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(57) ABSTRACT 

This invention relates to methods and compositions for the 
treatment of conditions associated With vascular insuf? 
ciency, and to methods and compositions for screening 
assays to select agents that are useful for this purpose. In 
particular the invention relates to HMG CoA reductase 
inhibitors and their use in promoting angiogenesis in vivo 
and in activating Akt in vascular endothelial cells in vitro 
and in vivo. 
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HMG COA REDUCTASE INHIBITORS FOR 
PROMOTING ANGIOGENESIS 

FIELD OF THE INVENTION 

[0001] This invention relates to methods and compositions 
for the treatment of conditions associated With vascular 
insuf?ciency, and to methods and compositions for screen 
ing assays to select agents that are useful for this purpose. In 
particular, the invention relates to HMG CoA reductase 
inhibitors and their use in promoting angiogenesis in vivo 
and in activating Akt in vascular endothelial cells in vitro 
and in vivo. 

BACKGROUND OF THE INVENTION 

[0002] Akt Protein Kinases 

[0003] Akt (c-Akt) is a proto-oncogene encoding a serine 
threonine kinase (Testa, J. R. and Bellacosa, A., Leukemia 
Res., 1997, 21:1027-1031). It is the cellular homolog of the 
viral oncoprotein v-Akt, and is related to protein kinase-C 
(PKC) Within the catalytic domain. HoWever, c-Akt differs 
from the PKC family members by the presence of a pleck 
strin homology (PH) domain at its N-terminus that is 
involved in the regulation of the activity of the enZyme by 
groWth factors and intracellular signaling molecules. Vari 
ous extracellular stimuli reportedly activate Akt through the 
phosphoinositide 3-kinase (PI 3-kinase) pathWay (Datta, K. 
et al.,J. Biol. Chem, 1996, 271:30835-30839; Franke, T. E, 
et al., Cell, 1995, 81:727-736; King, W. G. et al., Mol. Cell. 
Biol., 1997, 17:4406-4418). The lipid products of the PI 
3-kinase reaction reportedly may activate Akt either by 
binding to the Akt pleckstrin homology (PH) domain 
(Franke, T. F. et al., 1997, Cell, 88:435:437), or by activating 
a protein kinase that phosphorylates Akt (Kohn, A. D., et al., 
J. Biol. Chem, 1996, 271:21920-21926; Stokoe et al., Sci 
ence, 1997, 277:567-570). Activation of Akt reportedly 
inhibits apoptosis induced by groWth factor WithdraWal or 
irradiation in neural cells, ?broblasts, and lymphocytes 
(Franke, T. E, et al., Science, 1997, 275:665-668; Hem 
mings, Science, 1997, 275:628-630). Recently, it has been 
reported that Akt phosphorylates the pro-apoptotic protein 
Bad leading to Bad inactivation and cell survival (Datta, K., 
et al., Cell, 1997, 91:231-241; Peso, L., et al., Science, 1997, 
278:687-689). 
[0004] Despite the foregoing speculation, the precise 
mechanism underlying Akt activation in vivo has yet to be 
elucidated. Accordingly, a need still exists to identify the 
precise mechanism underlying Akt activation in vivo and to 
use such knoWledge to develop methods and compositions 
for treating conditions that are amenable to treatment by Akt 
activation in vivo, as Well as to develop screening assays that 
are useful for identifying agents Which activate Akt in vivo 
and in vitro. 

[0005] HMG-CoA Reductase Inhibitors 

[0006] HMG-CoA (3-hydroxy-3-methylglutaryl-coen 
Zyme A) reductase is the enZyme Which catalyZes the rate 
limiting step of cholesterol biosynthesis. HMG-CoA reduc 
tase inhibitors, also knoWn as statins, are molecules Which 
inhibit the enZymatic activity of HMG-CoA reductase and 
have been used to treat patients suffering from hypercho 
lesterolemia. The ?rst such inhibitor (compactin or Mevas 
tatin) Was isolated in 1976 (Endo, A. et al., EE.B.S. Lett., 72: 
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323-326, 1976) and since then many other natural and 
chemically modi?ed versions of Mevastatin have been iden 
ti?ed and developed for clinical use, including Lovastatin, 
and Simvastatin. 

[0007] Recent studies have shoWn that, in addition to 
treatment of hyperlipidemia, HMG-CoA reductase inhibi 
tors are useful in the treatment of acne and/or skin aging 
(see, eg Breton, L. et al., US. Pat. No. 5,902,805); can 
increase nitric oxide (NO)-mediated vasodilation and blood 
vessel relaxation (see e.g., Liao, J. K. et al., WO 99/18952); 
and can help prevent a second or additional myocardial 
infarction (see, e.g., Behounek, B. D. et al., US. Pat. No. 
5,674,893; Olukotun, A. Y. et al., US. Pat. No. 5,622,985). 

