104,869 and 5,095,119); diol sulfonamides and sulfinyls (U.S. Patent Number

5,098,924); modified peptides (U.S. Patent Number 5,095,006); peptidyl beta-aminoacyl

. .. 20 • · ·• · ·
• · ·• · ·• · ·

aminodiol carbamates (U.S. Patent Number 5,089,471); pyrolimidazolones (U.S. Patent

Number 5,075,451); fluorine and chlorine statine or statone containing peptides (U.S. Patent

Number 5,066,643); peptidyl amino diols (U.S. Patent Numbers 5,063,208 and 4,845,079);

N-morpholino derivatives (U.S. Patent Number 5,055,466); pepstatin derivatives (U.S. Patent

Number 4,980,283); N-heterocyclic alcohols (U.S. Patent Number 4,885,292); monoclonal

25 antibodies to renin (U.S. Patent Number 4,780,401); and a variety of other peptides and

analogs thereof (U.S. Patent Numbers 5,071,837, 5,064,965, 5,063,207, 5,036,054,
5,036,053, 5,034,512, and 4,894,437). '

Drugs which are clot dissolvers include thrombolytic agents which have been used in

the treatment of acute venous thromboembolism and pulmonary emboli and are well known

30 in the art (e.g. see Hennekens et al,7Am Coll Cardiol; v. 25 (7 supp), p. 18S-22S (1995);

Holmes, et al, J Am Coll Cardiol; v.25 (7 suppl), p. 10S-17S(1995)). Thrombolytic agents

include, for example, direct acting agents such as streptokinase and urokinase, and second

generation agents such as tissue plasminogen activator (tPA).
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Drugs which help contribute to the reduction of the plaque include cytostatic 

molecules and antisense agents to cell cycle regulatory molecules.

Certain cytokines function to strengthen the vascular wall by promoting endothelial 

cell proliferation. Cytokines which promote endothelial cell proliferation include, but are not

5 limited, to the following: vascular endothelial growth factor (VEGF), basic fibroblast growth 

factor (bFGF), and acidic fibroblast growth factor (aFGF). Substances that stimulate the 

proliferation or migration of normal endothelial cells include factors which are associated 

with the vascularization of tumors and substances which inhibit angiogenesis. Such 

substances include transforming growth factor beta (ΤΰΡβ), tumor necrosis factor alpha

10 (TNFa), human platelet factor 4 (PF4), and alpha interferon (alNF); factors which suppress
• · · ·

ί cell migration, such as proteinase inhibitors, tissue inhibitors of metalloproteinase (TIMP-1• · ·
···· and TIMP-2); and other proteins such as protamine which has demonstrated angiostatic

properties.• · ·• · ·
.··. ; The above-described drug therapies are well known to those of ordinary skill in the art

• · ·
15 and are administered by modes known to those of skill in the art. The drug therapies are

·**·.· administered in amounts which are effective to achieve the physiological goals in
• · · ·

’····* combination with the isolated angiogenesis promoters of the invention.

.. .. An angiogenesis promoter may be administered alone or in combination with the
• · ·• ·

above-described drug therapies as part of a pharmaceutical composition. Such a

.·.··. 20 pharmaceutical composition may include the isolated angiogenesis promoter in combination• · ·
·*’·.· with any standard physiologically and/or pharmaceutically acceptable carriers which are

known in the art. The compositions should be sterile and contain a therapeutically effective 

amount of the isolated angiogenesis promoter in a unit of weight or volume suitable for 

administration to a patient. The term “pharmaceutically-acceptable carrier” as used herein

25 means one or more compatible solid or liquid filler, diluents or encapsulating substances 

which are suitable for administration into a human or other animal. The term “carrier” 

denotes an organic or inorganic ingredient, natural or synthetic, with which the active 

ingredient is combined to facilitate the application. The components of the pharmaceutical 

compositions also are capable of being co-mingled with the molecules of the present

30 invention, and with each other, in a manner such that there is no interaction which would

substantially impair the desired pharmaceutical efficacy. Pharmaceutically acceptable further 

means a non-toxic material that is compatible with a biological system such as a cell, cell 

culture, tissue, or organism. The characteristics of the carrier will depend on the route of
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administration. Physiologically and pharmaceutically acceptable carriers include diluents, 

fillers, salts, buffers, stabilizers, solubilizers, and other materials which are well known in the 

art.
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Although the invention is described above in reference to administering the 

angiogenesis promoters of the invention, it is to be understood that the angiogenesis 

inhibitors of the invention can be formulated and administered in a like manner as described 

herein in reference to the angiogenesis promoters.

Compositions suitable for parenteral administration conveniently comprise a sterile 

aqueous preparation of the angiogenesis promoters or angiogenesis inhibitors of the 

invention, which is preferably isotonic with the blood of the recipient. This aqueous 

preparation may be formulated according to known methods using suitable dispersing or 

wetting agents and suspending agents. The sterile injectable preparation also may be a sterile 

injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, for 

example, as a solution in 1,3-butane diol. Among the acceptable vehicles and solvents that 

may be employed are water, Ringer’s solution, and isotonic sodium chloride solution. In 

addition, sterile, fixed oils are conventionally employed as a solvent or suspending medium. 

For this purpose, any bland fixed oil may be employed including synthetic mono- or di­

glycerides. In addition, fatty acids such as oleic acid may be used in the preparation of 

injectables. Carrier formulations suitable for oral, subcutaneous, intravenous, intramuscular, 

etc. administrations can be found in Remington’s Pharmaceutical Sciences, Mack Publishing 

Co., Easton, PA.

A variety of administration routes are available. The particular mode selected will 

depend, of course, upon the particular drug selected, the severity of the condition being 

treated, and the dosage required for therapeutic efficacy. The methods of the invention, 

generally speaking, may be practiced using any mode of administration that is medically 

acceptable, meaning any mode that produces effective levels of the active compounds 

without causing clinically unacceptable adverse effects. Such modes of administration 

include oral, rectal, topical, nasal, interdermal, or parenteral routes. The term “parenteral” 

includes subcutaneous, intravenous, intramuscular, or infusion. Intravenous or intramuscular 

routes are not particularly suitable for long-term therapy and prophylaxis. They could, 

however, be preferred in emergency situations. Intramyocardial administration is preferred in 

patients suffering form myocardial infaction. Oral administration will be preferred for 

prophylactic treatment because of the convenience to the patient as well as the dosing 

schedule.
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The pharmaceutical compositions may conveniently be presented in unit dosage form 

and may be prepared by any of the methods well-known in the art of pharmacy. All methods 

include the step of bringing the angiogenesis promoters or angiogenesis inhibitors of the 

invention into association with a carrier which constitutes one or more accessory ingredients. 

In general, the compositions are prepared by uniformly and intimately bringing the 

angiogenesis promoters or angiogenesis inhibitors into association with a liquid carrier, a 

finely divided solid carrier, or both, and then, if necessary, shaping the product.

Compositions suitable for oral administration may be presented as discrete units, such 

as capsules, tablets, lozenges, each containing a predetermined amount of the angiogenesis 

promoters or angiogenesis inhibitors. Other compositions include suspensions in aqueous 

liquids or non-aqueous liquids such as a syrup, elixir or an emulsion.

Other delivery systems can include time-release, delayed release or sustained release 

delivery systems. Such systems can avoid repeated administrations of the angiogenesis 

promoters or angiogenesis inhibitors described above, increasing convenience to the subject 

and the physician. Many types of release delivery systems are available and known to those 

of ordinary skill in the art. They include the above-described polymeric systems, as well as 

polymer base systems such as poly(lactide-glycolide), copolyoxalates, polycaprolactones, 

polyesteramides, polyorthoesters, polyhydroxybutyric acid, and polyanhydrides. 

Microcapsules of the foregoing polymers containing drugs are described in, for example, U.S. 

Patent 5,075,109. Delivery systems also include non-polymer systems that are: lipids 

including sterols such as cholesterol, cholesterol esters and fatty acids or neutral fats such as 

mono- di- and tri-glycerides; hydrogel release systems; sylastic systems; peptide based 

systems; wax coatings; compressed tablets using conventional binders and excipients; 

partially fused implants; and the like. Specific examples include, but are not limited to: (a) 

erosional systems in which the angiogenesis promoter or angiogenesis inhibitor is contained 

in a form within a matrix such as those described in U.S. Patent Nos. 4,452,775, 4,675,189, 

and 5,736,152, and (b) diffusional systems in which an active component permeates at a 

controlled rate from a polymer such as described in U.S. Patent Nos. 3,854,480, 5,133,974 

and 5,407,686. In addition, pump-based hardware delivery systems can be used, some of 

which are adapted for implantation.

Use of a long-term sustained release implant may be particularly suitable for 

treatment of chronic conditions. Long-term release, are used herein, means that the implant 

is constructed and arranged to delivery therapeutic levels of the active ingredient for at least
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30 days, and preferably 60 days. Long-term sustained release implants are well-known to 

those of ordinary skill in the art and include some of the release systems described above.

The isolated angiogenesis modulators of the invention may be administered alone or 

in combination with the above-described drug therapies by any conventional route, including 

injection or by gradual infusion over time. The administration may, for example, be oral, 

intravenous, intraperitoneal, intramuscular, intra-cavity, subcutaneous, or transdermal. When 

using the isolated angiogenesis promoters of the invention, direct administration to the site 

with the increased apoptotic cell-death of an endothelial cell (e.g., a vascular endothelial 

cell) such as administration by injection, is preferred (see also earlier description).

Preparations for parenteral administration include sterile aqueous or non-aqueous 

solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene 

glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such 

as ethyl oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or 

suspensions, including saline and buffered media. Parenteral vehicles include sodium 

chloride solution, Ringer’s dextrose, dextrose and sodium chloride, lactated Ringer’s or fixed 

oils. Intravenous vehicles include fluid and nutrient replenishers, electrolyte replenishers 

(such as those based on Ringer’s dextrose), and the like. Preservatives and other additives 

may also be present such as, for example, antimicrobials, anti-oxidants, chelating agents, and 

inert gases and the like.

In general, the GSK3 nucleic acids of the invention (active or inactive forms) can be 

administered to the subject (any mammalian recipient) using the same modes of 

administration that currently are used for gene therapy in humans (e.g., adenovirus-mediated 

gene therapy). Preferably, the GSK3 nucleic acid (contained in, or associated with, an 

appropriate vector) is administered to the mammalian recipient by intra-vascular or intra­

muscular injection. A procedure for performing in vivo gene therapy for delivering a nucleic 

acid for performing ex vivo gene therapy is outlined in U.S. Patent 5,399,346 and in exhibits 

submitted in the file history of that patent, all of which are publicly available documents. In 

general, ex vivo gene therapy involves introduction in vitro of a functional copy of a gene or 

fragment thereof into a cell(s) of a subject and returning the genetically engineered cell(s) to 

the subject. The functional copy of the gene or fragment thereof is under operable control of 

regulatory elements which permit expression of the gene in the genetically engineered cell(s). 

Accordingly, the GSK3 nucleic acids of the invention can be delivered to the cells of the 

invention, ex vivo or in vivo, e.g., by administering an inactive GSK3 nucleic acid to treat 

excessive apoptotic cell-death. Numerous transfection and transduction techniques as well as
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appropriate expression vectors are well known to those of ordinary skill in the art, some of 

which are described in PCT application W095/00654.

As an illustrative example, a vector containing an inactive GSK3 nucleic acid is 

delivered to a site of increased apoptotic cell-death in a subject who is a candidate for such

5 gene therapy. Then, the vector genetically modifies the cell in vivo with DNA (RNA)

encoding an inactive GSK3 polypeptide of the invention. Such genetically modified cells are 

expected to undergo apoptotic cell-death at a reduced rate and their survival in vivo is 

enhanced.

In related aspects of the invention, a composition including an isolated active GSK3

10 nucleic acid molecule or a composition including an isolated inactive GSK3 nucleic acid 

molecule is provided. The isolated GSK3 nucleic acid molecule or the isolated inactive 

GSK3 molecule is operably linked to a gene expression sequence which permits expression 

of the active GSK3 nucleic acid molecule or of the inactive GSK3 nucleic acid molecule in 

an endothelial cell (e.g., vascular endothelial cell). Preferably, the nucleic acid is contained

15 in an appropriate expression vector (e.g., adenoviral vector, modified adenoviral vector,

retroviral vector, plasmid, liposome) to more efficiently genetically modify the targeted cell 

and achieve expression of active GSK3 molecule or inactive GSK3 molecule in the targeted 

cell. In preferred embodiments, the vector is an adenoviral vector.

The term “isolated”, as used herein in reference to a nucleic acid molecule, means a

20 nucleic acid sequence: (i) amplified in vitro by, for example, polymerase chain reaction

(PCR); (ii) synthesized by, for example, chemical synthesis; (iii) recombinantly produced by 

cloning; or (iv) purified, as by cleavage and gel separation. The term “isolated”, as used 

herein in reference to a polypeptide (protein), means a polypeptide encoded by an isolated 

nucleic acid sequence, as well as polypeptides synthesized by, for example, chemical

25 synthetic methods, and polypeptides separated from biological materials, and then purified 

using conventional protein analytical procedures.

In one embodiment, the GSK3 nucleic acid has the nucleotide sequence of SEQ. ID 

NO: 1 (“GSK3 wild-type nucleic acid”), the nucleotide sequence encoding a “wild-type 

GSK3 polypeptide”, i.e., the complete coding sequence of the gene encoding a human GSK3

30 polypeptide.

In the preferred embodiments of the methods, the GSK3 nucleic acid is selected from 

the group consisting of a wild-type GSK3 nucleic acid (e.g., SEQ ID NOS. 1, 9, 11, or 13), 

and a GSK3 nucleic acid which has been modified to encode a GSK3 polypeptide that is 

constitutively active (see, e.g., the Examples). Constitutively active GSK3 molecules have an
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altered sequence which does not permit the GSK3 polypeptide to be phosphorylated by an 

Akt molecule or other upstream protein kinase that phosphorylates GSK3 and, thereby 

inhibits its kinase activity.

The GSK3 nucleic acid is operatively coupled to a promoter that can express GSK3 in 

a targeted cell (e.g., an endothelial cell such as a vascular endothelial cell). Preferably, the 

nucleic acid is contained in an appropriate expression vector (e.g., adenoviral vector, 

modified adenoviral vector, retroviral vector, plasmid, liposome) to more efficiently 

genetically modify the targeted cell and achieve expression of multiple copies of the GSK3 

polypeptide.

The GSK3 nucleic acid, in one embodiment, is operably linked to a gene expression 

sequence which directs the expression of the GSK3 nucleic acid within an endothelial cell. 

The “gene expression sequence” is any regulatory nucleotide sequence, such as a promoter 

sequence or promoter-enhancer combination, which facilitates the efficient transcription and 

translation of the GSK3 nucleic acid to which it is operably linked. The gene expression 

sequence may, for example, be a mammalian or viral promoter, such as a constitutive or 

inducible promoter. Constitutive mammalian promoters include, but are not limited to, the 

promoters for the following genes: hypoxanthine phosphoribosyl transferase (HPTR), 

adenosine deaminase, pyruvate kinase, α-actin promoter and other constitutive promoters. 

Exemplary viral promoters which function constitutively in eukaryotic cells include, for 

example, promoters from the simian virus, papilloma virus, adenovirus, human 

immunodeficiency virus (HIV), Rous sarcoma virus, cytomegalovirus, the long terminal 

repeats (LTR) of moloney leukemia virus and other retroviruses, and the thymidine kinase 

promoter of herpes simplex virus. Other constitutive promoters are known to those of 

ordinary skill in the art. The promoters useful as gene expression sequences of the invention 

also include inducible promoters. Inducible promoters are expressed in the presence of an 

inducing agent. For example, the metallothionein promoter is induced to promote 

transcription and translation in the presence of certain metal ions. Other inducible promoters 

are known to those of ordinary skill in the art.

In general, the gene expression sequence shall include, as necessary, 5’ non­

transcribing and 5’ non-translating sequences involved with the initiation of transcription and 

translation, respectively, such as a TATA box, capping sequence, CAAT sequence, and the 

like. Especially, such 5’ non-transcribing sequences will include a promoter region which 

includes a promoter sequence for transcriptional control of the operably joined GSK3 nucleic
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acid. The gene expression sequences optionally includes enhancer sequences or upstream 

activator sequences as desired.

Preferably, the GSK3 nucleic acid of the invention is linked to a gene expression 

sequence which permits expression of the GSK3 nucleic acid in an endothelial cell,

5 particularly in a vascular endothelial cell. More preferably, the gene expression sequence 

permits expression of the GSK3 nucleic acid in an endothelial cell and does not permit 

expression of the GSK3 nucleic acid in other cell types. A sequence which permits 

expression of the GSK3 nucleic acid in a cell such as a vascular endothelial cell, is one which 

is selectively active in such a cell type, thereby causing expression of the GSK3 nucleic acid

10 in these cells. The von Willebrand factor gene promoter, for example, can be used to express

the GSK3 nucleic acid in a vascular endothelial cell. Those of ordinary skill in the art will be
1 · · .

able to easily identify alternative promoters that are capable of expressing a GSK3 nucleic
«»

·”*· acid in the preferred endothelial cells of the invention.• · · · 1• ·
’* ’ The GSK3 nucleic acid sequence and the gene expression sequence are said to be• · '

15 “operably linked” when they are covalently linked in such a way as to place the transcription 

··. : and/or translation of the GSK3 coding sequence under the influence or control of the gene

*’”· expression sequence. If it is desired that the GSK3 sequence be translated into a functional

protein, two DNA sequences are said to be operably linked if induction of a promoter in the• · ·
e · a

• 5’ gene expression sequence results in the transcription of the GSK3 sequence and if the

. ,. 20 nature of the linkage between the two DNA sequences does not (1) result in the introduction
• · *
··. : of a frame-shift mutation, (2) interfere with the ability of the promoter region to direct the» · ·

transcription of the GSK3 sequence, or (3) interfere with the ability of the corresponding 

RNA transcript to be translated into a protein. Thus, a gene expression sequence would be 

operably linked to a GSK3 nucleic acid sequence if the gene expression sequence were

25 capable of effecting transcription of that GSK3 nucleic acid sequence such that the resulting 

transcript might be translated into the desired protein or polypeptide.