[0008] Additonally, several studies have shoWn that 
HMG-CoA reductase inhibitors have anti-angiogenic activ 
ity. FelesZko, W. et al., Int. J. Cancer; 81: 560-567 (1999) 
reported that treatment of a mouse model of tumor-cell 
induced angiogenesis With a combination of TNF-ot and 
lovastatin produced a signi?cant inhibition of tumor-in 
duced blood-vessel formation Whereas treatment With either 
TNF-ot or lovastatin alone shoWed no angiostatic effects. 
Jones, M. K. et al., Am. J. Physiol, 276: G1345-G1355 
(1999) reported that mevastatin, an inhibitor of Ras activa 
tion, completely blocked the induction of VEGF (a potent 
angiogenic factor) expression in cultured primary endothe 
lial cells. Kong, D. et al., Circulation, 100(18): 1-39, 
Abstract #194 (1999) reported that simvastatin exerted 
potent anti-angiogenic effects independent of its cholesterol 
loWering effects. 

SUMMARY OF THE INVENTION 

[0009] To understand the mechanism by Which angiogenic 
agents such as VEGF promote neW blood vessel formation 
(angiogenesis), We have analyZed the signaling pathWays 
doWnstream from the groWth factor. In particular, We have 
analyZed Akt signaling in endothelial cells. Akt (also knoWn 
as Protein Kinase-B, PKB) inhibits apoptotic cell-death and, 
in particular, inhibits apoptotic cell-death of cardiomyo 
cytes, skeletal myocytes and/or vascular endothelial cells. 
(See, e.g., U.S. Ser. No. 9/922,633, entitled, “Akt Compo 
sitions for Enhancing Survival of Cells”, PCT Application 
No. PCT/US99/22633, published as WO 00/20025). In the 
course of analyZing Akt signaling events in an animal model 
of ischemia, We have surprisingly discovered that activation 
of Akt signaling in endothelial cells is suf?cient to promote 
angiogenesis. We also have discovered that HMG CoA 
reductase inhibitors such as simvastatin are potent activators 
of Akt. In vieW of these discoveries, We believe that simv 
astatin and other HMG CoA reductase inhibitors can be used 
to promote angiogenesis in tissues, and that such inhibitors 
are useful for treating conditions in Which neW blood vessel 
groWth is desirable to treat the condition. These discoveries 
Were highly unexpected in vieW of previous research indi 
cating that HMG CoA reductase inhibitors had angiostatic 
activity. 

[0010] According to one aspect of the invention, a method 
for promoting angiogenesis in a tissue of a subject in need 
of such treatment is provided. The method involves admin 
istering to the subject, an HMG CoA reductase inhibitor in 
an amount effective to promote angiogenesis in the tissue, 
preferably in situations Where the subject is not otherWise in 
need of administration of an HMG CoA reductase inhibitor. 



US 2004/0122077 A1 

According to this aspect, the subject may or may not be 
hyperlipidemic and/or hypercholesterolemic. In certain 
embodiments, the method further includes the step of detect 
ing angiogenesis in the tissue. 

[0011] Conditions that can be treated in accordance With 
this method of the invention (administration by any route, 
preferably oral administration) are conditions characteriZed 
by insuf?cient vasculariZation (or predisposition thereto) of 
the affected tissue, i.e., conditions in Which neovasculariZa 
tion (rather than increases in nitric oxide (NO)-mediated 
vasodilation) is needed to achieve suf?cient vasculariZation 
in the affected tissue, and that are selected from the folloW 
ing group of conditions: (1) diabetic ulcers, (2) gangrene, (3) 
surgical or other Wounds requiring neovasculariZation to 
facilitate healing; (4) Buerger’s syndrome; (5) hypertension; 
(6) ischemic diseases including, for example, cerebrovascu 
lar ischemia, renal ischemia, pulmonary ischemia, limb 
ischemia, ischemic cardiomyopathy, myocardial ischemia, 
ischemia of tissues such as, for example, muscle, brain, 
kidney and lung; and other conditions characteriZed by a 
reduction in microvasculature. The preferred method of 
treatment further includes the step of detecting angiogenesis 
in the affected tissue folloWing treatment. Exemplary tissues 
in Which angiogenesis can be promoted and, optionally, 
detected in accordance With this method of the invention 
include: hypertension; ulcers (e.g., diabetic ulcers); surgical 
Wounds; ischemic tissue, i.e., a tissue having a de?ciency in 
blood as the result of an ischemic disease including, for 
example, muscle, brain, kidney and lung; ischemic diseases 
including, for example, cerebrovascular ischemia, renal 
ischemia, pulmonary ischemia, limb ischemia, ischemic 
cardiomyopathy and myocardial ischemia. In the preferred 
embodiments, the HMG CoA reductase inhibitor is a statin 
molecule (see description beloW). More preferably, the statin 
molecule(s) is orally administered. 

[0012] According to yet another aspect of the invention, a 
method for promoting angiogenesis in a tissue of a subject 
is provided. The method involves locally administering to 
the tissue, an HMG CoA reductase inhibitor in an amount 
effective to promote angiogenesis in the tissue. Preferably, 
the subject is not otherWise in need of administration (par 
ticularly, local administration) of an HMG CoA reductase 
inhibitor. According to certain embodiments, the subject is 
hyperlipidemic and/or hypercholesterolemic. According to 
yet other embodiments, the subject is nonhyperlipidemic 
and/or nonhypercholesterolemic. 

[00133] Conditions that can be treated in accordance With 
this method of the invention (locally administering the 
therapeutic agent to the tissue) are conditions characteriZed 
by insuf?cient vasculariZation of the affected tissue, i.e., 
conditions in Which neovasculariZation, rather than nitric 
oxide mediated vasodilation, is desirable to achieve suffi 
cient vasculariZation in the affected tissue. Exemplary con 
ditions that can be treated in accordance With the methods of 
the invention include: (1) severe occlusive and/or obstruc 
tive vascular disease, such as (a) peripheral vascular disease 
(particularly, diabetic peripheral vascular disease), (b) myo 
cardial ischemia /myocardial infarction, (c) coronary artery 
disease, (d) cerebral vascular disease, (e) visceral vascular 
disease; and (2) surgical or other Wounds requiring neovas 
culariZation to facilitate healing. The preferred method of 
treatment further includes the step of detecting angiogenesis 
in the affected tissue folloWing treatment. Exemplary tissues 
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to Which the HMG CoA reductase inhibitor can be admin 
istered in accordance With the methods of the invention to 
promote angiogenesis therein include cardiac tissue, ulcers 
(e.g., diabetic ulcers), surgical Wounds, neuronal tissue (e. g., 
tissue damaged incident to ischemia of the brain), and other 
tissue damaged as a result of severe occlusive and/or 
obstructive vascular disease or injury. 

[0014] An HMG CoA reductase inhibitor is a term of art 
Which refers to a molecule Which inhibits the enZymatic 
activity of the enZyme, HMG-CoA (3-hydroxy-3-methylglu 
taryl-coenZyme A) reductase. As used herein, the HMG CoA 
reductase inhibitors that are useful in accordance With the 
methods of the invention satisfy the conventional meaning 
of this phrase and are capable of activating Akt signaling in 
vascular endothelial cells. As used herein, “activating Akt 
signaling” refers to inducing a change in the Akt polypeptide 
that is sufficient to promote angiogenesis When the activa 
tion occurs in vivo. In general, the change that is induced is 
phosphorylation of the Akt polypeptide, typically at Ser 473 
and/or Thr 308. Exemplary HMG CoA reductase inhibitors 
are provided in the detailed description of this invention and 
in the references and/or patent documents identi?ed therein. 
The preferred HMG CoA reductase inhibitors that are useful 
in accordance With the methods and compositions of the 
invention are statin molecules. These include: Lovastatin 

(Mevacor), Pravastatin (Pravachol), Simvastatin (Zocor), 
Fluvastatin (Lescol), Atorvastatin (Lipitor), or Cerivastatin 
(Baycol), provided that When the statin molecule is an 
inhibitor of HMG CoA, it is processed into the correspond 
ing lactone form prior to local administration. Also provided 
are screening assays for selecting novel inhibitors Which are 
capable of activating Akt signaling in vascular endothelial 
cells. 

[0015] The preferred methods of treatment for this aspect 
of the invention involve locally administering the HMG 
CoA reductase to the tissue of a subject in an amount 
effective to promote angiogenesis in the tissue. In certain 
embodiments, locally administering involves inserting a 
stent containing the HMG CoA reductase inhibitor into the 
tissue. Alternatively, locally administering involves admin 
istering to the subject a pharmaceutical composition con 
taining an HMG CoA reductase inhibitor and a pharmaceu 
tically acceptable carrier. In certain preferred embodiments, 
the pharmaceutical composition is suitable for topical appli 
cation or internal applications and can be formulated as a 
salve, a gel or a patch. Preferably, the pharmaceutical 
composition is a controlled release matrix and, more pref 
erably, the composition is formulated to release the HMG 
CoA reductase inhibitor substantially continuously for a 
period of at least one day (i.e. a sustained release formula 

tion). 
[0016] According to yet another aspect of the invention, a 
method for activating an Akt polypeptide is provided. The 
method involves contacting a cell containing an Akt 
polypeptide With an HMG CoA reductase inhibitor in vitro 
under conditions Wherein the HMG CoA reductase inhibitor 
(preferably a statin molecule as described herein) activates 
the Akt polypeptide. By “activate” it is meant that the HMG 
CoA reductase inhibitor facilitates the transformation of the 
Akt polypeptide from an inactive to an active form. This 
transition can be determined by detecting various param 
eters, e.g., degree of Akt polypeptide phosphorylation, 
degree of phosphorylation of an Akt substrate molecule (e.g. 
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Bad, histone H2B, eNOS, etc., or fragments thereof), or 
other downstream signaling events, including for example a 
change in the rate of protein degradation, a change in the 
level of mRNA transcription, a change in the level of protein 
translation, reduction of apoptosis, induction of angiogen 
esis, etc. Although not Wishing to be bound to any particular 
theory or mechanism, it is believed that HMG CoA reduc 
tase inhibitors facilitate the phosphorylation of the Akt 
polypeptide (e.g., at Ser 473 and/or Thr 308) Which mediates 
further signaling events that result in angiogenesis in vivo. 
Thus, in particularly preferred embodiments such as those 
methods useful as screening assays, the Akt polypeptide that 
is useful in this aspect of the invention is an Akt polypeptide 
that is expressed by a vascular endothelial cell. Exemplary 
Akt polypeptides are described in US. Ser. No. 9/922,633, 
entitled, “Akt Compositions for Enhancing Survival of 
Cells”, PCT Application No. PCT/US99/22633, published 
as WO 00/20025. The preferred Akt polypeptide has SEQ ID 
NO. 1. Exemplary conditions for performing this aspect of 
the invention are provided in the Examples. 