The GSK3 nucleic acids of the invention can be delivered to the preferred cell types 

of the invention alone or in association with a vector. In its broadest sense, a “vector” is any 

vehicle capable of facilitating: (1) delivery of a GSK3 molecule to a target cell and/or (2)

30 uptake of a GSK3 molecule by a target cell. Preferably, the vectors transport the GSK3 

molecule into the target cell with reduced degradation relative to the extent of degradation 

that would result in the absence of the vector. Optionally, a “targeting ligand” can be 

attached to the vector to selectively deliver the vector to a cell which expresses on its surface 

the cognate receptor for the targeting ligand. In this manner, the vector (containing a GSK3
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nucleic acid or a GSK3 protein) can be selectively delivered to an endothelial cell. 

Methodologies for targeting include conjugates, such as those described in U.S. Patent 

5,391,723 to Priest. Another example of a well-known targeting vehicle is a liposome. 

Liposomes are commercially available from Gibco BRL (Carlsbad , CA). Numerous 

methods are published for making targeted liposomes. Preferably, the GSK3 molecules of 

the invention are targeted for delivery to vascular endothelial cells.

In general, the vectors useful in the invention include, but are not limited to, plasmids, 

phagemids, viruses, other vehicles derived from viral or bacterial sources that have been 

manipulated by the insertion or incorporation of the nucleic acid sequences of the invention, 

and additional nucleic acid fragments (e.g., enhancers, promoters) which can be attached to 

the nucleic acid sequences of the invention. Viral vectors are a preferred type of vector and 

include, but are not limited to, nucleic acid sequences from the following viruses: adenovirus; 

adeno-associated virus; retrovirus, such as moloney murine leukemia virus; harvey murine 

sarcoma virus; murine mammary tumor virus; rouse sarcoma virus; SV40-type viruses; 

polyoma viruses; Epstein-Barr viruses; papilloma viruses; herpes virus; vaccinia virus; polio 

virus; and RNA virus such as a retrovirus. One can readily employ other vectors not named 

but known in the art.

A particularly preferred virus for certain applications is the adeno-associated virus, a 

double-stranded DNA virus. The adeno-associated virus is capable of infecting a wide range 

of cell types and species and can be engineered to be replication-deficient. It further has 

advantages, such as heat and lipid solvent stability, high transduction frequencies in cells of 

diverse lineages, including hemopoietic cells, and lack of superinfection inhibition thus 

allowing multiple series of transductions. Reportedly, the adeno-associated virus can 

integrate into human cellular DNA in a site-specific manner, thereby minimizing the 

possibility of insertional mutagenesis and variability of inserted gene expression. In addition, 

wild-type adeno-associated virus infections have been followed in tissue culture for greater 

than 100 passages in the absence of selective pressure, implying that the adeno-associated 

virus genomic integration is a relatively stable event. The adeno-associated virus can also 

function in an extrachromosomal fashion. Various preparations of vectors containing GSK3 

nucleic molecules are provided in the Examples. See also, U.S. 6,248,559, which reports 

sequence information for GSK3P and related cloning methods, the entire contents of which 

patent are incorporated herein by reference.

In general, other preferred viral vectors are based on non-cytopathic eukaryotic 

viruses in which non-essential genes have been replaced with the gene of interest. Non-
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cytopathic viruses include retroviruses, the life cycle of which involves reverse transcription 

of genomic viral RNA into DNA with subsequent proviral integration into host cellular DNA. 

Adenoviruses and retroviruses have been approved for human gene therapy trials. In general, 

the retroviruses are replication-deficient (i.e., capable of directing synthesis of the desired

5 proteins, but incapable of manufacturing an infectious particle). Such genetically altered 

retroviral expression vectors have general utility for the high-efficiency transduction of genes 

in vivo. Standard protocols for producing replication-deficient retroviruses (including the 

steps of incorporation of exogenous genetic material into a plasmid, transfection of a 

packaging cell lined with plasmid, production of recombinant retroviruses by the packaging

10 cell line, collection of viral particles from tissue culture media, and infection of the target 

■’’•’j cells with viral particles) are provided in Kriegler, M., “Gene Transfer and Expression, A

Laboratory Manual,” W.H. Freeman C.O., New York (1990) and Murry, E.J. Ed. “Methods

• J· in Molecular Biology,” vol. 7, Humana Press, Inc., Cliffton, New Jersey (1991).
• ·

*1 I Another preferred retroviral vector is the vector derived from the moloney murine• ·
15 leukemia virus, as described in Nabel, E.G., et al., Science, 1990, 249:1285-1288. These 

ί vectors reportedly were effective for the delivery of genes to all three layers of the arterial

...? wall, including the media. Other preferred vectors are disclosed in Flugelman, et al.,

Circulation, 1992, 85:1110-1117. Additional vectors that are useful for delivering Akt are• · ·
• described in U.S. Patent No. 5,674,722 by Mulligan, et. al.

. .. 20 In addition to the foregoing vectors, other delivery methods may be used to deliver a
» · ·
··. : GSK3 molecule to an endothelial cell, and facilitate uptake thereby. These additionall · ·

delivery methods include, but are not limited to, natural or synthetic molecules, other than 

those derived from bacteriological or viral sources, capable of delivering the isolated GSK3 

molecule to a cell.

25 A preferred such delivery method of the invention is a colloidal dispersion system.

Colloidal dispersion systems include lipid-based systems including oil-in-water emulsions, 

micelles, mixed micelles, and liposomes. A preferred colloidal system of the invention is a 

liposome. Liposomes are artificial membrane vessels which are useful as a delivery vector in 

vivo or in vitro. It has been shown that large unilamellar vessels (LUV), which range in size

30 from 0.2 - 4.0 pm can encapsulate large macromolecules. RNA, DNA, and intact virions can 

be encapsulated within the aqueous interior and be delivered to cells in a biologically active 

form (Fraley, et al., Trends Biochem. Sci., 1981, 6:77). In order for a liposome to be an 

efficient gene transfer vector, one or more of the following characteristics should be present: 

(1) encapsulation of the gene of interest at high efficiency with retention of biological
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activity; (2) preferential and substantial binding to a target cell in comparison to non-target 

cells; (3) delivery of the aqueous contents of the vesicle to the target cell cytoplasm at high 

efficiency; and (4) accurate and effective expression of genetic information.

Liposomes may be targeted to a particular tissue, such as the vascular cell wall, by

5 coupling the liposome to a specific ligand such as a monoclonal antibody, sugar, glycolipid, 

or protein. Ligands which may be useful for targeting a liposome to the vascular wall 

include, but are not limited to the viral coat protein of the Hemagglutinating virus of Japan. 

Additionally, the vector may be coupled to a nuclear targeting peptide, which will direct the 

GSK3 nucleic acid to the nucleus of the host cell.

10 Liposomes are commercially available from Gibco BRL (Carlsbad , CA), for

example, as LIPOFECTIN™ and LIPOFECTACE™, which are formed of cationic lipids 

such as N-[l-(2, 3 dioleyloxy)-propyl]-N, N, N-trirnethylammonium chloride (DOTMA) and 

dimethyl dioctadecylammonium bromide (DDAB). Methods for making liposomes are well 

known in the art and have been described in many publications. Liposomes also have been

15 reviewed by Gregoriadis, G. in Trends in Biotechnology, V. 3, p. 235-241 (1985). Novel 

liposomes for the intracellular delivery of macromolecules, including nucleic acids, are also 

described in PCT International application no. PCT/US96/07572 (Publication No. WO 

96/40060, entitled “Intracellular Delivery of Macromolecules”).

In one particular embodiment, the preferred vehicle is a biocompatible microparticle

20 or implant that is suitable for implantation into the mammalian recipient. Exemplary 

bioerodible implants that are useful in accordance with this method are described in PCT 

International application no. PCT/US/03307 (Publication No. WO 95/24929, entitled 

“Polymeric Gene Delivery System”, claiming priority to U.S. patent application serial no. 

213,668, filed March 15, 1994). PCT/US/0307 describes a biocompatible, preferably

25 biodegradable polymeric matrix for containing an exogenous gene under the control of an 

appropriate promoter. The polymeric matrix is used to achieve sustained release of the 

exogenous gene in the patient. In accordance with the instant invention, the GSK3 nucleic 

acids described herein are encapsulated or dispersed within the biocompatible, preferably 

biodegradable polymeric matrix disclosed in PCT/US/03307. The polymeric matrix

30 preferably is in the form of a microparticle such as a microsphere (wherein the GSK3 nucleic 

acid is dispersed throughout a solid polymeric matrix) or a microcapsule (wherein the GSK3 

nucleic acid is stored in the core of a polymeric shell). Other forms of the polymeric matrix 

for containing the GSK3 nucleic acid include films, coatings, gels, implants, and stents. The 

size and composition of the polymeric matrix device is selected to result in favorable release
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kinetics in the tissue into which the matrix device is implanted. The size of the polymeric 

matrix devise further is selected according to the method of delivery which is to be used, 

typically injection into a tissue or administration of a suspension by aerosol into the nasal 

and/or pulmonary areas. The polymeric matrix composition can be selected to have both 

favorable degradation rates and also to be formed of a material which is bioadhesive, to 

further increase the effectiveness of transfer when the devise is administered to a vascular 

surface. The matrix composition also can be selected not to degrade, but rather, to release by 

diffusion over an extended period of time.

Both non-biodegradable and biodegradable polymeric matrices can be used to deliver 

the GSK3 nucleic acids of the invention to the subject. Biodegradable matrices are preferred. 

Such polymers may be natural or synthetic polymers. Synthetic polymers are preferred. The 

polymer is selected based on the period of time over which release is desired, generally in the 

order of a few hours to a year or longer. Typically, release over a period ranging from 

between a few hours and three to twelve months is most desirable. The polymer optionally is 

in the form of a hydrogel that can absorb up to about 90% of its weight in water and further, 

optionally is cross-linked with multivalent ions or other polymers.

In general, the GSK3 nucleic acids of the invention are delivered using the 

bioerodible implant by way of diffusion, or more preferably, by degradation of the polymeric 

matrix. Exemplary synthetic polymers which can be used to form the biodegradable delivery 

system include: polyamides, polycarbonates, polyalkylenes, polyalkylene glycols, 

polyalkylene oxides, polyalkylene terepthalates, polyvinyl alcohols, polyvinyl ethers, 

polyvinyl esters, poly-vinyl halides, polyvinylpyrrolidone, polyglycolides, polysiloxanes, 

polyurethanes and co-polymers thereof, alkyl cellulose, hydroxyalkyl celluloses, cellulose 

ethers, cellulose esters, nitro celluloses, polymers of acrylic and methacrylic esters, methyl 

cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxy-propyl methyl cellulose, 

hydroxybutyl methyl cellulose, cellulose acetate, cellulose propionate, cellulose acetate 

butyrate, cellulose acetate phthalate, carboxylethyl cellulose, cellulose triacetate, cellulose 

sulphate sodium salt, poly(methyl methacrylate), poly(ethyl methacrylate),

poly(butylmethacrylate), poly(isobutyl methacrylate), poly(hexylmethacrylate), poly(isodecyl 

methacrylate), poly(lauryl methacrylate), poly(phenyl methacrylate), poly(methyl acrylate), 

poly(isopropyl acrylate), poly(isobutyl acrylate), poly(octadecyl acrylate), polyethylene, 

polypropylene, polyethylene glycol), poly(ethylene oxide), polyethylene terephthalate), 

poly(vinyl alcohols), polyvinyl acetate, poly vinyl chloride, polystyrene and

polyvinylpyrrolidone.
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Examples of non-biodegradable polymers include ethylene vinyl acetate, poly(meth) 

acrylic acid, polyamides, copolymers and mixtures thereof.

Examples of biodegradable polymers include synthetic polymers such as polymers of 

lactic acid and glycolic acid, polyanhydrides, poly(ortho)esters, polyurethanes, poly(butic 

acid), poly(valeric acid), and poly(lactide-cocaprolactone), and natural polymers such as 

alginate and other polysaccharides including dextran and cellulose, collagen, chemical 

derivatives thereof (substitutions, additions of chemical groups, for example, alkyl, alkylene, 

hydroxylations, oxidations, and other modifications routinely made by those skilled in the 

art), albumin and other hydrophilic proteins, zein and other prolamines and hydrophobic 

proteins, copolymers and mixtures thereof. In general, these materials degrade either by 

enzymatic hydrolysis or exposure to water in vivo, by surface or bulk erosion.

Bioadhesive polymers of particular interest include bioerodible hydrogels described 

by H.S. Sawhney, C.P. Pathak and J.A. Hubell in Macromolecules, 1993, 26, 581-587, the 

teachings of which are incorporated herein, polyhyaluronic acids, casein, gelatin, glutin, 

polyanhydrides, polyacrylic acid, alginate, chitosan, poly(methyl methacrylates), poly(ethyl 

methacrylates), poly(butylmethacrylate), poly(isobutyl methacrylate),

poly(hexylmethacrylate), poly(isodecyl methacrylate), poly(lauryl methacrylate), poly(phenyl 

methacrylate), poly(methyl acrylate), poly(isopropyl acrylate), poly(isobutyl acrylate), and 

poly(octadecyl acrylate). Thus, the invention provides a composition of the above-described 

GSK3 molecules for use as a medicament, methods for preparing the medicament and 

methods for the sustained release of the medicament in vivo.

Compaction agents also can be used in combination with a vector of the invention. A 

“compaction agent”, as used herein, refers to an agent, such as a histone, that neutralizes the 

negative charges on the nucleic acid and thereby permits compaction of the nucleic acid into 

a fine granule. Compaction of the nucleic acid facilitates the uptake of the nucleic acid by the 

target cell. The compaction agents can be used alone, i.e., to deliver the isolated GSK3 

nucleic acid in a form that is more efficiently taken up by the cell or, more preferably, in 

combination with one or more of the above-described vectors.

Other exemplary compositions that can be used to facilitate uptake by a target cell of 

the GSK3 nucleic acids include calcium phosphate and other chemical mediators of 

intracellular transport, microinjection compositions, electroporation and homologous 

recombination compositions (e.g., for integrating a GSK3 nucleic acid into a preselected 

location within the target cell chromosome).

30
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The GSK3 nucleic acids code for a GSK3 polypeptide. As used herein, a “GSK3 

polypeptide” refers to a polypeptide that is coded for by a GSK3 nucleic acid and/or a 

structurally related molecule, and preferably has serine-threonine protein kinase activity. 

GSK3 polypeptides that are in their inactive form are useful for inhibiting apoptotic cell- 

death of an endothelial cell and for enhancing an endothelial cell activity (e.g., survival, 

migration, angiogenesis). GSK3 polypeptides that are in their active form are useful for 

inhibiting an endothelial cell activity (e.g., survival, migration, angiogenesis). The preferred 

GSK3 polypeptide of the invention has the amino acid sequence of SEQ ID NOS. 2, 3, 4, 5,

6, 7, 8, 10,12, or 14, or a functionally equivalent fragment of the foregoing sequences. More 

preferably, the GSK3 polypeptide of the invention has the amino acid sequence of SEQ ID 

NOS. 2. GSK3 polypeptides further include functionally equivalent variants, and analogs of 

the foregoing sequences, provided that the fragments, variants, and analogs preferably 

maintain a serine-threonine kinase protein activity when in an active form, are capable of 

inhibiting apoptotic cell-death of an endothelial cell when in an inactive form, are capable of 

enhancing an endothelial cell activity when in an inactive form, and/or are capable of 

inhibiting an endothelial cell activity when in an active form. The invention also embraces 

proteins and peptides coded for by any of the foregoing GSK3 nucleic acids.

“Structurally related,” as used herein, refers to nucleic acids and polypeptides that are 

homologous and/or allelic to a GSK3 molecule. In general homologs and alleles typically 

will share at least 40% nucleotide identity and/or at least 50% amino acid identity to SEQ ID 

NOS:1, 9,11, or 13, and SEQ ID NOS:2, 3, 4, 5, 6, 7, 8,10, 12, or 13, respectively, in some 

instances will share at least 50% nucleotide identity and/or at least 65% amino acid identity 

and in still other instances will share at least 60% nucleotide identity and/or at least 75% 

amino acid identity. The homology can be calculated using various, publicly available 

software tools developed by NCBI (Bethesda, Maryland) that can be obtained through the 

internet (ftp:/ncbi.nlm.nih.gov/pub/). Exemplary tools include the BLAST system available 

at http://wwww.ncbi.nlm.nih.gov. Pairwise and ClustalW alignments (BLOSUM30 matrix 

setting) as well as Kyte-Doolittle hydropathic analysis can be obtained using the MacVetor 

sequence analysis software (Oxford Molecular Group). Watson-Crick complements of the 

foregoing nucleic acids also are embraced by the invention.

The preferred GSK3 nucleic acids of the invention encode the GSK3 having the 

amino acid sequence of SEQ ID NO. 2, the complete polypeptide sequence of the gene 

encoding the human GSK3p.