[0017] According to still another aspect of the invention, 
a method for promoting angiogenesis by activating an Akt 
molecule is provided. The method involves contacting a cell 
containing an Akt polypeptide With an HMG CoA reductase 
inhibitor in vitro under conditions Wherein the HMG CoA 
reductase inhibitor (preferably a statin molecule as described 
herein) activates the Akt polypeptide. While not Wishing to 
be bound by theory, it is believed that activation of Akt 
alloWs Akt molecules to initiate signalling events Which lead 
to promotion of angiogenesis. In particularly preferred 
embodiments such as those methods useful as screening 
assays, the Akt polypeptide that is useful in this aspect of the 
invention is an Akt polypeptide that is expressed by a 
vascular endothelial cell. Exemplary Akt polypeptides are 
described in US. Ser. No. 9/922,633, entitled, “Akt Com 
positions for Enhancing Survival of Cells”, PCT Application 
No. PCT/US99/22633, published as WO 00/20025. The 
preferred Akt polypeptide has SEQ ID NO. 1. 

[0018] According to yet another aspect of the invention, a 
screening method to identify putative HMG CoA reductase 
inhibitors that activate an Akt polypeptide is provided. The 
method involves performing an Akt polypeptide activation 
(e.g., phosphorylation) assay in the presence and absence of 
a putative HMG CoA reductase inhibitor; and determining 
the level of Akt polypeptide activation in the presence and 
absence of the putative inhibitor, Wherein an increase in the 
level of Akt polypeptide activation in the presence of the 
putative inhibitor relative to the level of Akt polypeptide 
activation in the absence of the putative inhibitor indicates 
that the putative inhibitor is an HMG CoA reductase inhibi 
tor as used herein. 

[0019] According to still another aspect of the invention, 
a method for treating a Wound (e.g., a surgical Wound) is 
provided. The method involves contacting the Wound With a 
sufficient amount of an HMG CoA reductase inhibitor under 
conditions Wherein the HMG CoA reductase inhibitor causes 
neovasculatiZation and enhances healing of the Wound. In 
certain embodiments, contacting the Wound involves locally 
administering the HMG CoA reductase inhibitor to the 
Wound. For example, the HMG CoA reductase inhibitor can 
be contained in a pharmaceutical composition that is for 
mulated for local administration to a Wound or to a tissue in 
need of neovasculariZation in a subject. 
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[0020] According to a further aspect of the invention, a 
pharmaceutical composition is provided. The composition 
comprises an HMG CoA reductase inhibitor (preferably, a 
statin molecule as described herein); and a pharmaceutically 
acceptable carrier suitable for local delivery to a Wound or 
a tissue in need of neovasculariZation in a subject. In certain 
embodiments, the composition is suitable for non-oral, pref 
erably topical or intramuscular applications. In these and 
other embodiments, the composition optionally is formu 
lated as a salve, a gel, or a patch. In particularly preferred 
embodiments, the composition is a controlled release matrix 
and, more preferably, the composition is formulated to 
release the HMG CoA reductase inhibitor substantially 
continuously for a period of at least a day. Methods for 
preparing such pharmaceutical compositions are also pro 
vided. 

[0021] According to yet another aspect of the invention, 
the pharmaceutical composition may additionally comprises 
an angiogenic groWth factor. Preferred angiogenic groWth 
factors include, for example, acidic and basic ?broblast 
groWth factors, vascular endothelial groWth factor, epider 
mal groWth factor, transforming groWth factor 0t and [3, 
platelet-derived endothelial cell groWth factor, platelet-de 
rived groWth factor, tumor necrosis factor 0t, hepatocyte 
groWth factor, insulin like groWth factor, etc. In a particular 
embodiment the pharmaceutical composition contains an 
Akt protein, preferably in a constitutively active form. 
According to still another aspect of the invention, the 
pharmaceutical composition may comprise a nucleic acid 
encoding for an angiogenic groWth factor or an Akt protein. 

[0022] In a particularly preferred embodiment, coadmin 
istration of an HMG CoA reductase inhibitor With an Akt 
molecule produces a syngeristic effect Wherein the resultant 
angiogenesis observed With the coadministration is greater 
than the angiogenesis that Would be expected from the 
additive effects When either the HMG CoA reductase inhibi 
tor or the Akt molecule is administered alone. 

[0023] Pharmaceutical compositions comprising angio 
genic groWth factor proteins, an Akt protein or a nucleic acid 
encoding for an angiogenic groWth factor or an Akt protein, 
are preferably administered locally to a site requiring angio 
genesis via direct injection or intraarterially via catheter 
delivery. By ‘direct injection’ it is meant that a syringe or 
needle is used to intramuscularly or subcutaneously inject 
the pharmaceutical composition to the desired site using 
standard injection techniques. By ‘catheter delivery’ it is 
meant that the pharmaceutical composition is delivered 
intraarterially using any type of balloon catheter Well knoW 
in the art, including, for example, double balloon catheters, 
porous balloon catheters and hydrogel coated balloon cath 
eters (see eg Riessen, R. et al.,J. Am. Coll. CardioL, 23(5): 
1234-1244, 1994). 
[0024] 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 embodi 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The Examples may include reference to one or 
more draWings that may or may not be present. It is to be 
understood that none of the draWings referenced in this 
application are required for enablement of the invention as 
disclosed herein. 
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[0026] Example 1—Figure Legends 
[0027] FIG. 1. Simvastatin increases Akt phosphorylation 
in endothelial cell. 