30
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It will be appreciated by those skilled in the art that various modifications of the 

GSK3 polypeptide having the sequence of SEQ ID NOS: 2, 3, 4, 5, 6, 7, 8,10,12, or 14, or 

functionally equivalent fragments of the foregoing sequences, can be made without departing 

from the essential nature of the invention. Accordingly, it is intended that polypeptides

5 which have the amino acid sequence of SEQ ID NOS: 2, 3, 4, 5, 6, 7, 8,10,12, or 14 but 

which include conservative substitutions are embraced within the instant invention. As used 

herein, “conservative amino acid substitution” refers to an amino acid substitution which 

does not alter the relative charge or size characteristics of the polypeptide in which the amino 

acid substitution is made. Conservative substitutions of amino acids include substitutions

10 made amongst amino acids with the following groups: (1) M,I,L,V; (2) F,Y,W; (3) K,R,H; 

i (4) A,G; (5) S,T; (6) Q,N; and, (7) E,D. Additionally, negatively charged amino acids (e.g.,
• ··
···· aspartic acid, glutamic acid) can be used in place of an amino acid that is phosphorylated to

I...’ provide a phosphomimetic polypeptide which mimics the activity of a phosphorylated GSK3• · ·'· · ·
,··, j polypeptide. Fusion proteins, in which a peptide of the invention is coupled to a solid
• · ·

15 support (such as a polymeric bead), a carrier molecule (such as keyhole limpet hemocyanin),

·’’·.· or a reporter group (such as radiolabel or other tag), or a membrane anchoring group (such a

'····* myristoylation peptide) also are embraced within the invention.

According to yet another aspect of the invention, a method of screening for a GSK3
• ·

kinase modulator (activator or inhibitor) that modulates (enhances or inhibits) an endothelial

·.··. 20 cell activity is provided. The method involves: (a) contacting a test molecule with an.· ··
’*· J endothelial cell under conditions to permit entry of the test molecule into the cell; and (b)

determining whether the test molecule modulates an endothelial cell activity (e.g., survival, 

migration, angiogenesis). An increase in an endothelial cell activity in the presence of the 

test molecule indicates that the test molecule is a GSK3 kinase inhibitor; a decrease in an

25 endothelial cell activity in the presence of the test molecule indicates that the test molecule is 

a GSK3 kinase activator. Test molecules may be members of a library of molecules such as a 

phage display library or a chemical combinatorial library. The screening method may be 

performed in vitro or in vivo (e.g., an animal model). (See also U.S. Patent Nos. 6,057,117 

and 6,057,118 which report screening methods and libraries for identifying agents that inhibit

30 GSK3.)

Candidate GSK3 kinase modulators include small molecules that bind to the GSK3 

polypeptide and upregulate (e.g., positive allosteric effectors) or downrgulate (e.g., negative 

allosteric effectors or competitive inhibitors) the activity of a GSK3 molecule with respect to 

modulating an endothelial cell activity. Exemplary small molecules include ATP analogs,
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which can be designed and selected to function as competitive, noncompetitive or suicide 

inhibitors. GSK3 kinase inhibitors also include peptides that mimic the natural substrate of 

GSK3 and, thereby, inhibit GSK3 kinase activity. The term "GSK3 substrate" refers to a 

peptide or a polypeptide or a synthetic peptide derivative that can be phosphorylated by 

GSK3 activity in the presence of an appropriate amount of ATP or a phosphate donor. 

Detection of the phosphorylated substrate is generally accomplished by the addition of a 

labeled phosphate that can be detected by some means common in the art of labeling, such as 

radiolabeled phosphate. The peptide substrate may be a peptide that resides in a molecule as a 

part of a larger polypeptide, or may be an isolated peptide designed for phosphorylation by 

GSK3. Exemplary GSK3 kinase activators include small molecules and peptides that bind to 

the regulatory domain of GSK3 and, thereby, induces or maintains the GSK3 polypeptide in 

an active conformation.

Candidate GSK3 kinase modulators may be derived from almost any source of 

chemical libraries, naturally occurring compounds, or mixtures of compounds. Described 

below are some exemplary and possible sources of candidate GSK3 kinase modulators, 

synthesis of libraries of peptides, peptoids, and small organic molecules. The candidate 

GSK3 kinase modulators can also be polynucleotides, for example ribozymes or antisense 

molecules designed based on knowledge of GSK3 polynucleotide sequence.

The term "inhibitor", as used in reference to a GSK3 kinase activity, refers to any 

inhibitor or antagonist of GSK3 activity. The GSK3 kinase inhibitor can be a peptide GSK3 

antagonist, a peptoid GSK3 antagonist, a small organic molecule GSK3 antagonist or a 

polynucleotide GSK3 antagonist. It is expected that some inhibitors will act at transcription, 

some at translation, and some on the mature protein, for example, at the specific site of GSK3 

that acts to phosphorylate another protein. However, the use and appropriateness of such 

inhibitors of GSK3 for the purposes of the invention are not limited to any theories of 

mechanism of action of the inhibitor. It is sufficient for purposes of the invention that an 

inhibitor inhibit the activity of GSK3, for example, and most particularly, the kinase activity 

of GSK3. This can be determined, for example, by observing inhibition of an endothelial 

cell activity in a screening assay performed in accordance with the methods of the invention. 

Exemplary inhibitors of GSK3 kinase activity are described in U.S. Patent Nos. 6,057,117 

and 6,153,618, the entire contents of which are incorporated herein by reference.

Conversely, the term "activator", as used in reference to a GSK3 kinase activity, 

refers to any activator or agonist of GSK3 activity. The GSK3 kinase activator can be a 

peptide agonist (e.g., an allosteric peptide that binds to GSK3 and induces or maintains the

30
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GSK3 protein in an active conformation), a peptoid GSK3 agonist, a small organic molecule 

GSK3 agonist or a polynucleotide GSK3 agonist. It is expected that some agonists will act at 

transcription, some at translation, and some on the mature protein, for example, at the specific 

site of GSK3 that acts to induce or maintain an active confirmation. However, the use and 

appropriateness of such activators of GSK3 for the purposes of the invention are not limited 

to any theories of mechanism of action of the inhibitor. It is sufficient for purposes of the 

invention that an activator activate the activity of GSK3, for example, and most particularly, 

the kinase activity of GSK3. This can be determined, for example, by observing inhibition of 

an endothelial cell activity in a screening assay performed in accordance with the methods of 

the invention.

Analogs of peptides as used herein include peptides having one or more peptide 

mimics, for example peptoids that possess protein-like activity. Included within the definition 

are, for example, peptides containing one or more analogs of an amino acid (including, for 

example, unnatural amino acids), peptides with substituted linkages, as well as other 

modifications known in the art, both naturally occurring and not naturally occurring.

The term "small molecule" includes any chemical or other moiety that can act to 

affect biological processes. Small molecules can include any number of therapeutic agents 

presently known and used, or can be small molecules synthesized in a library of such 

molecules for the purpose of screening for function. Small molecules are distinguished from 

polymers and macromolecules by size and lack of polymerization. Small molecules can 

include peptides, peptoids and small organic molecules.

The candidate GSK3 kinase modulators and libraries of candidate GSK3 kinase 

modulators for screening by the methods of the invention can be derived from any of the 

various possible sources of candidate inhibitors, such as for example, libraries of peptides, 

peptoids, small molecules, and polynucleotides. The polynucleotide libraries can include 

antisense molecules or ribozymes. The GSK3 kinase modulators can be a polypeptide 

presented by phage display, provided mechanisms are designed to get the polypeptide 

modulator into the cell, or the polypeptide modulator was used to construct an intrabody or 

intracellular antibody. In general, a GSK3 kinase inhibitor can be any molecule that may be 

capable of inhibiting GSK3 activity and, in particular, that may be capable of inhibiting an 

endothelial cell GSK3 activity. In general, a GSK3 kinase activator can be any molecule that 

may be capable of activating GSK3 activity and, in particular, that may be capable of 

enhancing an endothelial cell GSK3 activity. Some libraries for screening can be subdivided 

into library pools for assaying modulation of GSK3 activity by the methods of the invention.

30
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Some of each pool is assayed and some is saved for reassay, or to further subdivide into 

subpools, should a positive be identified.

Further alternative agents include peptide analogs and derivatives that can act as 

stimulators or inhibitors of gene expression, or as ligands or antagonists. General means 

contemplated for the production of peptides, analogs or derivatives are known in the art (See, 

e.g., CHEMISTRY AND BIOCHEMISTRY OF AMINO ACIDS, PEPTIDES, AND 

PROTEINS-A SURVEY OF RECENT DEVELOPMENTS, Weinstein, B. ed., Marcell 

Dekker, Inc., publ. New York (1983). Moreover, substitution of D-amino acids for the 

normal L-stereoisomers can be carried out to increase the half-lives of the molecules.

Peptoids, polymers comprised of monomer units of at least some N-substituted 

moieties, can act as small molecule stimulators or inhibitors herein and can be synthesized as 

described in PCT 91/19735. Presently preferred amino acid substitutes are N-alkylated 

derivatives of glycine, which are easily synthesized and incorporated into polypeptide chains. 

However, any monomer units that allow for the sequence specific synthesis of pools of 

diverse molecules are appropriate for use in producing peptoid molecules. The benefits of 

these molecules for the purpose of the invention is that they occupy different conformational 

space than a peptide and are more resistant to the action of proteases because their amide 

linkages are N-substituted.

Peptoids are easily synthesized by standard chemical methods. The preferred method 

of synthesis is the "submonomer" technique described by R. Zuckermann et al., J. Am. Chem. 

Soc. 114:10646-7 (1992). Synthesis by solid phase techniques of heterocyclic organic 

compounds in which N-substituted glycine monomer units forms a backbone is described in 

copending application entitled "Synthesis of N-Substituted Oligomers" filed on Jun. 7, 1995 

and is herein incorporated by reference in full. Combinatorial libraries of mixtures of such 

heterocyclic organic compounds can then be assayed for the ability to alter gene expression.

Synthesis by solid phase of other heterocyclic organic compounds in combinatorial 

libraries is also described in copending application U.S. Ser. No. 08/485,006 entitled 

"Combinatorial Libraries of Substrate-Bound Cyclic Organic Compounds" filed on Jun. 7, 

1995, herein incorporated by reference in full. Highly substituted cyclic structures can be 

synthesized on a solid support by combining the submonomer method with powerful solution 

phase chemistry. Cyclic compounds containing one, two, three or more fused rings are 

formed by the submonomer method by first synthesizing a linear backbone followed by 

subsequent intramolecular or intermolecular cyclization as described in the same application.

Where the selected inhibitor of GSK3 kinase activity is a ribozyme, for example, a
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ribozyme targeting a GSK3 gene, the ribozyme can be chemically synthesized or prepared in 

a vector for a gene therapy protocol including preparation of DNA encoding the ribozyme 

sequence. The synthetic ribozymes or a vector for gene therapy delivery can be encased in 

liposomes for delivery, or the synthetic ribozyme can be administered with a 

pharmaceutically acceptable carrier. A ribozyme is a polynucleotide that has the ability to 

catalyze the cleavage of a polynucleotide substrate. Ribozymes for inactivating a gene can be 

prepared and used as described in Long et al., FASEB J. 7:25 (1993), and Symons, Ann. Rev. 

Biochem. 61:641 (1992), Perrotta et al., Biochem. 31:16,17 (1992); and U.S. Pat. No. 

5,225,337, U.S. Pat. No. 5,168,053, U.S. Pat. No. 5,168,053 and U.S. Pat. No. 5,116,742, 

Ojwang et al., Proc. Natl. Acad. Sci. USA 89:10802-10806 (1992), U.S. Pat. No. 5,254,678 

and in U.S. Pat. No. 5,144,019, U.S. Pat. No. 5,225,337, U.S. Pat. No. 5,116,742, U.S. Pat. 

No. 5,168,053. Preparation and use of such ribozyme fragments in a hammerhead structure 

are described by Koizumi et al., Nucleic Acids Res. 17:7059-7071 (1989). Preparation and 

use of ribozyme fragments in a hairpin structure are described by Chowrira and Burke, 

Nucleic Acids Research 20:2835 (1992).

The hybridizing region of the ribozyme or of an antisense polynucleotide may be 

modified by linking the displacement arm in a linear arrangement, or alternatively, may be 

prepared as a branched structure as described in Hom and Urdea, Nucleic Acids Res. 

17:6959-67 (1989). The basic structure of the ribozymes or antisense polynucleotides may 

also be chemically altered in ways quite familiar to those skilled in the art. Chemically 

synthesized ribozymes and antisense molecules can be administered as synthetic 

oligonucleotide derivatives modified by monomeric units. Ribozymes and antisense 

molecules can also be placed in a vector and expressed intracellularly in a gene therapy 

protocol.

The invention includes generating cRNA and cDNA libraries for screening for 

modulation of GSK3 kinase activity, can require overexpression of recombinant GSK3, and 

can also involve transforming a cell with the gene for GSK3 for expression in the assay. 

However, it is not necessary to overexpress GSK3 in all the assays as GSK3 is endogenously 

expressed in almost all cells. Exemplary systems for generating polypeptides or libraries 

useful for the method of the invention would include, for example, any standard or useful 

mammalian, bacterial, yeast or insect expression system, many of which are described in WO 

96/35787. Thus any polypeptide or peptide useful in the invention can be made by these or 

other standard methods.

Other items not specifically exemplified, such as plasmids, can be constructed and
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purified using standard recombinant DNA techniques described in, for example, Sambrook et 

al. (1989), MOLECULAR CLONING, A LABORATORY MANUAL, 2d edition (Cold 

Spring Harbor Press, Cold Spring Harbor, N.Y.), and Ausubel et al., CURRENT 

PROTOCOLS IN MOLECULAR BIOLOGY (1994), (Greene Publishing Associates and 

John Wiley & Sons, New York, N.Y.) under the current regulations described in United States 

Dept. of HHS, NATIONAL INSTITUTE OF HEALTH (NLH) GUIDELINES FOR 

RECOMBINANT DNA RESEARCH. These references include procedures for the following 

standard methods: cloning procedures with plasmids, transformation of host cells, cell 

culture, plasmid DNA purification, phenol extraction of DNA, ethanol precipitation of DNA, 

agarose gel electrophoresis, purification of DNA fragments from agarose gels, and restriction 

endonuclease and other DNA-modifying enzyme reactions.

In one embodiment, the screening assay involves determining whether a putative 

angiogenesis modulator modulates apoptotic cell-death of endothelial cells. The method 

involves inducing apoptotic cell-death in a test sample containing an endothelial cell, 

contacting a angiogenesis modulator with the cells of the test sample under conditions to 

permit entry of the agent into the cell, determining a test sample index cell number, and 

comparing the test sample index cell number with a control index cell number of a control 

sample. The control sample contains cells that have been contacted with an angiogenesis 

promoter of the invention under conditions to permit entry of the angiogenesis promoter into 

the cells, and their index cell number is used as a reference number. The index cell number 

of the test sample as compared with the equivalent index cell number of the control sample is 

indicative of the inhibitory activity of the putative angiogenesis promoter in inhibiting death 

of the endothelial cells.

In one embodiment, the foregoing screening assay occurs in vitro. In preferred 

embodiments, the cells are vascular endothelial cells.

In another embodiment, the foregoing screening assay occurs in vivo. In preferred 

embodiments, the cells are cells of a subject from a tissue selected from the group consisting 

of myocardium, skeletal musculature and vascular endothelium.

Cell-death can be induced in a variety of ways well known in the art, including 

administration of glucocorticoids, reduction of hormone and/or growth factor levels, 

chemotherapy (toxic agents), mechanical injury and DNA damage.

The index cell number of the test sample as compared with the equivalent index cell 

number of the control sample serves as an indicator of the properties of the test agent in 

inhibiting death of the cells. An “index cell number” refers to a number of viable cells, to a
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number of dead cells, or to percentages of the foregoing numbers in relation to a total number 

of cells in a sample. Stains specific for either viable cells or dead cells may be used in order 

to facilitate the cell counting. Such stains are well known in the art, and exemplary ones are 

described below in the Examples. An index cell number, for example, of viable cells in the 

test sample, would be the “equivalent index cell number” of viable cells in the control 

sample.

The invention will be more fully understood by reference to the following examples. 

These examples, however, are merely intended to illustrate the embodiments of the invention 

and are not to be construed to limit the scope of the invention.

Examples

Example 1: Glycogen synthase kinase-3P functions in endothelial cells to 
negatively regulate angiogenesis.

Introduction to Example 1. Glycogen synthase kinase-3P (ϋδΚ3β) plays important 

roles in metabolism, embryonic development and tumorigenesis. Here we investigated the 

role of GSK33 signaling in vascular biology by examining its function in endothelial cells 

(EC). In EC, the regulatory phosphorylation of ΰδΚ3β was found to be under the control of 

PI 3-kinase-, MAPK- and protein kinase A-dependent signaling pathways. Transduction of a 

non-phosphorylatable, constitutively-active mutant of GSK$ promoted apoptosis under 

conditions of prolonged serum deprivation or the disruption of cell-matrix attachments. 

Conversely, transduction of catalytically-inactive ΰδΚ3β promoted EC survival under 

conditions of cellular stress. Under normal cell culture conditions, activation of ΰδΚ3β 

signaling inhibited migration of EC to VEGF or bFGF. Angiogenesis was inhibited by 

ΰδΚ3β activation in an in vivo matrigel plug assay, whereas inhibition of ΰδΚ3β signaling 

enhanced capillary formation. These data suggest that ϋδΚ3β functions at the nodal point of 

converging signaling pathways to regulate angiogenesis through its control of vascular cell 

migration and survival.

In this study, we initially examined the upstream signaling pathways that control 

ΰδΚ3β phosphorylation and inactivation in EC. To determine the functional significance of

30 this signaling pathway, GSK3 activity was modulated using adenoviral vectors expressing 

mutant GSK3 proteins and effects on survival, migration and angiogenesis were assessed. 

The results of these experiments are described in detail below.
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Materials. LY294002 was purchased from Cell Signaling Technology (St. Louis,

MO). PD98059, SB203580, bisindolylmaleimide I, H-89, 8-bromo 3,5-cyclic AMP, forskolin, 

and 3-isobutyl-l-methyxanthine which were purchased from Calbiochem (San Diego, CA). 

Recombinant human VEGF165, basic FGF157 and PDGF-BB were purchased from R & D

5 systems (Minneapolis, MN).

Cell culture and adenoviral vectors. Human umbilical vein ECs (HUVECs) were 

isolated as previously described (29) and cultured in EGM media (Clonetics, Walkersville, 

MD). Four to six passage cells were used in this study. To examine the regulation of GSK3P 

phosphorylation, HUVECs were serum-starved for 15 hours, treated with the indicated agents

10 for 1 hour, and stimulated with 10% fetal bovine serum. To examine serum deprivation- 

induced apoptosis, HUVECs were transduced with the indicated adenoviral construct and
• · · ·

*··* · cultured in serum-free media for 1 to 4 days. Some assays employed a replication-defective• ··• · ·
adenoviral vector expressing catalytically-inactive GSK36 (GSK36-KM) where lysine

.... residues at positions 85 and 86 were mutated to methionine and alanine, respectively (30, 31).
• · ·

15 Another vector expressed the nonphosphorylatable, constitutively-active mutant of GSK36• · ·
(GSK36-S9A) where the serine residue at position 9 was mutated to alanine (30, 31). As a

• · ·
*· control, an adenovirus vector expressing β-galactosidase gene was used (32). To examine the

• · · ·• ·
·’·· effect of GSK-D □ signaling on anoikis, HUVECs were trypsinized and seeded on the poly 2-

.. .. hydroxy ethyl methacrylate (HEMA)-coated dishes in the EGM media. Poly-HEMA solution• · ·• ·
20 (10mg/ml) (Sigma, St. Louis, MO), attachment inhibitor, was dispensed to cover the entire

.*.··. surface of 10 cm dish or each well of 6-well plate, and completely dried in a culture hood as

’*··.: described previously (33). This process was repeated twice and then the treated surface was

extensively washed by phosphate buffered saline (PBS) before use for suspension cultures.

At a serial time points after suspension, HUVECs were harvested for immunoblot or viability

25 assays, or were transferred to adhesive plate and cultured to evaluate the reattachment and 

growth of the anchorage-deprived cells.

Immunoblot analysis. HUVECs were washed in phosphate-buffered saline and 

harvested by scraping in 50mM Tris-HCl (pH 7.2), 250mM NaCI, 1% NP40, 0.05% SDS, 

2mM EDTA, 0.5% deoxycholic acid, lOmM β-glycerophosphate, ImM vanadate, ImM

30 phenyl methyl sulfonyl fluoride (PMSF). One mini tablet of protease inhibitor cocktail 

(Roche, Summerville, NJ) per 10 ml of lysis buffer, vanadate, and PMSF were added just 

prior to use. Protein concentration was determined with protein assay kit (Pierce, Rockford, 

IL). Protein (20 μg) was separated on SDS-polyacrylamide electrophoresis gel and transferred
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to a polyvinylidene difluoride membrane (Millipore, Bedford, MA). The membrane was 

blocked with T-PBS (1 x PBS, 0.3% Tween-20) containing 3% dry milk and incubated with 

primary antibody overnight at 42C. After three washes with T-PBS, the membrane was 

reblocked and incubated with secondary antibody for 1 hour at room temperature. ECL or

5 ECL-PLUS (Amersham, Piscataway, NJ) was used for detection. To reprobe the membrane, it 

was treated with Restore Western Blot stripping buffer (Pierce). The primary antibodies used 

were anti-phospho GSK-3P (Ser9) antibody (1:750 dilution, Cell Signaling Technology, 

Beverly, MA), anti-phospho Akt (Ser473) antibody (1: 250 dilution, Cell Signaling 

Technology, Beverly, MA), anti-total GSK-3p antibody (1:1000 dilution, Santa Cruz, Santa

10 Cruz, CA), and anti-α tubulin antibody (1:4000 dilution, Oncogene). The secondary

antibodies were anti-rabbit IgG/HRP conjugate or anti-mouse IgG/HRP conjugate (1:2500• · · ·• · ·
dilution, Promega Madison, WI).

• · ·
Migration assays. Migration assays were performed as described previously using a

• ·
.··:·. modified Boyden chamber (Neuroprobe, Gaithersburg, MD) (34). HUVECs were infected

·’’·.· 15 with adenoviruses overnight in EGM media, then serum-starved for 5 hours in EBM media

(Clonetics, Walkersville, MD), and trypsinized. Cells were resuspended in EBM media as• · ·
100,000 cells/300 μΐ, and were added on the upper chamber. VEGF (50 ng/ml) or basic FGF

• ·
(25 ng/ml) in EBM were added into the lower chamber. For migration assays of human aortic

;·.··. smooth muscle cells (HAoSMC), PDGF (50 ng/ml) or basic FGF (50 ng/ml) was used.» ·
20 Polycarbonate filters (8 qm pores; Neuroprobe, Gaithersburg, MD) precoated with gelatin by

• · ·
'·*·.· overnight incubation in 0.5% gelatin solution, was set between lower and upper chambers.·· ·• ·
’ ·* The chamber was incubated for 5 hours at 372C. Then filter was carefully removed and cells

attached on the upper side were wiped off. HUVECs migrating through the filter and 

appearing on the lower side were fixed by careful immersion of the filter into 70% ethanol for

25 15 minutes, stained with Giemsa solution and counted in three random fields per well.

Cell viability assays. HUVECs in 96-well plates were infected with adenovirus and

analyzed using tetrazolium salt WST-1 as instructed by manufacturer (Roche). DNA 

fragmentation was assessed by flow cytometry. For these assays, HUVECs were infected with 

adenoviruses and serum-starved for 2-4 days. At several time points after serum-starvation,

30 the attached and floating HUVECs were harvested and fixed in cold 90% ethanol for 20 

minutes and then resuspended in staining buffer consisting of 1 mg/ml RNaseA, 20 μg/ml 

propidium iodide and 0.01% NP40. DNA content was analyzed by flow cytometry on FL-2 

channel and gating was set to exclude debris and cellular aggregates. For each analysis,
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10,000 events were counted. Alternatively, pyknotic nuclei were assessed by Hoechst 

staining. For these assays, HUVECs were fixed with 4% paraformaldehyde for 30 minutes in 

room temperature, carefully washed with PBS twice, and stained with 10 mg/ml solution of 

Hoechst 33342 (Sigma, St. Louis, MO) at room temperature with light shielded. Cell viability 

was also assessed by annexin V/propidium iodide double staining. For these experiments 

serum-deprived HUVECs were cultured in 4-well slide chambers (Nunc). Media was 

removed and cell were covered with staining solution that contains annexin-V-fluorescein, 

propidium iodide, and binding buffer (Roche, Summerville, NJ) for 15 minutes at room 

temperature. To examine the anchorage deprivation-induced apoptosis, HUVECs in 

suspension culture were centrifuged at 200g for 5 minutes. The cell pellet was resuspended in 

staining solution, incubated for 15 minutes at room temperature, and spread on slide glass 

with cover.

In vivo angiogenesis assay. The formation of new vessels in vivo was evaluated by 

matrigel plug assay as described previously (35-37). For these experiments, equal amounts of 

heparin (10 units/ml) and basic FGF (1 μg/ml) (R & D) were mixed, and 5 μΐ this solution 

was mixed on ice with 10 ml of matrigel (Becton Dickinson, San Jose, CA) for a final 

concentration of basic FGF to be 250 ng/ml. Solutions of adenoviral vectors encoding β-gal, 

GSiC^-KM, or GSK/^-S9A mixed in with matrigel solution on ice (2xl08 plaque forming 

unit of virus (10 μΐ) should be contained in 500 μΐ). Five hundred μΐ of matrigel containing 

growth factor and adenovirus was injected subcutaneously near the right mid abdomen of 

C57BL mice (Jackson Laboratories, Bar Harbor, ME). Mice were sacrificed 10 days after the 

injection. The matrigel plugs with the adjacent subcutaneous tissues were carefully recovered 

by en bloc resection, embedded in OCT compound, and quick-frozen in liquid nitrogen. 

Immunohistochemistry for hemagglutinin (HA) or CD31 (PECAM-1), and histochemistry for 

alkaline phosphatase were performed on adjacent frozen sections. The primary antibodies 

were anti-HA rabbit polyclonal antibody (1:20, Santa Cruz) and anti-PECAM-1 goat 

polyclonal antibody (1:20 dilution, Santa Cruz, Santa Cruz, CA). The secondary antibodies 

were biotinylated horse anti-goat IgG antibody (1:100 dilution, Vector) and biotinylated goat 

anti-rabbit IgG antibody (1:100 dilution, Vector). Other components for

immunohistochemistry were from LSAB-2 kit (Dako).

Statistical analysis. All data were evaluated with a two tailed, paired T test or 

compared by one-way analysis of variance.

30
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Results:

Multiple signal transduction pathways regulate ΘδΚ-3β in EC. We first assayed

for the presence of ΰ8Κ3β in EC and examined the signal transduction pathways that are

involved in its regulatory phosphorylation at serine 9. HUVECs were serum-starved for 15

5 hours and then stimulated with FBS 10% for 1 hour with or without 1 hour-pretreatment of

dimethylsulfoxide (DMSO), LY294002, PD98059, SB203580, protein kinase C inhibitor 

(PKC-I), bisindolylmaleimide (BIM), protein kinase A inhibitor (PKA-I), or 8-bromo cAMP(

8-Br-cAMP). Immunoblot analyses were done for phospho-GSK, total GSK, phosphoAkt,

and α-tubulin. Stimulation of serum-deprived HUVECs with 10% FBS for 1 hour led to a

10 marked increase in ΰ8Κ3β phosphorylation. The phosphorylation of ϋ8Κ3β was paralleled

····• · ·• · ·
• · ·• · ·• · · ·

•
• ·
• · · ·• · ·• · ·

by an increase in the phosphorylation of Akt, a candidate upstream kinase that is regulated by

PI3K (5, 23). The serum-induced phosphorylation of ϋ8Κ3β was blocked by pre treatment

with the PI3K inhibitor LY294002 and partially inhibited by pretreatment with the MAPK

inhibitors PD98059 and/or SB203480. Akt phosphorylation was blocked by LY294002, but
• · ·

• · ·• · ·• · ·
• ·· ·• ·• · · ·

not by PD98059 or SB203480. Furthermore, the combined administration of PD98059 and

SB203480 detectably elevated the level of Akt phosphorylation in the presence or absence of

PI3K inhibition. In contrast, MAPK and PI3K inhibition had additive effects in reducing

ϋ8Κ3β phosphorylation.
»· · ·» · ·• PKA is reported to regulate ΰ5Κ3β in fibroblast, epithelial, or neuronal cells (6, 24).

20
• · · 

β ·• ··
·· ·• ·• · ·

In HUVECs, the PKA inhibitor H89 inhibited the serum-induced phosphorylation of Ο8Κ3β.

Stimulation of serum-deprived HUVECs with the PKA activators 8-bromo cAMP or

forskolin induced phosphorylation of ϋ8Κ3β, and this induction was blocked by pretreatment

with H89. Conversely, activation of PKA diminished Akt phosphorylation, whereas treatment

with H89 promoted Akt phosphorylation. Collectively, these data showed that although PI3K

25 signaling participated in ϋ8Κ3β regulation, Akt and ΰ8Κ3β phosphorylation were

differentially regulated by MAPK and PKA signaling pathways.

To modulate the intracellular ϋ8Κ3β activity, replication-defective adenoviral vectors

that express either a non-phosphorylatable, constitutively-active mutant (Ο5Κ3β-89Α) or a

catalytically-inactive mutant (ϋ8Κ3β-ΚΜ) that functions as a dominant-negative (30, 31)

30 were employed. HUVECs transduced with GSK33-S9A showed a decline in phosphorylated

ΰ8Κ3β, indicative of an activation of ϋ8Κ3β signaling. In contrast, transduction with

ϋ8Κ3β-ΚΜ led to an increase in ΰ8Κ3β protein that was phosphorylated at serine 9.



-45-

Role of GSK3P in vascular cell migration. HUVECs were infected with adenovirus 

at 50 MOI for 1 day in the presence of serum and then serum-starved for 5 hours before 

chemotaxis assay.When HUVECs were transduced with GSK3P-S9A (50 multiplicity of 

infection), their chemotactic activities toward VEGF (50 ng/ml) or bFGF (25 ng/ml) were

5 significantly decreased. Under the conditions of these assays, VEGF was a more potent 

chemoattractant than bFGF. In contrast, transduction of GSK3P-KM slightly enhanced the 

directional migration of HUVECs toward VEGF or bFGF, but this was not statistically 

significant. The antimigratory effect of GSK33-S9A was not due to a cytotoxic effect of this 

vector because Adeno-GSK3P-S9A did not decrease viability as assessed by a WST-1 assay

10 under these cell culture conditions. At late time points of serum deprivation (> 2 days) 

modulation of GSK3P signaling influenced cellular survival (see below).

Because the role of GSK3P on the migration of vascular cells had not been described

J”*: previously, we assayed the effects of GSK3P-S9A and GSKP-KM on the migration of human• · · ·
’* · aortic vascular smooth muscle cells (HAoSMC) toward bFGF (50 ng/ml) or PDGF (50

• ·
* 15 ng/ml). HAoSMCs were infected with adenovirus at 100 MOI for 1 day before the

··. : chemotaxis assay. Transduction of GSK3P-S9A significantly inhibited HAoSMC’s• · ·
chemotactic activities toward PDGF or bFGF in the Boyden chamber analysis. Conversely, 

transduction of ϋ8Κ3β-ΚΜ significantly enhanced the chemotaxis of HAoSMC toward• · ·• ·
’ either growth factor. Mitochondrial function in HAoSMC was assessed using WST-1 assay

20 under the conditions employed by the chemotaxis assay. Under these experimental
> · ·

ί conditions, GSK3P-S9A or GSK33-KM did not show a significant cytotoxic or

cytoprotective effect, respectively, as assessed by WST-1 assay. There was no significant 

difference of cell viability among three groups at 2 days after infection with adenovirus at 

100 MOI (n=12).

25 GSK3P signaling controls serum-deprivation-induced apoptosis of EC. As shown

above, transduction of GSK3P-S9A or GSK3P-KM had no effect on cell viability under 

normal cell culture conditions with mitogens present in the media or after short periods of 

serum deprivation. Therefore, to examine the role of GSK3p signaling in EC viability, 

HUVECs were infected with the adenoviral vectors expressing GSK3P mutants and

30 incubated in serum-free media for 4 days to promote apoptosis (38). Under these culture

conditions, transduction of GSK3P-KM significantly reduced the subdiploid fraction of DNA 

detected by FACS analysis of DNA content in propidium iodide-stained HUVEC after
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transduction with the indicated adenoviral vectors (100 MOI) and incubation in serum-free 

media for 4 days, whereas the constitutively-active GSK3p-S9A increased DNA degradation. 

These data were corroborated by assessing the impact of ΰδΚ3β signaling modulation on the 

frequency of pyknotic nuclei in Hoechst 33342-stained HUVEC cultures at 4 days after

5 transduction with the indicated adenoviral vector (50 MOI) and incubation in serum-free 

media for 4 days. Plasma membrane phospholipid asymmetry, another marker of apoptosis, 

was also assessed by analyzing the frequency of annexin V-positive cells. Transduction of 

serum-deprived HUVEC with GSK3p-KM reduced the frequency of annexin V-positive 

cells. GSK3P-KM also reduced the frequency of annexin V-positive cells that stained

10 positive with propidium iodide, which marks the later phases of cell death. Conversely,

transduction of GSK3-S9A increased the frequencies of cells that stained positive for annexin
• · · ·

*·.* ί V or propidium iodide. Consistent with these data, transduction of GSK3P-KM significantly• · ·• · ·
promoted viability as assessed by the WST-1 assay of mitochondrial function in HUVEC

J...’ cultures transduced with the indicated adenoviral vectors (100 MOI) and incubated in the
• · ·

.··. : L5 absence of serum for 4 days, whereas GSK36-S9A reduced mitochondrial function.• · ·

GSK3P regulates EC anoikis. Adhesion to extracellular matrix is an important 

determinant of EC survival under conditions of neovascularization (39). Thus, the role of 

ΰδΚ3β signaling in HUVEC anoikis was assessed. As shown in Figure 6A, there was a time- 

dependent decrease in phosphorylated ϋδΚ3β following the placement of HUVEC in

20 suspension culture. The decrease in GSK3P phosphorylation was paralleled by a decrease in 

the phosphorylation of Akt, a regulator of EC anoikis (38). To assess the role of ΰδΚ3β 

signaling in EC anoikis, HUVECs were transduced with GSK3P-KM or ΟδΚ3β-δ9Α prior to 

placement in suspension cultures. Annexin V staining revealed that expression of ΰδΚδβ- 

KM protected HUVECs from anoikis compared to control HUVECs that were transduced

25 with β-galactosidase. Conversely, GSK-S9A promoted cell death under these conditions. 

These findings were confirmed by a reattachment assay where HUVECs were reseeded on 

the adhesive plate after 1 day of the suspension culture. Cells expressing GSK-KM displayed 

a higher frequency of successful reattachment than control cells, whereas HUVEC transduced 

with GSK-S9A displayed a lower frequency of reattachment following incubation in

30 suspension culture.

ΘδΚ3β regulates angiogenesis. A matrigel plug assay in mice was employed to test
n

the role of ΟδΚ3β signaling in angiogenesis in vivo. Adenoviral vectors (2 x 10 PFU) were
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incorporated in the matrigel plugs along with bFGF (250 ng/ml) prior to subcutaneous 

implantation in the abdomen of C57BL6 mice for 10 days prior to recovery. Expression of 

the HA-tagged GSK33 transgene products was confirmed by immunohistochemistry. HA- 

positive immunostaining was detectable in plugs formulated with adenoviral vectors

5 encoding GSK-KM and GSK-S9A, but little or no signal was detected in plugs formulated 

with the β-galactosidase-expressing adenovirus. EC infiltration of these plugs was assessed 

by immunohistochemical analysis of CD31-positive cells. Plugs formulated with Adeno- 

GSK3P-KM exhibited significantly higher densities of EC than control plugs. Conversely, 

plugs formulated with GSK3P-S9A displayed a lower density of CD31-positive cells than

10 control. These data were corroborated by analyzing the densities of alkaline phosphatase­

positive capillaries within these plugs.