[0028] FIGS. la-e depict representative Western immu 
noblots of the effects of simvastatin on Akt phosphorylation 
level under various conditions. a, Dose-dependent phospho 
rylation of Akt by simvastatin. b, Time-dependent changes 
in Akt phosphorylation at serine 473 following stimulation 
by simvastatin (1 pM). c, Reversal of simvastatin-induced 
Akt phosphorylation by mevalonate (200 pM). d, Sensitivity 
of simvastatin-induced Akt phosphorylation to Wortmannin. 
e, Sensitivity of simvastatin- and VEGF-induced Akt phos 
phorylation to LY294002. The extent of Akt phosphoryla 
tion Was detected by anti-phosphorylated serine 473 residue 
of Akt1 speci?c antibody (PhosphoAkt (Ser 473)). HUVEC 
Were treated With simvastatin for 30 minutes except for time 
course experiment shoWn in 1a. In c, d, and e, HUVEC Were 
pretreated With mevalonate (200 pM) Wortmannin (500 nM) 
or LY294002 (10 nM) for 1 hour, prior to 30 minutes 
stimulation With 1 pM simvastatin or 100 ng/ml VEGF. 

[0029] FIG. 2. Simvastatin stimulates Akt polypeptide 
kinase activity. 

[0030] FIG. 2a depicts a representative autoradiogram of 
phosphorylation histone H2B (2 pg) by immunoprecipitated 
Akt. Akt Was immunoprecipitated from lysate prepared 
HUVEC treated With simvastatin (SIM) or 100 ng/ml VEGF 
for 30 min. Under some conditions, cells Were transfected 
With an adenovirus construct encoding dominant negative 
form of Akt1 (Ad-dnAkt) 24 hours prior to drug treatment. 
Immunoprecipitated Akt Was incubated With histone H2B (2 
pg) for 30 minutes at 30° C. and reaction Was terminated by 
adding SDS-sample buffer. Proteins Were separated by SDS 
PAGE and the extent of histone H2B phosphorylation Was 
visualiZed by autoradiography. 

[0031] FIG. 2b shoWs an analysis of Akt polypeptide 
kinase activity toWard eNOS peptides. Akt Was immunopre 
cipitated and incubated With 25 pg eNOS peptide (Wild: 
eNOS peptide corresponding to positions including its func 
tional site, serine 1179 residue. S1179A: the mutant peptide 
Where the serine residue phosphorylated by Akt changed to 
alanine). Treatment With Wortmannin (WM, 500 nM) Was 
performed 1 hour prior to addition of simvastatin. Results 
are presented as mean:S.E.M. (n=5-7, * p<0.05). 

[0032] FIG. 3. Simvastatin induces Akt-mediated phos 
phorylation of eNOS in vivo. 

[0033] FIG. 3 depicts representative autoradiograms of 
phosphorylation of eNOS by Akt under various conditions. 
a, Simvastatin (SIM) increases phosphorylation of endog 
enous eNOS, Which is abrogated by overexpression of 
dominant negative Akt1. HUVEC Were radiolabeled With 
32P-orthophosphate and stimulated With simvastatin (1 nM) 
or VEGF (100 ng/ml) for 30 min. Alternatively, HUVEC 
Were infected With adenovirus expressing constitutively 
active Akt (myrAkt) 24 hours prior to radiolabeling and 
assayed for endogenous eNOS phosphorylation in the 
absence of Akt agonist. Parallel cultures Were mock-infected 
or infected With adenovirus encoding dominant-negative 
Akt (Ad-dnAkt) 24 hours prior to simvastatin or VEGF 
activation. b, Simvastatin-induced eNOS phosphorylation is 
sensitive to Wortmannin. After 1 hour pretreatment With 500 
nM Wortmannin, HUVEC Were stimulated With simvastatin 
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or VEGF in the presence or absence of 500 mM Wortmannin. 
Wortmannin Was added to cultures 1 hour prior to stimula 
tion With simvastatin or VEGF. Endogenous eNOS protein 
Was immunoprecipitated, separated by SDS-PAGE, and its 
phosphorylation Was visualiZed by autoradiography. c, 
COS-7 cells co-transfected With eNOS (Wt: Wildtype eNOS, 
S1179A: serine 1179 mutant) and Akt (HA-Akt) expression 
plasmids. FolloWing transfection, cells Were incubated in 
serum-depleted media for 48 hours and then subjected to 
radiolabeling With 32P-orthophosphate and treatment With 
Wortmannin and simvastatin. Immunoprecipitates of Wild 
type or mutant eNOS Were examined for 32P-phosphate 
incorporation by autoradiography folloWing SDS-PAGE. 

[0034] FIG. 4. Simvastatin promotes endothelial cell sur 
vival through an Akt-dependent pathWay. 