. .. Discussion:• · ·• · · ·

....... ; This study examined the regulation and function of ΘδΚ3β in EC biology and blood• ·
vessel growth. Specific kinase inhibitors were used to assess the signaling pathways that 

*. 15 regulate ΘδΚ3β in EC. The strong inhibitory effect of LY294002 on ϋδΚ3β phosphorylation

suggests that PI3K-dependent pathways are a major regulator of its activity in response to
• · ·• · ·
,...., mitogen stimulation, and these data were consistent with the finding that ΘδΚ3β is directly

• · · ·
phosphorylated by the PI3K-regulated protein kinase Akt (5, 22, 23). However, ΘδΚ3β does 

J · *: not function solely as an obligate downstream intermediate of PI3K/Akt signaling. It was

20 shown that MAPK inhibition downregulates ϋδΚ3β phosphorylation, while it promoted Akt
• · ·

phosphorylation. Furthermore, PKA agonists were found to increase ϋδΚ3β
• · ·

phosphorylation, but had the opposite effect on Akt. Collectively, these data suggested that 

ΰδΚ3β signaling functions at a step that is central to many angiogenesis-regulatory pathways 

in EC, and thus its activity may be controlled by a variety of angiogenic growth factors and

25 hormones.

EC survival is an important factor influencing angiogenesis and vessel integrity, and 

angiogenic growth factor withdrawal will lead to vessel regression in retina and tumors (40- 

42). Previous studies have found PI3K/Akt signaling mediates EC survival in response to 

angiogenic growth factors, including VEGF and angiopoeitin-1 (38, 43-45). This study

30 extends these prior observations by documenting that ΘδΚ3β plays a key role in controling 

EC survival in response to growth factor limitation. Activation of GSK3P signaling increased 

EC apoptosis in response to growth factor deprivation as shown by increased DNA
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fragmentation, decreased mitochondrial function and a loss of phospholipid asymmetry. 

Conversely, ablation of GSK33 signaling protected cells from apoptosis under conditions of 

mitogen-deprivation. Although growth factors initiate the angiogenic process, proper 

associations between cells and matrix are essential for neovascularization because they 

promote EC survival as they migrate toward the angiogenic source (39). Previous studies 

have shown that the pro-survival signals from cell surface-extracellular matrix interactions 

can be mediated by Akt (38) and by ILK (46), which phosphorylates both Akt and GSK3pn 

(47). When EC were deprived of anchorage attachments, there were time-dependent 

decreases in the levels of phosphorylated Θ8Κ3β as well as Akt. Apoptosis under these 

conditions was markedly reduced by the expression of catalytically-inactive GSK3P, 

providing direct evidence that GSK33 is an important component of this survival pathway. 

Collectively, these data reinforced the notion that GSK3P operated at the convergence of 

multiple signaling pathways to regulate EC survival in response to diverse external stresses.

This study also showed that GSK3p signaling controlled EC migration toward VEGF 

or bFGF and smooth muscle cell migration toward PDGF or bFGF. These effects on 

migration were not due to cytotoxic or cytoprotective actions of the different GSK3P vectors 

because these assays were performed during short periods of serum deprivation where 

apoptosis is minimal. Because the migration and survival of vascular cells are essential 

components of the angiogenic response, a mouse angiogenesis assay was employed to assess 

the consequences of adenovirus-mediated GSK33 gene transfer on capillary infiltration of 

matrigel plugs containing bFGF. In these experiments, the kinase mutant GSK3P increased 

capillary density in the plug, whereas constitutively-active GSK3P markedly reduced 

capillary formation. From these experiments, we concluded that GSK3p signaling functions 

in EC to negatively regulate angiogenesis.

Previous studies have shown that Akt regulates angiogenic cellular responses in EC 

including survival (38, 43), migration (48) and NO production (49, 50). Moreover, 

adenovirus-mediated transfer of a constitutively-active Akt gene to the vascular endothelium 

of ischemic limbs promoted collateral vessel formation and improved perfusion (51). The 

results of this study increased our knowledge of this regulatory pathway by documenting that 

GSK3p, one of many substrates for the Akt protein kinase, can regulate EC survival and 

migration in vitro and angiogenesis in vivo. Furthermore, it was shown that MAPK- and 

PKA-dependent signaling pathways promoted changes in GSK3p phosphorylation that favor 

angiogenesis. These observations were significant because some angiogenic factors, such as

30
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bFGF, are efficient activators of MAPK, but do not activate PI3K/Akt signaling (data not

shown). Consistent with the notion that distinct angiogenic signals converge on GSK3P, its

phosphorylation was also controlled by Wnt through a mechanism distinct from that 

employed by mitogenic factors (1, 20, 26), and recent studies have shown that Wnt can

5 regulate EC growth (52). Thus, GSBG^ may control blood vessel growth by functioning at a 

nodal point of multiple-signaling pathways where it coordinates EC responses to both pro- 

and anti-angiogenic inputs.
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<160> 14
<170> Patentln version 3.0
<210> 1
<211> 2088
<212> DNA
<213> Homo sapiens
<220>
<221> CDS
<222> (616)..(1875)
<400> 1
ttacaggtgt gagccacctc gcccagctga gttcagtata attttcaatg agaaactgaa 60

• · ·• · ·• · · attcagtttt ataatcaaag agcatgtttg ctgaagccat cattctcagc aaactaatac 120
• · · ·• ·• · · · agggacagaa aaccaaacac cgcatgttcc actcataagt gggagttgaa caatgagaac 180

acacggacac agggagggaa acatcacaca ccagggcctg tcaggcggtc aggggtaagg 240
• · ·• · ggagagagag catcgagaca aatatctaag gtatgcgggg cttaaaacct agatgatggt 300

• · · tgataggtgc agcaaaccac catggcacat gtatacctgt gtaacaaacc cgcacgtcct 360
• · ·
• · ·• · · gcacatgcat cccacaactt aaagcaaaat aaaaatatat atatttttca tattttcata 420
• · · tataatatat aaatatataa ttaagataaa atattacata ttacatatgt ataaattcat 480

atataacata taaaatatat aatattatat attatataca tgtgtatata aaatctggct 540

gcggagtttt tgatctatac attgaacaaa ttgtctcacc tactgatgaa aaggtgattc 600

gcgaagagag tgatc atg tea ggg egg ccc aga acc acc tcc ttt geg gag 651
Met Ser Gly Arg Pro Arg Thr Thr Ser Phe Ala Glu

10
age tgc aag ccg gtg cag cag cct tea get ttt ggc age atg aaa gtt
Ser Cys Lys Pro Val Gin Gin Pro Ser Ala Phe Gly Ser Met Lys Val

15 20 25
age aga gac aag gac ggc age aag gtg aca aca gtg gtg gca act cct
Ser Arg Asp Lys Asp Gly Ser Lys Val Thr Thr Val Val Ala Thr Pro

30 35 40

ggg cag ggt cca gac agg cca caa gaa gtc age tat aca gac act aaa
Gly Gin Gly Pro Asp Arg Pro Gin Glu Val Ser Tyr Thr Asp Thr Lys
45 50 55 60
etc att gga aat gga tea ttt ggt gtg gta tat caa gcc aaa ett tgt
Leu He Gly Asn Gly Ser Phe Gly Val Val Tyr Gin Ala Lys Leu Cys

699

747

795

843
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65 70 75
gat
Asp

tea
Ser

gga
Gly

gaa
Glu
80

ctg
Leu

gtc
Val

gee
Ala

ate
lie

aag
Lys
85

aaa
Lys

gta
Val

ttg
Leu

cag
Gin

gac
Asp
90

aag
Lys

aga
Arg

891

ttt aag aat ega gag etc cag ate atg aga aag eta gat cac tgt aac 939
Phe Lys Asn Arg Glu Leu Gin lie Met Arg Lys Leu Asp His Cys Asn

95 100 105
ata gtc ega ttg cgt tat ttc ttc tac tcc agt ggt gag aag aaa gat 987
Xie Val Arg Leu Arg Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp

110 115 120
gag gtc tat ett aat ctg gtg ctg gac tat gtt ccg gaa aca gta tac 1035
Glu Val Tyr Leu Asn Leu Val Leu Asp Tyr Val Pro Glu Thr Val Tyr
125 130 135 140
aga gtt gcc aga cac tat agt ega gee aaa cag aeg etc cct gtg att 1083
Arg Val Ala Arg His Tyr Ser Arg Ala Lys Gin Thr Leu Pro val lie

• · · ·• · · 145 150 155
• · ·

• · · tat gtc aag ttg tat atg tat cag ctg ttc ega agt tta gcc tat ate 1131
• · · · Tyr Val Lys Leu Tyr Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr lie• 160 165 170• ·
• · · ·• · · cat tcc ttt gga ate tgc cat egg gat att aaa ccg cag aac etc ttg 1179
• · · His Ser Phe Gly lie Cys His Arg Asp lie Lys Pro Gin Asn Leu Leu• · ·• · · 175 180 185

ttg gat cct gat act get gta tta aaa etc tgt gac ttt gga agt gca 1227·ι· ·• · · Leu Asp Pro Asp Thr Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala• · ·
• · · · 190 195 200

• ·• · · · aag cag ctg gtc ega gga gaa CCC aat gtt teg tat ate tgt tet egg 1275
Lys Gin Leu Val Arg Gly Glu Pro Asn Val Ser Tyr lie Cys Ser Arg

• · · ·• · · 205 210 215 220
• ·

tac tat agg gca cca gag ttg ate ttt gga gcc act gat tat acc tet 1323
Tyr Tyr Arg Ala Pro Glu Leu lie Phe Gly Ala Thr Asp Tyr Thr Ser• · ·• · ·• ·· 225 230 235

• · ·• · ·• · · agt ata gat gta tgg tet get ggc tgt gtg ttg get gag ctg tta eta 1371
Ser lie Asp Val Trp Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu

240 245 250

gga caa cca ata ttt cca ggg gat agt ggt gtg gat cag ttg gta gaa 1419
Gly Gin Pro lie Phe Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu

255 260 265
ata ate aag gtc ctg gga act cca aca agg gag caa ate aga gaa atg 1467
lie lie Lys Val Leu Gly Thr Pro Thr Arg Glu Gin lie Arg Glu Met

270 275 280
aac cca aac tac aca gaa ttt aaa ttc cct caa att aag gca cat cct 1515
Asn Pro Asn Tyr Thr Glu Phe Lys Phe Pro Gin lie Lys Ala His Pro
285 290 295 300

tgg act aag gtc ttc ega CCC ega act cca ccg gag gca att gca ctg 1563
Trp Thr Lys Val Phe Arg Pro Arg Thr Pro Pro Glu Ala Tie Ala Leu

305 310 315

tgt age cgt ctg ctg gag tat aca cca act gcc ega eta aca cca ctg 1611
Cys Ser Arg Leu Leu Glu Tyr Thr Pro Thr Ala Arg Leu Thr Pro Leu

320 325 330
gaa get tgt gca cat tea ttt ttt gat gaa tta egg gac cca aat gtc 1659
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Glu Ala Cys
335

Ala His Ser Phe Phe
340

Asp Glu Leu Arg Asp Pro Asn Val
345

aaa eta cca aat ggg ega gac aca cct gca etc ttc aac ttc acc act 1707
Lys Leu

350
Pro Asn Gly Arg Asp

355
Thr Pro Ala Leu Phe Asn Phe Thr Thr

360
caa gaa ctg tea agt aat cca cct ctg get acc ate ett att cct cct 1755
Gin
365

Glu Leu Ser Ser Asn
370

Pro Pro Leu Ala Thr 
375

lie Leu He Pro Pro
380

cat get egg att caa gca get get tea acc ccc aca aat gcc aca gca 1803
His Ala Arg He Gin

385
Ala Ala Ala Ser Thr Pro 

390
Thr Asn Ala Thr Ala

395

geg tea gat get aat act gga gac cgt gga cag acc aat aat get get 1851
Ala Ser Asp Ala

400
Asn Thr Gly Asp Arg Gly Gin 

405
Thr Asn Asn Ala Ala

410
tet
Ser

gca
Ala

tea
Ser
415

get
Ala

tcc
Ser

aac
Asn

tcc
Ser

acc
Thr
420

tgaacagtcc cgagcagcca gctgcacagg 1905

aaaaaccacc agttacttga gtgtcactca gcaacactgg tcacgtttgg aaagaatatt 1965
aaaaagagaa aaaaatcctg ttcattttag tgttcaattt ttttattatt attgttgttc 2025

ttatttaacc ttgtaaaata tetataaata caaaccaatt

ggg

<210> 2
<211> 420
<212> PRT
<213> Homo sapiens
<400> 2

tcattgtatt ctcactttga 2085
2088

Met
1

Ser Gly Arg Pro
5

Arg Thr Thr Ser Phe Ala 
10

Glu Ser Cys Lys Pro
15

Val Gin Gin Pro
20

Ser Ala Phe Gly Ser Met Lys 
25

Val Ser Arg Asp Lys
30

Asp Gly Ser
35

Lys Val Thr Thr Val
40

Val Ala Thr Pro Gly Gin Gly Pro
45

Asp Arg
50

Pro Gin Glu Val Ser
55

Tyr Thr Asp Thr Lys Leu He Gly Asn
60

Gly
65

Ser Phe Gly Val Val
70

Tyr Gin Ala Lys Leu 
75

Cys Asp Ser Gly Glu
80

Leu Val Ala lie Lys
85

Lys Val Leu Gin Asp Lys 
90

Arg Phe Lys Asn Arg
95

Glu Leu Gin He
100

Met Arg Lys Leu Asp His Cys 
105

Asn He Val Arg Leu
110

Arg Tyr Phe
115

Phe Tyr Ser Ser Gly
120

Glu Lys Lys Asp Glu Val Tyr Leu
125

Asn Leu
130

Val Leu Asp Tyr Val
135

Pro Glu Thr Val Tyr Arg Val Ala Arg
140

His
145

Tyr Ser Arg Ala Lys
150

Gin Thr Leu Pro Val 
155

He Tyr Val Lys Leu
160
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Tyr Met Tyr Gin Leu
165

Phe Arg Ser Leu Ala
170

Tyr He His Ser Phe
175

Gly

lie Cys His Arg
180

Asp He Lys Pro Gin
185

Asn Leu Leu Leu Asp
190

Pro Asp

Thr Ala Val
195

Leu Lys Leu Cys Asp
200

Phe Gly Ser Ala Lys
205

Gin Leu Val

Arg Gly
210

Glu Pro Asn Val Ser
215

Tyr He Cys Ser Arg
220

Tyr Tyr Arg Ala

Pro
225

Glu Leu lie Phe Gly
230

Ala Thr Asp Tyr Thr
235

Ser Ser He Asp Val
240

Trp Ser Ala Gly Cys
245

Val Leu Ala Glu Leu
250

Leu Leu Gly Gin Pro
255

He

• · · ·• · ·
Phe Pro Gly Asp

260
Ser Gly Val Asp Gin

265
Leu Val Glu He He

270
Lys Val

• · ·• · ·• · · ·
•

Leu Gly Thr
275

Pro Thr Arg Glu Gin
280

lie Arg Glu Met Asn
285

Pro Asn Tyr

• ·
• · · ·'· · ·• · ·

Thr Glu
290

Phe Lys Phe Pro Gin
295

lie Lys Ala His Pro
300

Trp Thr Lys Val
• · ·» · ·• · · Phe

305
Arg Pro Arg Thr Pro

310
Pro Glu Ala He Ala

315
Leu Cys Ser Arg Leu

320
• · ·• · ·• · ·
• ·· ·• ·

Leu Glu Tyr Thr Pro
325

Thr Ala Arg Leu Thr
330

Pro Leu Glu Ala Cys
335

Ala

• · · ·

• · '· ·
His Ser Phe Phe

340
Asp Glu Leu Arg Asp

345
Pro Asn Val Lys Leu

350
Pro Asn

• · ·• · Gly Arg Asp
355

Thr Pro Ala Leu Phe
360

Asn Phe Thr Thr Gin
365

Glu Leu Ser

• · ·· · ·• · ·
• · ·'· · ·

Ser Asn
370

Pro Pro Leu Ala Thr
375

He Leu lie Pro Pro
380

His Ala Arg He
• · ·

Gin
385

Ala Ala Ala Ser Thr
390

Pro Thr Asn Ala Thr
395

Ala Ala Ser Asp Ala
400

Asn Thr Gly Asp Arg
405

Gly Gin Thr Asn Asn
410

Ala Ala Ser Ala Ser
415

Ala

Ser Asn Ser Thr 
420

<210> 3
<211> 483
<212> PRT
<213> Homo sapiens
<400> 3
Met
1

Ser Gly Gly Gly
5

Pro Ser Gly Gly Gly Pro Gly Gly Ser Gly Arg
10 15

Ala Arg Thr Ser Ser Phe Ala Glu Pro Gly Gly Gly Gly Gly Gly Gly
20 25 30

Gly Gly Gly Pro Gly Gly Ser Ala Ser Gly Pro Gly Gly Thr Gly Gly 
35 40 45
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Gly Lys
50

Ala Ser Val Gly Ala Met Gly Gly Gly Val Gly Ala Ser Ser
55 60

Ser Gly Gly Gly Pro Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Pro
65 70 75 80
Gly Ala Gly Thr Ser Phe Pro Pro Pro Gly Val Lys Leu Gly Arg Asp