[0035] FIG. 4a depicts representative images shoWing the 
cell-survival effects by simvastatin as detected by double 
staining With Annexin-V (green) and propidium iodide (red). 
HUVEC cultures Were plated on chamber slides at a density 
of 4><104 cells/Well. HUVEC Were incubated in serum 
depleted media for 3 hours and subjected to stimulation With 
simvastatin (1 nM) for an additional 5 hours. Parallel 
cultures Were infected With an adenoviral construct express 

ing dominant-negative Akt (dnAKT) 24 hours prior to the 
change to senum-free media. Some cultures Were treated 
With 500 nM Wortmannin (WM) for 1 hour prior to each 
stimulation With simvastatin. 

[0036] FIG. 4b shoWs quantitative analysis of simvasta 
tin-promoted endothelial survival by counting pyknotic 
nuclei stained by Hoechst 33342. HUVEC Were examined in 
serum-free media as described above to assess the effects of 
1 pM simvastatin (SIM) or VEGF (100 pig/ml) on survival. 
Data are shoWn as the mean:S.E.M. (n=4-6, *p<0.05). 

[0037] FIG. 5. Statin administration or enhanced Akt 
signaling in endothelial cells promotes blood vessel forma 
tion and improves hemodynamic de?ciency in the rabbit 
hindlimb in response to unilateral femoral artery resection. 

[0038] FIG. 5a shoWs a diagram of the experimental 
method. The femoral artery and its major branches Were 
dissected. Adenovirus-mediated gene transfer to the endot 
helium Was achieved by infusing saline containing Adeno 
[3gal or Adeno-myrAkt through the distal end of the femoral 
artery and incubation for 15 minutes in the limb by tempo 
rarily clamping the femoral vein. 

[0039] FIG. 5b shoWs a section of gastrocnemius muscle 
stained With X-gal. Gastrocnemius muscle Was excised 3 
days after surgery and perfusion With Adeno-[3gal, and 
stained With X-gal to determine transgene distribution in 
hematoxylin and eosin-stained tissue. 

[0040] FIG. 5c shoWs an internal iliac angiography Which 
Was performed on the different treatment groups to assess 
collateral vessel formation. Angiograms at 40 days after 
femoral artery resection shoWing enhanced collateral vessel 
formation in animals that received 0.1 mg/kg/d of simvas 
tatin by intraperitoneal injection (i.p.) relative to control 
animals that underWent surgery but received no other treat 
ment. Quantitative measurements of collateral vessels Were 
performed on the control group, the simvastatin-treated 
group and a group that received an intramuscular of 
Adeno-VEGF. Angiographic score Was also assessed in the 
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experimental groups receiving infusions of saline, Adeno 
[3gal or Adeno-myrAkt at 31 days after surgery. 

[0041] FIG. 5a' shoWs a graph depicting the blood How in 
the treated limbs. Blood How Was quanti?ed in the surgi 
cally-treated limbs of the different treatment groups using a 
Doppler guideWire probe. Doppler measurements Were 
made under conditions of maximal ?oW achieved by the 
infusion of 2 mg papaverine. 

[0042] FIG. 56 shoWs a graph depicting the calf blood 
pressure ratio in the treated limbs. The calf blood pressure 
ratio Was calculated as the systolic pressure of the surgically 
treated limb divided by that of the normal limb for each 
animal. 

[0043] FIG. 5f shoWs a section of alkaline phosphate 
stained adductor muscle from treated and control animals 
and a graph representing the data from the sections. Alkaline 
phosphatase staining of the adductor muscle from ischemic 
limbs shoWing greater capillary density in the simvastatin 
treated animals than in control animals at 40 days post 
surgery. Average capillary density for all experimental 
groups is reported. Data in each experiment are presented as 
mean:S.E.M., (n=6 rabbits for each treatment group, 
*p<0.05 relative to the saline-infused or control groups 
compared by one-Way analysis of variance). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] To understand the mechanism by Which VEGF 
promotes neW blood vessel formation (angiogenesis), We 
have analyZed the signaling pathWays doWnstream from this 
groWth factor. In particular, We have analyZed Akt signaling 
in endothelial cells. Akt (also knoWn as Protein Kinase-B, 
PKB) inhibits apoptotic cell-death of cells, and in particular, 
inhibits apoptotic cell-death of cardiomyocytes, skeletal 
myocytes and/or vascular endothelial cells. (See, e.g., U.S. 
Ser. No. 9/922,633, entitled, “Akt Compositions for Enhanc 
ing Survival of Cells”, PCT Application No. PCT/US99/ 
22633, published as WO 00/20025). In the course of ana 
lyZing Akt signaling events in an animal model of ischemia, 
We have discovered that activation of Akt signaling in 
endothelial cells is suf?cient to promote angiogenesis. We 
also have discovered that simvastatin (an HMG CoA reduc 
tase inhibitor) is a potent activator of Akt. In vieW of these 
discoveries, We believe that simvastatin, as Well as other 
HMG CoA reductase inhibitors, can be used to promote 
angiogenesis in tissues, and that such inhibitors are useful 
for treating conditions in Which neW blood vessel groWth is 
desirable to treat the condition. 

[0045] According to one aspect of the invention, a method 
for promoting angiogenesis in a tissue of a subject in need 
of such treatment is provided. The method involves admin 
istering to the subject, an HMG CoA reductase inhibitor in 
an amount effective to promote angiogenesis in the tissue, 
Wherein the subject is not otherWise in need of administra 
tion of an HMG CoA reductase inhibitor. According to this 
aspect, the subject may or may not be hyperlipidemic and/or 
hypercholesterolemic. In certain embodiments, the method 
further includes the step of detecting angiogenesis in the 
tissue. 

[0046] Conditions that can be treated in accordance With 
this method of the invention (administration by any route, 
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preferably oral administration) are conditions characteriZed 
by insuf?cient vasculariZation (or predisposition thereto) of 
the affected tissue, i.e., conditions in Which neovasculariZa 
tion, rather than nitric oxide (NO)-mediated vasodilation, is 
needed to achieve sufficient vasculariZation in the affected 
tissue, and that are selected from the folloWing group of 
conditions: (1) diabetic ulcers, (2) gangrene, (3) surgical or 
other Wounds requiring neovasculariZation to facilitate heal 
ing; (4) Buerger’s syndrome; (5) hypertension; (6) ischemic 
diseases including, for example, cerebrovascular ischemia, 
renal ischemia, pulmonary ischemia, limb ischemia, 
ischemic cardiomyopathy, myocardial ischemia, ischemia of 
tissues such as, for example, muscle, brain, kidney and lung; 
and other conditions characteriZed by a reduction in 
microvasculature. The preferred method of treatment further 
includes the step of detecting angiogenesis in the affected 
tissue folloWing treatment. Exemplary tissues in Which 
angiogenesis can be promoted and, optionally, detected in 
accordance With this method of the invention include: ulcers 
(e.g., diabetic ulcers); surgical Wounds; ischemic tissue, i.e., 
a tissue having a de?ciency in blood as the result of an 
ischemic disease including, for example, muscle, brain, 
kidney and lung; ischemic diseases including, for example, 
cerebrovascular ischemia, renal ischemia, pulmonary 
ischemia, limb ischemia, ischemic cardiomyopathy and 
myocardial ischemia. In the preferred embodiments, the 
HMG CoA reductase inhibitor is a statin molecule. More 
preferably, the statin molecule(s) is orally administered. 

[0047] According to yet another aspect of the invention, a 
method for promoting angiogenesis in a tissue of a subject 
is provided. The method involves locally administering to 
the tissue, an HMG CoA reductase inhibitor in an amount 
effective to promote angiogenesis in the tissue. Preferably, 
the subject is not otherWise in need of administration (par 
ticularly, local administration) of an HMG CoA reductase 
inhibitor. According to certain embodiments, the subject is 
hyperlipidemic and/or hypercholesterolemic. According to 
yet other embodiments, the subject is nonhyperlipidemic 
and/or nonhypercholesterolemic. 

[0048] Conditions that can be treated in accordance With 
this method of the invention (locally administered) are 
conditions characteriZed by insufficient vasculariZation of 
the affected tissue, i.e., conditions in Which neovasculariZa 
tion, rather than nitric oxide (NO)-mediated vasodilation, is 
needed to achieve sufficient vasculariZation in the affected 
tissue. The methods and compositions of the invention 
involve locally administering the compositions of the inven 
tion to the tissue. Preferably, the subject is not otherWise in 
need of administration (particularly, local administration) of 
an HMG CoA reductase inhibitor. 

[0049] Exemplary conditions that can be treated in accor 
dance With the methods of the invention include: (1) severe 
occlusive and/or obstructive vascular disease, such as (a) 
peripheral vascular disease (particularly, diabetic peripheral 
vascular disease), (b) myocardial ischemia/myocardial inf 
arction, (c) coronary artery disease, (d) cerebral vascular 
disease, (e) visceral vascular disease; and (2) surgical or 
other Wounds requiring neovasculariZation to facilitate heal 
ing. Accordingly, the preferred method of treatment further 
includes the step of detecting angiogenesis in the affected 
tissue folloWing treatment. Exemplary tissues to Which the 
HMG CoA reductase inhibitor can be administered in accor 
dance With the methods of the invention to promote angio 
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genesis therein include cardiac tissue, ulcers (e.g., diabetic 
ulcers), surgical Wounds, neuronal tissue (e.g., tissue dam 
aged incident to ischemia of the brain), and other tissue 
damaged as a result of severe occlusive and/or obstructive 
vascular disease or injury (Would healing). 

[0050] The HMG CoA reductase inhibitors of the inven 
tion are particularly useful for activating Akt polypeptides in 
vivo to trigger the signaling events Which result in angio 
genesis. Accordingly, the methods of the invention, in gen 
eral, involve administering to the subject an isolated HMG 
CoA reductase inhibitor(s) in an amount and in a manner 
effective to promote angiogenesis in a tissue of the subject. 
Preferably, this amount also is suf?cient to activate Akt 
polypeptides to inhibit apoptotic cell-death of vascular 
endothelial cells. 

[0051] A “hyperlipidemic” subject is both a hypercholes 
terolemic 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 Medi 
cine, 13th Edition, McGraW-Hill, Inc., Hypercholes 
terolemic subjects and hypertriglyceridemic subjects are 
associated With increased incidence of premature coronary 
heart disease including vascular endothelial cell dysfunc 
tion. 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 smok 
ing (more than 10 per day), hypertension, loW HDL (<35 
mg/dL), diabetes mellitus, hyperinsulinemia, abdominal 
obesity, high lipoprotein (a), and personal history of cere 
brovascular disease or occlusive peripheral vascular disease. 
A hypertriglyceridemic subject has a triglyceride (TG) level 
of >250 mg/dL. Thus, a hyperlipidemic subject is de?ned as 
one Whose cholesterol and triglyceride levels equal or 
eXceed the limits set as described above for both the hyper 
cholesterolemic and hypertriglyceridemic subjects. Con 
versely, a nonhyperlipidemic subject has cholesterol and/or 
triglyceride levels Which fall beloW the foregoing levels to 
a statistically signi?cant eXtent, as de?ned in the above-cited 
medical literature. 