85 90 95

Ser Gly Lys Val Thr Thr Val Val Ala Thr Leu Gly Gin Gly Pro Glu
100 105 110

Arg Ser Gin Glu Val Ala Tyr Thr Asp He Lys Val lie Gly Asn Gly
115 120 125

Ser Phe Gly Val Val Tyr Gin Ala Arg Leu Ala Glu Thr Arg Glu Leu
130 135 140

Val Ala He Lys Lys Val Leu Gin Asp Lys Arg Phe Lys Asn Arg Glu
• · · ·• · · 145 150 155 160

• · ·• · · Leu Gin lie Met Arg Lys Leu Asp His Cys Asn lie Val Arg Leu Arg«>· · ·
• 165 170 175

• ·• · · · Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Leu Tyr Leu Asn• · ··· · 180 185 190
• · ·• · ·« · · Leu Val Leu Glu Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg His

195 200 205
• · ·• · « Phe Thr Lys Ala Lys Leu Thr He Pro He Leu Tyr Val Lys Val Tyr
• · · ·* · 210 215 220
• · · ·

Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr Xie His Ser Gin Gly Val
• · · · 225 230 235 240
• · ·• · Cys His Arg Asp lie Lys Pro Gin Asn Leu Leu Val Asp Pro Asp Thr

245 250 255
• · ·• · ·• · · Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val Arg
• · ·• · · 260 265 270
• · ·

Gly Glu Pro Asn Val Ser Tyr He Cys Ser Arg Tyr Tyr Arg Ala Pro
275 280 285

Glu Leu He Phe Gly Ala Thr Asp Tyr Thr Ser Ser He Asp Val Trp
290 295 300

Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro lie Phe
305 310 315 320

Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu He lie Lys Val Leu
325 330 335

Gly Thr Pro Thr Arg Glu Gin lie Arg Glu Met Asn Pro Asn Tyr Thr
340 345 350

Glu Phe Lys Phe Pro Gin He Lys Ala His Pro Trp Thr Lys Val Phe
355 360 365

Lys Ser Arg Thr Pro Pro Glu Ala He Ala Leu Cys Ser Ser Leu Leu
370 375 380

Glu Tyr Thr Pro Ser Ser Arg Leu Ser Pro Leu Glu Ala Cys Ala His
385 390 395 400
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Ser Phe Phe Asp Glu
405

Leu Arg Cys Leu Gly
410

Thr Gin Leu Pro Asn
415

Asn

Arg Pro Leu Pro Pro Leu Phe Asn Phe Ser Ala Gly Glu Leu Ser Ile
420 425 430

Gin Pro Ser Leu Asn Ala Ile Leu Ile Pro Pro His Leu Arg Ser Pro
435 440 445

Ala Gly Thr Thr Thr Leu Thr Pro Ser Ser Gin Ala Leu Thr Glu Thr
450 455 460

Pro Thr Ser Ser Asp Trp Gin Ser Thr Asp Ala Thr Pro Thr Leu Thr
465 470 475 480

Asn Ser Ser

• · · ·• · ·• · ·
• · ·• · *

<210> 4
<211> 483
<212> PRT 
<213> Homo sapiens

• · · ·
• <400> 4

w ·
• · · ·

• · ·
• · ·

Met
1

Ser Gly Gly Gly
5

Pro Ser

• · ·
• · ·

« · · Ala Arg Thr Ser
20

Ser Phe Ala

• · ·
• · ·

• ··
Gly Gly Gly

35
Pro Gly Gly Ser

• · · ·
• ·

• ·· · Gly Lys
50

Ala Ser Val Gly Ala
55

• · > ·
» » ·
• · Ser

65
Gly Gly Gly Pro Gly

70
Gly

• · ·
• · ·
• · ·
·· ·

Gly Ala Gly Thr Ser
85

Phe Pro
• * ·
• · ·

Ser Gly Lys Val
100

Thr Thr Val

Arg Ser Gin
115

Glu Val Ala Tyr

Ser Phe
130

Gly Val Val Tyr Gin
135

Val
145

Ala Ile Lys Lys Val
150

Leu

Leu Gin Ile Met Arg
165

Lys Leu

Tyr Phe Phe Tyr
180

Ser Ser Gly

Leu Val Leu
195

Glu Tyr Val Pro

Gly Gly Gly
10

Pro Gly Gly Ser Gly
15

Arg

Glu Pro
25

Gly Gly Gly Gly Gly
30

Gly Gly

Ala
40

Ser Gly Pro Gly Gly
45

Thr Gly Gly

Met Gly Gly Gly Val
60

Gly Ala Ser Ser

Ser Gly Gly Gly
75

Gly Ser Gly Gly Pro
80

Pro Pro Gly
90

Val Lys Leu Gly Arg
95

Asp

Val Ala
105

Thr Leu Gly Gin Gly
110

Pro Glu

Thr
120

Asp Ile Lys Val Ile
125

Gly Asn Gly

Ala Arg Leu Ala Glu
140

Thr Arg Glu Leu

Gin Asp Lys Arg
155

Phe Lys Asn Arg Glu
160

Asp His Cys
170

Asn Ile Val Arg Leu
175

Arg

Glu Lys
185

Lys Asp Glu Leu Tyr
190

Leu Asn

Glu
200

Thr Val Tyr Arg Val
205

Ala Arg His

Phe Thr Lys Ala Lys Leu Thr Ile Pro lie Leu Tyr Val Lys Val Tyr 
210 215 220
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Met
225

Tyr Gin Leu Phe Arg
230

Ser Leu Ala Tyr He
235

His Ser Gin Gly Val
240

Cys His Arg Asp He Lys Pro Gin Asn Leu Leu Val Asp Pro Asp Thr
245 250 255

Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val Arg
260 265 270

Gly Glu Pro Asn Val Ser Tyr lie Cys Ser Arg Tyr Tyr Arg Ala Pro
275 280 285

Glu Leu lie Phe Gly Ala Thr Asp Tyr Thr Ser Ser He Asp Val Trp
290 295 300

Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro He Phe
305 310 315 320

Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu lie lie Lys Val Leu
325 330 335

* · · *
• · ·
·· · Gly Thr Pro Thr Arg Glu Gin lie Arg Glu Met Asn Pro Asn Tyr Thr

• ··
• · ·
····

340 345 350
• Glu Phe Lys Phe Pro Gin lie Lys Ala His Pro Trp Thr Lys Val PheW « « ν V «

····
• · ·

355 360 365
·· ·
• · · Lys Ser Arg Thr Pro Pro Glu Ala He Ala Leu Cys Ser Ser Leu Leu

* · ·
• I· 370 375 380

Glu Tyr Thr Pro Ser Ser Arg Leu Ser Pro Leu Glu Ala Cys Ala His
·· ·

• · ·
• ··

385 390 395 400
····

• ·
·*·· Ser Phe Phe Asp Glu Leu Arg Cys Leu Gly Thr Gin Leu Pro Asn Asn

405 410 415
·· · ·
• · · Arg Pro Leu Pro Pro Leu Phe Asn Phe Ser Ala Gly Glu Leu Ser He
• · 420 425 430

Gin Pro Ser Leu Asn Ala He Leu He Pro Pro His Leu Arg Ser Pro
• · ·
• ·· 435 440 445
• · ·

• · ·
• ·· Ser Gly Thr Thr Thr Leu Thr Pro Ser Ser Gin Ala Leu Thr Glu Thr

450 455 460
Pro Thr Ser Ser Asp Trp Gin Ser Thr Asp Ala Thr Pro Thr Leu Thr
465 470 475 480
Asn Ser Ser

<210> . 5
<211> 483
<212> PRT
<213> Homo sapiens
<400> 5
Met Ser Gly Gly Gly Pro Ser Gly Gly Gly Pro Gly Gly Ser Gly Arg
1 5 10 15
Ala Arg Thr Ser Ser Phe Ala Glu Pro Gly Gly Gly Gly Gly Gly Gly

20 25 30
Gly Gly Gly Pro Gly Gly Ser Ala Ser Gly Pro Gly Gly Thr Gly Gly

35 40 45
Gly Lys Ala Ser Val Gly Ala Met Gly Gly Gly Val Gly Ala Ser Ser
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50 55 60
Ser Gly Gly Gly Pro Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Pro
65 70 75 80
Gly Ala Gly Thr Ser Phe Pro Pro Pro Gly Val Lys Leu Gly Arg Asp

85 90 95
Ser Gly Lys Val Thr Thr Val Val Ala Thr Leu Gly Gin Gly Pro Glu

100 105 110
Arg Ser Gin Glu Val Ala Tyr Thr Asp lie Lys Val lie Gly Asn Gly

115 120 125
Ser Phe Gly Val Val Tyr Gin Ala Arg Leu Ala Glu Thr Arg Glu Leu

130 135 140
Val Ala He Lys Lys Val Leu Gin Asp Lys Arg Phe Lys Asn Arg Glu
145 150 155 160
Leu Gin lie Met Arg Lys Leu Asp His Cys Asn lie Val Arg Leu Arg• · · ·• · ·• · · 165 170 175

• ··• · · Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Leu Tyr Leu Asn• · · ·
• 180 185 190

• ·
• · · · Leu Val Leu Glu Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg His• · ·• · · 195 200 205

<« · l·• · · Phe Thr Lys Ala Lys Leu Thr lie Pro lie Leu Tyr Val Lys Val Tyr
210 215 220

6 · ·• · ·• · · Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr lie His Ser Gin Gly Val
• · · ·• · 225 230 235 240
• · · ·

Cys His Arg Asp He Lys Pro Gin· Asn Leu Leu Val Asp Pro Asp Thr
• · · · 245 250 255
• · ·• · Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val Arg

260 265 270
• · ·• · ·• · · Gly Glu Pro Asn Val Ser Tyr lie Cys Ser Arg Tyr Tyr Arg Ala Pro
• · ·• · · 275 280 285

Glu Leu He Phe Gly Ala Thr Asp Tyr Thr Ser Ser He Asp Val Trp
290 295 300

Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro He Phe
305 310 315 320

Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu He He Lys Val Leu
325 330 335

Gly Thr Pro Thr Arg Glu Gin He Arg Glu Met Asn Pro Asn Tyr Thr
340 345 350

Glu Phe Lys Phe Pro Gin He Lys Ala His Pro Trp Thr Lys Val Phe
355 360 365

Lys Ser Arg Thr Pro Pro Glu Ala He Ala Leu Cys Ser Ser Leu Leu
370 375 380

Glu Tyr Thr Pro Ser Ser Arg Leu Ser Pro Leu Glu Ala Cys Ala His
385 390 395 400
Ser Phe Phe Asp Glu Leu Arg Cys Leu Gly Thr Gin Leu Pro Asn Asn 

405 410 415
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Arg Pro Leu Pro
420

Pro Leu Phe Asn Phe
425

Ser Ala Gly Glu Leu
430

Ser Ile

Gin Pro Ser Leu Asn Ala Ile Leu Ile Pro Pro His Leu Arg Ser Pro
435 440 445

Ala Gly Thr Thr Thr Leu Thr Pro Ser Ser Gin Ala Leu Thr Glu Thr
450 455 460

Pro Thr Ser Ser Asp Trp Gin Ser Thr Asp Ala Thr Pro Thr Leu Thr
465 470 475 480
Asn Ser Ser

• ··• · · ·

<210> 6
<211> 420
<212> PRT 
<213> Homo sapiens
<400> 6
Met Ser Gly Arg Pro Arg Thr Thr Ser Phe Ala Glu Ser Cys Lys Pro
1 5 10 15
Val Gin Gin Pro Ser Ala Phe Gly Ser Met Lys Val Ser Arg Asp Lys

20 25 30
Asp Gly Ser Lys Val Thr Thr Val Val Ala Thr Pro Gly Gin Gly Pro

35 40 45
Asp Arg Pro Gin Glu Val Ser Tyr Thr Asp Thr Lys Val Ile Gly Asn

50 55 60
Gly Ser Phe Gly Val Val Tyr Gin Ala Lys Leu Cys Asp Ser Gly Glu
65 70 75 80
Leu Val Ala Ile Lys Lys Val Leu Gin Asp Lys Arg Phe Lys Asn Arg

85 90 95
Glu Leu Gin Ile Met Arg Lys Leu Asp His Cys Asn Ile Val Arg Leu

100 105 110
Arg Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Val Tyr Leu

115 120 125
Asn Leu Val Leu Asp Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg

130 135 140
His Tyr Ser Arg Ala Lys Gin Thr Leu Pro Val Ile Tyr Val Lys Leu
145 150 155 160
Tyr Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr Ile His Ser Phe Gly

165 170 175
Ile Cys His Arg Asp Ile Lys Pro Gin Asn Leu Leu Leu Asp Pro Asp

180 185 190
Thr Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val

195 200 205
Arg Gly Glu Pro Asn Val Ser Tyr Ile Cys Ser Arg Tyr Tyr Arg Ala

210 215 220
Pro Glu Leu Ile Phe Gly Ala Thr Asp Tyr Thr Ser Ser Ile Asp Val
225 230 235 240
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Trp Ser Ala Gly Cys
245

Val

Phe Pro Gly Asp
260

Ser Gly

Leu Gly Thr
275

Pro Thr Arg

Thr Glu
290

Phe Lys Phe Pro

Phe
305

Arg Pro Arg Thr Pro
310

Leu Glu Tyr Thr Pro
325

Thr

His Ser Phe Phe
340

Asp Glu
• · · ·• · ·• · ·

• ··• · ·
Gly Arg Asp

355
Thr Pro Ala

• · · ·
•

• ·
• · · ·

Ser Asn
370

Pro Pro Leu Ala
• · ·• · ·
• · ·• · ·• · · Gin

385
Ala Ala Ala Ser Thr

390

• · ·• · ·• · ·
Asn Thr Gly Asp Arg

405
Gly

• · · ·• ·• · · · Ser Asn Ser Thr
420

• · · ·• · ·• ·

• · ·

<210> ' 
<211> ■ 
<212> :

7
420
PRT• · ·• · · <213> 1Homo sapiens

• · ·• · ·• · · <400> 7
Met
1

Ser Gly Arg Pro
5

Arg

Val Gin Gin Pro
20

Ser Ala

Asp Gly Ser
35

Lys Val Thr

Asp Arg
50

Pro Gin Glu Val

Gly
65

Ser Phe Gly Val Val
70

Leu Val Ala He Lys
85

Lys

Glu Leu Gin lie
100

Met Arg

Arg Tyr Phe
115

Phe Tyr Ser

Leu Ala Glu Leu
250

Leu Leu Gly Gin Pro
255

He

Val Asp Gin
265

Leu Val Glu He He
270

Lys Val

Glu Gin
280

He Arg Glu Met Asn
285

Pro Asn Tyr

Gin
295

He Lys Ala His Pro
300

Trp Thr Lys Val

Pro Glu Ala He Ala
315

Leu Cys Ser Arg Leu
320

Ala Arg Leu Thr
330

Pro Leu Glu Ala Cys
335

Ala

Leu Arg Asp
345

Pro Asn Val Lys His
350

Pro Asn

Leu Phe
360

Asn Phe Thr Thr Gin
365

Glu Leu Ser

Thr
375

lie Leu He Pro Pro
380

His Ala Arg lie

Pro Thr Asn Ala Thr
395

Ala Ala Ser Asp Ala
400

Gin Thr Asn Asn
410

Ala Ala Ser Ala Ser
415

Ala

Thr Thr Ser Phe
10

Ala Glu Ser Cys Lys
15

Pro

Phe Gly Ser
25

Met Lys Val Ser Arg
30

Asp Lys

Thr Val
40

Val Ala Thr Pro Gly
45

Gin Gly Pro

Ser
55

Tyr Thr Asp Thr Lys
60

Val He Gly Asn

Tyr Gin Ala •Lys Leu
75

Cys Asp Ser Gly Glu
80

Val Leu Gin Asp
90

Lys Arg Phe Lys Asn
95

Arg

Lys Leu Asp
105

His Cys Asn lie Val
110

Arg Leu

Ser Gly
120

Glu Lys Lys Asp Glu
125

Val Tyr Leu
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Asn Leu 
130

Val Leu Asp Tyr Val 
135

Pro Glu Thr Val Tyr Arg 
140

Val Ala Arg

His Tyr Ser Arg Ala Lys Gin Thr Leu Pro Val He Tyr Val Lys Leu
145 150 155 160

Tyr Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr lie His Ser Phe Gly
165 170 175

He Cys His Arg Asp He Lys Pro Gin Asn Leu Leu Leu Asp Pro Asp
180 185 190

Thr Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val
195 200 205

Arg Gly Glu Pro Asn Val Ser Tyr lie Cys Ser Arg Tyr Tyr Arg Ala
210 215 220

Pro Glu Leu lie Phe Gly Ala Thr Asp Tyr Thr Ser Ser lie Asp Val
225 230 235 240

• · · ·• · ·• · · Trp Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro He• ··• · ·• · · · 245 250 255
• Phe . Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu lie He Lys Val

• · · ·• · · 260 265 270
• · ·
• · · Leu Gly Thr Pro Thr Arg Glu Gin He Arg Glu Met Asn Pro Asn Tyr
• · · 275 280 285

Thr Glu Phe Lys Phe Pro Gin He Lys Ala His Pro Trp Thr Lys Val• · ·• · ·• · · 290 295 300
• · · ·• ·• · · · Phe Arg Pro Arg Thr Pro Pro Glu Ala He Ala Leu Cys Ser Arg Leu

305 310 315 320
• · · ·• · · Leu Glu Tyr Thr Pro Thr Ala Arg Leu Thr Pro Leu Glu Ala Cys Ala• · 325 330 335

• · · His Ser Phe Phe Asp Glu Leu Arg Asp Pro Asn Val Lys His Pro Asn• · ·• · · 340 345 350
·· ·• · ·• · · Gly Arg Asp Thr Pro Ala Leu Phe Asn Phe Thr Thr Gin Glu Leu Ser

355 360 365
Ser Asn Pro Pro Leu Ala Thr He Leu He Pro Pro His Ala Arg He

370 375 380
Gin Ala Ala Ala Ser Thr Pro Thr Asn Ala Thr Ala Ala Ser Asp Ala
385 390 395 400
Asn Thr Gly Asp Arg Gly Gin Thr Asn Asn Ala Ala Ser Ala Ser Ala

405 410 415
Ser Asn Ser Thr 

420

<210> 8
<211> 420
<212> PRT
<213> Homo sapiens
<400> 8
Met Ser Gly Arg Pro Arg Thr Thr Ser Phe Ala Glu Ser Cys Lys Pro 
15 10 15
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Val Gin Gin Pro
20

Ser Ala Phe Gly Ser
25

Met Lys Val Ser Arg
30

Asp Lys

Asp Gly Ser Lys Val Thr Thr Val Val Ala Thr Pro Gly Gin Gly Pro
35 40 45

Asp Arg Pro Gin Glu Val Ser Tyr Thr Asp Thr Lys Val He Gly Asn
50 55 60

Gly Ser Phe Gly Val Val Tyr Gin Ala Lys Leu Cys Asp Ser Gly Glu
65 70 75 80
Leu Val Ala lie Lys Lys Val Leu Gin Asp Lys Arg Phe Lys Asn Arg

85 90 95
Glu Leu Gin He Met Arg Lys Leu Asp His Cys Asn lie Val Arg Leu

100 105 no
Arg Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Val Tyr Leu

115 120 125
• · · ·• · ·• · · Asn Leu Val Leu Asp Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg• ··* · ·• · · · 130 135 140

• His Tyr Ser Arg Ala Lys Gin Thr Leu Pro Val He Tyr Val Lys Leu• * * w
····• · · 145 150 155 160
• · ·
• · · Tyr Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr lie His Ser Phe Gly• · ·• · · 165 170 175

He Cys His Arg Asp He Lys Pro Gin Asn Leu Leu Leu Asp Pro Asp• · ·• · ·• · · 180 185 190
• · · ·• ····· Thr Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val

195 200 205
• · · ·• · · Arg Gly Glu Pro Asn Val Ser Tyr He Cys Ser Arg Tyr Tyr Arg Ala• · 210 215 220

• · · Pro Glu Leu He Phe Gly Ala Thr Asp Tyr Thr Ser Ser lie Asp Val• · ·• · · 225 230 235 240
·· ·• · ·• · · Trp Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro He

245 250 255
Phe Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu lie He Lys Val

260 265 270
Leu Gly Thr Pro Thr Arg Glu Gin He Arg Glu Met Asn Pro Asn Tyr

275 280 285
Thr Glu Phe Lys Phe Pro Gin He Lys Ala His Pro Trp Thr Lys Val

290 295 300
Phe Arg Pro Arg Thr Pro Pro Glu Ala lie Ala Leu Cys Ser Arg Leu
305 310 315 320

Leu Glu Tyr Thr Pro Thr Ala Arg Leu Thr Pro Leu Glu Ala Cys Ala
325 330 335

His Ser Phe Phe Asp Glu Leu Arg Asp Pro Asn Val Lys His Pro Asn
340 345 350

Gly Arg Asp Thr Pro Ala Leu Phe Asn Phe Thr Thr Gin Glu Leu Ser
355 360 365
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Ser Asn Pro 
370

Pro Leu Ala Thr lie Leu He Pro 
375

Pro His Ala 
380

Arg He

Gin Ala Ala 
385

Ala Ser Thr Pro Thr Asn Ala Thr 
390 395

Ala Ala Ser Asp Ala
400

Asn Thr Gly Asp Arg Gly Gin Thr Asn Asn Ala 
405 410

Ala Ser Ala Ser Ala
415

Ser Asn Ser Thr
420

<210> 9
<211> 2170
<212> DNA 
<213> Homo sapiens
<400> 9
gccagagcgg cgcggcctgg aagaggccag ggcccggggg aggcggcggc agcggcggcg 60

gctggggcag cccgggcagc ccgagccccg cagcctgggc ctgtgctcgg cgccatgagc 120

ggcggcgggc cttcgggagg cggccctggg ggctcgggca gggcgcggac tagctcgttc 180

gcggagcccg gcggcggagg cggaggaggc ggcggcggcc ccggaggctc ggcctccggc 240

ccaggcggca ccggcggcgg aaaggcatct gtcggggcca tgggtggggg cgtcggggcc 300

tcgagctccg ggggtggacc cggcggcagc ggcggaggag gcagcggagg ccccggcgca 360

ggcactagct tcccgccgcc cggggtgaag ctgggccgtg acagcgggaa ggtgaccaca 420

gtcgtagcca ctctaggcca aggcccagag cgctcccaag aagtggctta cacggacatc 480

aaagtgattg gcaatggctc atttggggtc gtgtaccagg cacggctggc agagaccagg 540

gaactagtcg ccatcaagaa ggttctccag gacaagaggt tcaagaaccg agagctgcag 600

atcatgcgta agctggacca ctgcaatatt gtgaggctga gatacttttt ctactccagt 660

ggcgagaaga aagacgagct ttacctaaat ctggtgctgg aatatgtgcc cgagacagtg 720

taccgggtgg cccgccactt caccaaggcc aagttgacca tccctatcct ctatgtcaag 780

gtgtacatgt accagctctt ccgcagcttg gcctacatcc actcccaggg cgtgtgtcac 840

cgcgacatca agccccagaa cctgctggtg gaccctgaca ctgctgtcct caagctctgc 900

gattttggca gtgcaaagca gttggtccga ggggagccca atgtctccta catctgttct 960

cgctactacc gggccccaga gctcatcttt ggagccactg attacacctc atccatcgat 1020

gtttggtcag ctggctgtgt actggcagag ctcctcttgg gccagcccat cttccctggg 1080

gacagtgggg tggaccagct ggtggagatc atcaaggtgc tgggaacacc aacccgggaa 1140

caaatccgag agatgaaccc caactacacg gagttcaagt tccctcagat taaagctcac 1200

ccctggacaa aggtgttcaa atctcgaacg ccgccagagg ccatcgcgct ctgctctagc 1260

ctgctggagt acaccccatc ctcaaggctc tccccactag aggcctgtgc gcacagcttc 1320

tttgatgaac tgcgatgtct gggaacccag ctgcctaaca accgcccact tccccctctc 1380

ttcaacttca gtgctggtga actctccatc caaccgtctc tcaacgccat tcttatccct 1440



14

cctcacttga ggtccccagc gggcactacc accctcaccc cgtcctcaca agctttaact 1500
gagactccga ccagctcaga ctggcagtcg accgatgcca cacctaccct cactaactcc 1560
tcctgagggc cccaccaagc acccttccac ttccatctgg gagccccaag aggggctggg 1620
aaggggggcc atagcccatc aagctcctgc cctggctggg cccctagact agagggcaga 1680
ggtaaatgag tccctgtccc cacctccagt ccctccctca ccagcctcac ccctgtggtg 1740

ggctttttaa gaggatttta actggttgtg gggagggaag agaaggacag ggtgttgggg 1800

ggatgaggac ctcctacccc cttggccccc tcccctcccc cagacctcca cctcctccag 1860

accccctccc ctcctgtgtc ccttgtaaat agaaccagcc cagcccgtct cctcttccct 1920

tccctggccc ccgggtgtaa atagattgtt ataatttttt tcttaaagaa aacgtcgatt 1980

cgcaccgtcc aacctggccc cgcccctcct acagctgtaa ctcccctcct gtcctctgcc 2040

cccaaggtct actccctcct caccccaccc tggagggcca ggggagtgga gagagctcct 2100

gatgtcttag tttccacagt aaggtttgcc tgtgtacaga cctccgttca ataaattatt 2160

ggcatgaaaa 2170

<210> 10
<211> 483
<212> PRT
<213> Homo sapiens
<400> 10
Met
1

Ser Gly Gly Gly
5

Pro Ser Gly Gly Gly
10

Pro Gly Gly Ser Gly
15

Arg

Ala Arg Thr Ser
20

Ser Phe Ala Glu Pro
25

Gly Gly Gly Gly Gly
30

Gly Gly

Gly Gly Gly
35

Pro Gly Gly Ser Ala
40

Ser Gly Pro Gly Gly
45

Thr Gly Gly

Gly Lys
50

Ala Ser Val Gly Ala
55

Met Gly Gly Gly Val
60

Gly Ala Ser Ser

Ser
65

Gly Gly Gly Pro Gly
70

Gly Ser Gly Gly Gly
75

Gly Ser Gly Gly Pro
80

Gly Ala Gly Thr Ser
85

Phe Pro Pro Pro Gly
90

Val Lys Leu Gly Arg
95

Asp

Ser Gly Lys Val
100

Thr Thr Val Val Ala
105

Thr Leu Gly Gin Gly
110

Pro Glu

Arg Ser Gin
115

Glu Val Ala Tyr Thr
120

Asp He Lys Val He
125

Gly Asn Gly

Ser Phe
130

Gly Val Val Tyr Gin
135

Ala Arg Leu Ala Glu
140

Thr Arg Glu Leu

Val
145

Ala He Lys Lys Val
150

Leu Gin Asp Lys Arg
155

Phe Lys Asn Arg Glu
160

Leu Gin lie Met Arg
165

Lys Leu Asp His Cys
170

Asn He Val Arg Leu
175

Arg

Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Leu Tyr Leu Asn
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180 185 190
Leu Val Leu Glu Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg His

195 200 205
Phe Thr Lys Ala Lys Leu Thr lie Pro lie Leu Tyr Val Lys Val Tyr

210 215 220

Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr He His Ser Gin Gly Val
225 230 235 240

Cys His Arg Asp lie Lys Pro Gin Asn Leu Leu Val Asp Pro Asp Thr
245 250 255

Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val Arg
260 265 270

Gly Glu Pro Asn Val Ser Tyr He Cys Ser Arg Tyr Tyr Arg Ala Pro
275 280 285

Glu Leu He Phe Gly Ala Thr Asp Tyr Thr Ser Ser He Asp Val Trp
····

• · ·
290 295 300

• · ·
• ·· Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro He Phe
• · ·
• · · ·

•
305 310 315 320

• · Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu lie He Lys Val Leu
• · · ·

• · ·
·· ·

325 330 335
• · ·

• · ·
• · · Gly Thr Pro Thr Arg Glu Gin He Arg Glu Met Asn Pro Asn Tyr Thr

340 345 350
• · ·

• · · Glu Phe Lys Phe Pro Gin He Lys Ala His Pro Trp Thr Lys Val Phe
• · ·
• · · ·

355 360 365
• ©
• · · · Lys Ser Arg Thr Pro Pro Glu Ala He Ala Leu Cys Ser Ser Leu Leu

370 375 380
• · · ·
• · ·
• · Glu Tyr Thr Pro Ser Ser Arg Leu Ser Pro Leu Glu Ala Cys Ala His

385 390 395 400
• · ·

• · · Ser Phe Phe Asp Glu Leu Arg Cys Leu Gly Thr Gin Leu Pro Asn Asn
• · ·
• · · 405 410 415
• · · Arg Pro Leu Pro Pro Leu Phe Asn Phe Ser Ala Gly Glu Leu Ser He

420 425 430

Gin Pro Ser Leu Asn Ala He Leu lie Pro Pro His Leu Arg Ser Pro
435 440 445

Ala Gly Thr Thr Thr Leu Thr Pro Ser Ser Gin Ala Leu Thr Glu Thr
450 455 460

Pro Thr Ser Ser Asp Trp Gin Ser Thr Asp Ala Thr Pro Thr Leu Thr
465 470 475 480

Asn Ser Ser

<210> 11
<211> 2169
<212> DNA
<213> Homo sapiens
<400> 11
gccagagcgg cgcggcctgg aagaggccag ggcccggggg aggcgacggc agcggcggcg 60
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gctggggcag cccgggcagc ccgagccccg cagcctgggc ctgtgctcgg cgccatgagc 120
ggcggcgggc cttcgggagg cggccctggg ggctcgggca gggcgcggac tagctcgttc 180
gcggagcccg gcggcggagg cggaggaggc ggcggcggcc ccggaggctc ggcctccggc 240
ccaggcggca ccggcggcgg aaaggcatct gtcggggcca tgggtggggg cgtcggggcc 300

tcgagctccg ggggtggacc cggcggcagc ggcggaggag gcagcggagg ccccggcgca 360
ggcactagct tcccgccgcc cggggtgaag ctgggccgtg acagcgggaa ggtgaccaca 420
gtcgtagcca ctctaggcca aggcccagag cgctcccaag aagtggctta cacggacatc 480
aaagtgattg gcaatggctc atttggggtc gtgtaccagg cacggctggc agagaccagg 540
gaactagtcg ccatcaagaa ggttctccag gacaagaggt tcaagaaccg agagctgcag 600
atcatgcgta agctggacca ctgcaatatt gtgaggctga gatacttttt ctactccagt 660

ggcgagaaga aagacgagct ttacctaaat ctggtgctgg aatatgtgcc cgagacagtg 720

taccgggtgg cccgccactt caccaaggcc aagttgacca tccctatcct ctatgtcaag 780

gtgtacatgt accagctctt ccgcagcttg gcctacatcc actcccaggg cgtgtgtcac 840

cgcgacatca agccccagaa cctgctggtg gaccctgaca ctgctgtcct caagctctgc 900

gattttggca gtgcaaagca gttggtccga ggggagccca atgtctccta catctgttct 960
cgctactacc gggccccaga gctcatcttt ggagccactg attacacctc atccatcgat 1020

gtttggtcag ctggctgtgt actggcagag ctcctcttgg gccagcccat cttccctggg 1080

gacagtgggg tggaccagct ggtggagatc atcaaggtgc tgggaacacc aacccgggaa 1140

caaatccgag agatgaaccc caactacacg gagttcaagt tccctcagat taaagctcac 1200

ccctggacaa aggtgttcaa atctcgaacg ccgccagagg ccatcgcgct ctgctctagc 1260

ctgctggagt acaccccatc ctcaaggctc tccccactag aggcctgtgc gcacagcttc 1320

tttgatgaac tgcgatgtct gggaacccag ctgcctaaca accgcccact tccccctctc 1380

ttcaacttca gtgctggtga actctccatc caaccgtctc tcaacgccat tctcatccct 1440
cctcacttga ggtcccccag cggcactacc accctcaccc cgtcctcaca agctttaact 1500
gagactccga ccagctcaga ctggcagtcg accgatgcca cacctaccct cactaactcc 1560
tcctgagggc cccaccaagc acccttccac ttccatctgg gagccccaag agggcgtggg 1620
aaggggggcc atagcccatc aagctcctgc cctggctggg cccctagact agagggcaga 1680

ggtaaatgag tccctgtccc cacctccagt ccctccctca ccagcctcac ccctgtggtg 1740
ggctttttaa gaggatttta actggttgtg gggagggaag agaaggacag ggtgttgggg 1800
ggatgaggac ctcctacccc cttggccccc tcccctcccc cagacctcca cctcctccag 1860
accccctccc ctcctgtgtc ccttgtaaat agaaccagcc cagcccgtct cctcttccct 1920
tccctggccc ccgggtgtaa atagattgtt ataatttttt tcttaaagaa aacgtcgatt 1980
cgcaccgtcc aacctgcccc gcccctccta cagctgtaac tcccctcctg tcctctgccc 2040
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ccaaggtcta ctccctcctc accccaccct ggagggccag gggagtggag agagctcctg 

atgtcttagt ttccacagta aggtttgcct gtgtacagac ctccgttcaa taaattattg 
gcatgaaaa

<210> 12
<211> 483
<212> PRT

2100
2160
2169

<213> Homo sapiens
<400> 12
Met Ser Gly
1

Gly Gly Pro Ser Gly Gly Gly Pro Gly Gly Ser Gly Arg
5 10 15

Ala Arg Thr Ser Ser Phe Ala Glu Pro Gly Gly Gly Gly Gly Gly Gly 
20 25 30

Gly Gly Gly 
35

Pro Gly Gly Ser Ala Ser Gly Pro Gly Gly Thr Gly Gly 
40 45

• · · ·• · ·• · ·
• · ·

Gly Lys Ala 
50

Ser Val Gly Ala Met Gly Gly Gly Val Gly Ala Ser Ser 
55 60• · ·• · · ·

•
• · Ser Gly Gly 

65
Gly Pro Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Pro 

70 75 80····1* « A
■·· ·

• · ·• · ·• · ·
Gly Ala Gly Thr Ser Phe Pro Pro Pro Gly Val Lys Leu Gly Arg Asp 

85 90 95

• · ·• · ·• · ·
Ser Gly Lys Val Thr Thr Val Val Ala Thr Leu Gly Gin Gly Pro Glu 

100 105 110
····• ····· Arg Ser Gin 

115
Glu Val Ala Tyr Thr Asp He Lys Val He Gly Asn Gly 

120 125
• · · ·• · ·• ·

Ser Phe Gly 
130

Val Val Tyr Gin Ala Arg Leu Ala Glu Thr Arg Glu Leu 
135 140

• ··• · ·• ··
Val Ala lie 
145

Lys Lys Val Leu Gin Asp Lys Arg Phe Lys Asn Arg Glu 
150 155 160

·· ·• · ·• · · Leu Gin He Met Arg Lys Leu Asp His Cys Asn He Val Arg Leu Arg 
165 170 175

Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Leu Tyr Leu Asn 
180 185 190

Leu Val Leu 
195

Glu Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg His 
200 205

Phe Thr Lys 
210

Ala Lys Leu Thr He Pro He Leu Tyr Val Lys Val Tyr 
215 220

Met Tyr Gin 
225

Leu Phe Arg Ser Leu Ala Tyr He His Ser Gin Gly Val 
230 235 240

Cys His Arg Asp He Lys Pro Gin Asn Leu Leu Val Asp Pro Asp Thr 
245 250 255

Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val Arg 
260 265 270

Gly Glu Pro 
275

Asn Val Ser Tyr He Cys Ser Arg Tyr Tyr Arg Ala Pro 
280 285
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Glu Leu
290

He Phe Gly Ala Thr
295

Asp Tyr Thr Ser Ser
300

He Asp Val Trp

Ser
305

Ala Gly Cys Val Leu
310

Ala Glu Leu Leu Leu
315

Gly Gin Pro He Phe
320

Pro Gly Asp Ser Gly
325

Val Asp Gin Leu Val
330

Glu He He Lys Val
335

Leu

Gly Thr Pro Thr
340

Arg Glu Gin Xie Arg
345

Glu Met Asn Pro Asn
350

Tyr Thr

Glu Phe Lys
355

Phe Pro Gin lie Lys
360

Ala His Pro Trp Thr
365

Lys Val Phe

Lys Ser
370

Arg Thr Pro Pro Glu
375

Ala He Ala Leu Cys
380

Ser Ser Leu Leu

Glu
385

Tyr Thr Pro Ser Ser
390

Arg Leu Ser Pro Leu
395

Glu Ala Cys Ala His
400

• · · ·
9 · ·
• · ·

Ser Phe Phe Asp Glu
405

Leu Arg Cys Leu Gly
410

Thr Gin Leu Pro Asn
415

Asn

• ·Μ ·
• ttt

•
• ·

Arg Pro Leu Pro
420

Pro Leu Phe Asn Phe
425

Ser Ala Gly Glu Leu
430

Ser He

• · · ·
• · ·
• · ·
» · ·

• · ·

Gin Pro Ser
435

Leu Asn Ala He Leu
440

He Pro Pro His Leu
445

Arg Ser Pro

• · ·

• · ·

Ser Gly
450

Thr Thr Thr Leu Thr
455

Pro Ser Ser Gin Ala
460

Leu Thr Glu Thr

• · ·
• · ·
• · · ·

• ·

Pro
465

Thr Ser Ser Asp Trp
470

Gin Ser Thr Asp Ala
475

Thr Pro Thr Leu Thr
480

Asn Ser Ser

<210> 13
<211> 1389
<212> DNA
<213> Homo sapiens
<400> 13
ggagaaggaa ggaaaaggtg attcgcgaag agagtgatca tgtcagggcg gcccagaacc
acctcctttg cggagagctg caagccggtg cagcagcctt cagcttttgg cagcatgaaa

gttagcagag acaaggacgg cagcaaggtg acaacagtgg tggcaactcc tgggcagggt

ccagacaggc cacaagaagt cagctataca gacactaaag tgattggaaa tggatcattt

ggtgtggtat atcaagccaa actttgtgat tcaggagaac tggtcgccat caagaaagta

ttgcaggaca agagatttaa gaatcgagag ctccagatca tgagaaagct agatcactgt

aacatagtcc gattgcgtta tttcttctac tccagtggtg agaagaaaga tgaggtctat

cttaatctgg tgctggacta tgttccggaa acagtataca gagttgccag acactatagt

cgagccaaac agacgctccc tgtgatttat gtcaagttgt atatgtatca gctgttccga

agtttagcct atatccattc ctttggaatc tgccatcggg atattaaacc gcagaacctc

ttgttggatc ctgatactgc tgtattaaaa ctctgtgact ttggaagtgc aaagcagctg

60
120
180
240

300
360
420
480
540
600
660
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····

gtccgaggag aacccaatgt ttcgtatatc tgttctcggt actatagggc accagagttg 720
atctttggag ccactgatta tacctctagt atagatgtat ggtctgctgg ctgtgtgttg 780
gctgagctgt tactaggaca accaatattt ccaggggata gtggtgtgga tcagttggta 840
gaaataatca aggtcctggg aactccaaca agggagcaaa tcagagaaat gaacccaaac 900
tacacagaat ttaaattccc tcaaattaag gcacatcctt ggactaaggt cttccgaccc 960
cgaactccac cggaggcaat tgcactgtgt agccgtctgc tggagtatac accaactgcc 1020
cgactaacac cactggaagc ttgtgcacat tcattttttg atgaattacg ggacccaaat 1080
gtcaaacatc caaatgggcg agacacacct gcactcttca acttcaccac tcaagaactg 1140
tcaagtaatc cacctctggc taccatcctt attcctcctc atgctcggat tcaagcagct 1200
gcttcaaccc ccacaaatgc cacagcagcg tcagatgcta atactggaga ccgtggacag 1260
accaataatg ctgcttctgc atcagcttcc aactccacct gaacagtccc gacgagccag 1320
ctgcacagga aaaaccacca gttacttgag tgtcactcag caacactggt cacgtttgga 1380
aagaatatt 1389

• · · <210> 14
<211> 420
<212> PRT
<213> Homo sapiens
<400> 14• · · · Met
1

Ser Gly Arg Pro
5

Arg Thr Thr Ser Phe
10

Ala Glu Ser Cys Lys
15

Pro

Val Gin Gin Pro Ser Ala Phe Gly Ser Met Lys Val Ser Arg Asp Lys
20 25 30

Asp Gly Ser Lys Val Thr Thr Val Val Ala Thr Pro Gly Gin Gly Pro
35 40 45

Asp Arg Pro Gin Glu Val Ser Tyr Thr Asp Thr Lys Val He Gly Asn
50 55 60

Gly Ser Phe Gly Val Val Tyr Gin Ala Lys Leu Cys Asp Ser Gly Glu
65 70 75 80
Leu Val Ala lie Lys Lys Val Leu Gin Asp Lys Arg Phe Lys Asn Arg

85 90 95
Glu Leu Gin He Met Arg Lys Leu Asp His Cys Asn lie Val Arg Leu

100 105 110
Arg Tyr Phe Phe Tyr Ser Ser Gly Glu Lys Lys Asp Glu Val Tyr Leu

115 120 125
Asn Leu Val Leu Asp Tyr Val Pro Glu Thr Val Tyr Arg Val Ala Arg

130 135 140
His Tyr Ser Arg Ala Lys Gin Thr Leu Pro Val lie Tyr Val Lys Leu
145 150 155 160
Tyr Met Tyr Gin Leu Phe Arg Ser Leu Ala Tyr lie His Ser Phe Gly

165 170 175
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lie Cys His Arg
180

Asp lie Lys Pro Gin Asn Leu 
185

Leu Leu Asp
190

Pro Asp

Thr Ala Val Leu Lys Leu Cys Asp Phe Gly Ser Ala Lys Gin Leu Val
195 200 205

Arg Gly Glu Pro Asn Val Ser Tyr He Cys Ser Arg Tyr Tyr Arg Ala
210 215 220

Pro Glu Leu He Phe Gly Ala Thr Asp Tyr Thr Ser Ser He Asp Val
225 230 235 240
Trp Ser Ala Gly Cys Val Leu Ala Glu Leu Leu Leu Gly Gin Pro He

245 250 255
Phe Pro Gly Asp Ser Gly Val Asp Gin Leu Val Glu lie lie Lys Val

260 265 270
Leu Gly Thr Pro Thr Arg Glu Gin lie Arg Glu Met Asn Pro Asn Tyr

275 280 285
«···

* · · Thr Glu Phe Lys Phe Pro Gin lie Lys Ala His Pro Trp Thr Lys Val
·· ·

• ··
290 295 300

• · ·
···· Phe Arg Pro Arg Thr Pro Pro Glu Ala He Ala Leu Cys Ser Arg Leu

······
• · 305 310 315 320
···«

• · ·
·· · Leu Glu Tyr Thr Pro Thr Ala Arg Leu Thr Pro Leu Glu Ala Cys Ala
·· ·

• · ·
• c ·

325 330 335
His Ser Phe Phe Asp Glu Leu Arg Asp Pro Asn Val Lys His Pro Asn

·· ·
« · ·

340 345 350
• ··
··· · Gly Arg Asp Thr Pro Ala Leu Phe Asn Phe Thr Thr Gin Glu Leu Ser

• ·
···· 355 360 365

Ser Asn Pro Pro Leu Ala Thr He Leu He Pro Pro His Ala Arg He
·· ··
• · ·
• ·

370 375 380
Gin Ala Ala Ala Ser Thr Pro Thr Asn Ala Thr Ala Ala Ser Asp Ala

• ··
» · ·

385 390 395 400
• · ·
·· · Asn Thr Gly Asp Arg Gly Gin Thr Asn Asn Ala Ala Ser Ala Ser Ala
• ··

Ser Asn Ser Thr
405 410 415

420
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Claims

1. A method for inhibiting angiogenesis comprising:

administering to a subject in need of such treatment an angiogenesis inhibitor selected

from the group consisting of: (1) an active GSK3 molecule, and (2) an GSK3 kinase

5 activator;

wherein the angiogenesis inhibitor is administered in an amount effective to inhibit 

angiogenesis in the subject.

2. The method of claim 1, wherein the subject is diagnosed as having a condition

.... 10 associated with excessive endothelial cell proliferation.• · ·• · ·
• · ·• · ·• · · ·
....... ; 3. The method of claim 1, wherein the subject does not have a condition calling for• ·
• ’1’. treatment with an AkT inhibitor or agent that downregulates expression of an AkT molecule

. · · I·
·.’.“ in the subject.

4. The method of claim 1, wherein the angiogenesis inhibitor is administered acutely.• ·• · · ·

j*.". 5. The method of claim 1, wherein the angiogenesis inhibitor is an active GSK3

molecule (e.g., an active GSK3 nucleic acid molecule, an active GSK3 polypeptide
• · ·

*·’··* 20 molecule).

6. The method of claim 1, wherein the angiogenesis inhibitor is a GSK3 kinase activator.

7. The method of claim 1, wherein the angiogenesis inhibitor is a GSK3 kinase activator 

25 that induces or maintains an active confirmation in a GSK3 polypeptide.

8. A method for enhancing angiogenesis comprising:

administering to a subject in need of such treatment an angiogenesis promoter 

selected from the group consisting of: (1) an inactive GSK3 molecule, and (2) a GSK3 kinase 

inhibitor;

30 wherein the angiogenesis promoter is administered in an amount effective to enhance

angiogenesis in the subject.



-53-

9. The method of claim 8, wherein the subject is diagnosed as having a condition 

selected from the group consisting of: myocardial infarction, ischemia-reperfusion injury, 

dilated cardiomyopathy, and conductive system disorders.

5 10. The method of claim 8, wherein the subject does not have a condition calling for

treatment with an AkT molecule or molecule that upregulates expression of an AkT molecule 

in the subject.

11. The method of claim 8, wherein the angiogenesis promoter is administered acutely.

0

12. The method of claim 8, wherein the angiogenesis promoter is an inactive GSK3 

molecule (e.g., an inactive GSK3 nucleic acid molecule, an inactive GSK3 polypeptide 

molecule).

15 13. The method of claim 8, wherein the angiogenesis promoter is a GSK3 kinase

inhibitor.

14. The method of claim 8, wherein the angiogenesis promoter is a GSK3 kinase inhibitor 

selected from the group consisting of: a substrate analog and an allosteric effector analog.

20

15. A method for inhibiting an endothelial cell activity, comprising:

Contacting an endothelial cell with an angiogenesis inhibitor under conditions and in 

an amount that permit the angiogenesis inhibitor to enter the endothelial cell and inhibit an 

endothelial cell activity.

25

16. The method of claim 15, wherein the endothelial cell activity is endothelial cell 

survival.

17. The method of claim 15, wherein the endothelial cell activity is endothelial cell 

30 migration.

18. The method of claim 15, wherein the contacting is performed in vitro.

19. The method of claim 15, wherein the contacting is performed in vivo.
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20. The method of claim 15, wherein the angiogenesis inhibitor is an active GSK3 

molecule (e.g., an active GSK3 nucleic acid molecule, an active GSK3 polypeptide 

molecule).

5

21. The method of claim 15, wherein the angiogenesis inhibitor is a GSK3 kinase 

activator.

22. The method of claim 15, wherein the angiogenesis inhibitor is a GSK3 kinase 

10 activator that induces or maintains an active confirmation in a GSK3 polypeptide.• · · ·• · ·• · ·
• · ·• · ·• · · ·
....... .  23. A method for enhancing an endothelial cell activity, comprising:

• ·
.··;·. Contacting an endothelial cell with an angiogenesis promoter under conditions and in

·’*·.· an amount that permit the angiogenesis promoter to enter the endothelial cell and enhance an

15 endothelial cell activity.• · ·• · ·• · ·
• · · ·• ·

24. The method of claim 23, wherein the endothelial cell activity is endothelial cell 

j·.··. survival.

• · ·
·.·..· 20 25. The method of claim 23, wherein the endothelial cell activity is endothelial cell

• · ·
’· ’·· migration.

26. The method of claim 23, wherein the contacting is performed in vitro.

25 27. The method of claim 23, wherein the contacting is performed in vivo.

28. The method of claim 23, wherein the angiogenesis promoter is an inactive GSK3

molecule (e.g., an inactive GSK3 nucleic acid molecule, an inactive GSK3 polypeptide 

molecule).

30

29. The method of claim 23, wherein the angiogenesis promoter is a GSK3 kinase 

inhibitor.
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30. A method for inhibiting apoptotic cell-death of an endothelial cell (e.g., vascular 

endothelial cell), comprising:

contacting an angiogenesis promoter selected from the group consisting of: (1) an 

inactive GSK3 molecule, and (2) a GSK3 kinase inhibitor with an endothelial cell under

5 conditions to permit entry of the angiogenesis promoter into the endothelial cell,

wherein the angiogenesis promoter is present in an amount effective to inhibit

apoptotic cell-death of the endothelial cell.

31. The method of claim 30, wherein the endothelial cell is part of a tissue or an organ to

10 be transplanted.» · · · r• ·»· ·
• ·• ·I · · ·

,...; 32. The method of claim 31, wherein the contacting of an angiogenesis promoter with an

*ϊ’. endothelial cell comprises acute administration of the angiogenesis promoter.
• ·• ·• ·

15 33. The method of claim 31, wherein the contacting of an angiogenesis promoter with an• ·• ·
..*· endothelial cell comprises prophylactic administration of the angiogenesis promoter.
• · ·

.··. 34. The method of claims 30-33, further comprising co-administering a growth factor.

• ·
*··’ 20 35. The method of claim 34, wherein the growth factor is VEGF.• ·• ·• ·

36. The method of claim 30, wherein the angiogenesis promoter is an inactive GSK3 

molecule (e.g., an inactive GSK3 nucleic acid molecule, an inactive GSK3 polypeptide 

molecule).

25

37. The method of claim 30, wherein the angiogenesis promoter is a GSK3 kinase 

inhibitor.
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38. A composition comprising:

an isolated active GSK3 nucleic acid molecule or an isolated inactive GSK3 nucleic 

acid molecule operably linked to a gene expression sequence, wherein the gene expression 

sequence permits expression of the active GSK3 nucleic acid molecule or of the inactive

5 GSK3 nucleic acid molecule in an endothelial cell (e.g., vascular endothelial cell), and

a vector associated with the active GSK3 nucleic acid molecule or the inactive GSK3

nucleic acid molecule.

39. The composition of claim 38, wherein the vector is an adenoviral vector.

10• · · ·• · ·
40· A method of screening for a GSK3 kinase modulator (activator or inhibitor) that

• · ·• * · ·
....... .  modulates (activates or inhibits) an endothelial cell activity, comprising:

• ·
.··;·. (a) contacting a test molecule with an endothelial cell under conditions to permit

·*’·.· entry of the test molecule into the cell; and

15 (b) determining whether the test molecule modulates an endothelial cell activity (e.g.,
• · ·• · ·
• ·· survival, migration, angiogenesis);

• ·
wherein an increase in an endothelial cell activity in the presence of the test molecule

j·.··. indicates that the test molecule is a GSK3 kinase inhibitor and wherein a decrease in an
• ·

endothelial cell activity in the presence of the test molecule indicates that the test molecule is 

·.·..· 20 a GSK3 kinase activator.

41. The method of claim 40, wherein the screening is performed in vitro.

42. The method of claim 40, wherein the screening is performed in vivo.

25 43. The method of claim 40, wherein the test molecule is obtained from a library of

molecules.

44. A method for treating a condition associated with increased apoptotic cell-death of 

vascular endothelial cells, comprising:

30 administering to a subject in need of such treatment an angiogenesis promoter in an

amount effective to inhibit increased apoptotic cell-death of vascular endothelial cells.
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45. The method of claim 44, wherein the angiogenesis promoter is an inactive GSK3 

molecule (e.g., an inactive GSK3 nucleic acid molecule, an inactive GSK3 polypeptide 

molecule).

5 46. The method of claim 44, wherein the condition is characterized by lesions of a blood

vessel wall.

47. The method of claim 44, wherein the subject is hyperlipidemic.

10 48. A method for inhibiting angiogenesis substantially as herein described.
• · ·• · ·
• · ·
• · 9

9 9 9 9

....... j 49. A method for enhancing angiogenesis substantially as herein described.• ·
• · · ·

» · 9
• 9 9

9 9 9

50. A method for inhibiting an endothelial cell activity substantially as herein described.

15• · ·• ·
I..’’ 51. A method for enhancing an endothelial cell activity substantially as herein described.
• · · ·

*.··. 52. A method for inhibiting apoptotic cell death of an endothelial cell substantially as

herein described.
• · ·

20
• · ·• ·
• ·· 53. A composition substantially as herein described.

54. A method of screening for GSK3 kinase modulator (activator or inhibitor) that

modulates (activates or inhibits) an endothelial cell activity substantially as herein

25 described.

55. A method for treating a condition associated with increased apoptotic cell death of 

vascular endothelial cells substantially as herein described.