[0052] The HMG CoA reductase inhibitors of the inven 
tion are administered in effective amounts. An effective 
amount is a dosage of the HMG CoA reductase inhibitor(s) 
sufficient to provide a medically desirable result. In general, 
a therapeutically effective amount means that amount nec 

essary to delay the onset of, inhibit the progression of, or halt 
altogether the particular condition being treated. A thera 
peutically 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. More preferably, a therapeuti 
cally effective amount varies from about 0.5 mg/kg/day to 
about 10 mg/kg/day. 

[0053] The therapeutically effective amount of the isolated 
HMG CoA reductase inhibitors is that amount effective to 
promote angiogenesis and, preferably, activate Akt to inhibit 
apoptotic cell-death of a cardiomyocyte, a skeletal myocyte, 
or a vascular endothelial cell. Therapeutically effective 
amounts can be determined using, for eXample, standard 
tests knoWn in the art. For eXample, TUNEL staining, and 
the appearance of condensed chromatin and other morpho 
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logical features characteristic of apoptosis in electron micro 
graphs can be used to assess apoptosis in the cells of the 
invention and other cell types. 

[0054] A number of laboratory tests to detect angiogen 
esis, 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) nonspeci?c indexes of tissue 
necrosis and in?ammation in a biopsy specimen, (2) elec 
trocardiograms, (3) serum enZyme changes (e.g., creatine 
phosphokinase levels), and (4) blood vessel imaging. Spe 
ci?cally, as described herein, angiogenesis can be deter 
mined by limb blood pressure measurement, quantitative 
angiography, intravascular doppler blood ?oW measure 
ments and capillary density evaluation in a biopsy specimen. 
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 severe vascular occlusion or 
obstruction. A positively identi?ed subject Would thus ben 
e?t from a method of treatment of the invention. 

[0055] The effective amount Will vary With 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 speci?c route of administration and like 
factors Within the knoWledge and eXpertise of the health 
practitioner. For eXample, in connection With occlusive or 
obstructive vascular disorderes, an effective amount is that 
amount Which engenders sufficient neovasculariZation or 
angiogenesis so as to provide an increase in blood How to the 
ischemic region. LikeWise, an effective amount for treating 
a Wound Would be an amount suf?cient to engender suf? 
cient neovasculariZation or angiogenesis so as to promote 
Wound healing. Thus, it Will be understood that the HMG 
CoA reductase inhibitors 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 HMG CoA reductase inhibitors 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 myocardial 
infarction or myocardial ishcemia, the HMG CoA reductase 
inhibitors may be administered to a subject in need of such 
treatment preferably by intra-coronary (and optionally 
including cross-clamping of the aorta) or preferably intra 
myocardial injection (see e.g., Hajjar R J, et al., Proc Natl 
Acad Sci USA, 1998, 95:5251-5256; Vincent, C. K., et al., 
Mol. Cell. Biol, 1993, 13: 1264-1272). 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. 

[0056] 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 in Which angiogenesis is the only 
adequate remedy to treat the condition. Preferably the mam 
mal is otherWise free of symptoms calling for treatment With 
an HMG CoA reductase inhibitor. Reported conditions that 
have symptoms calling for treatment With activated Akt 
molecules are also included Within the scope of the inven 
tion. 
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[0057] The preferred subjects to Whom the HMG CoA 
reductase inhibitors can be administered orally or locally are 
subjects having (or a predisposition to) hypertension, dia 
betic ulcers, gangrene, surgical or other Wounds requiring 
neovasculariZation to facilitate healing, Buerger’s syn 
drome; ischemia of the muscle, brain, kidney, lung, heart or 
limb and other conditions characteriZed by a reduction in 
microvasculature. 

[0058] The methods of the invention involve contacting a 
cell type of choice With an HMG CoA reductase inhibitor 
under conditions to permit activation of the Akt molecule in 
the cell type of choice. In certain embodiments, the contact 
ing of a cell type of choice With an HMG CoA reductase 
inhibitor according to the invention can comprise either 
acute or prophylactic administration of the HMG CoA 
reductase inhibitor. Such acute and/or prophylactic admin 
istration of the HMG CoA reductase inhibitor is particularly 
contemplated When the cell type of choice according to the 
invention contacted With the HMG CoA reductase inhibitor, 
is part of a tissue or an organ scheduled to be transplanted 
or implanted. Administration of the HMG CoA reductase 
inhibitors alloWs for longer term survival of the cells of the 
transplanted (implanted) tissue and/or organ and/or angio 
genesis in the tissue 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. 

[0059] According to the invention, the method involves 
locally administering to a subject an HMG CoA reductase 
inhibitor in an amount effective to promote angiogenesis in 
the undervasculariZed tissue of the subject. The treatment 
can be partiuclarly useful in cases Where blood supply to the 
undervasculariZed tissue is caused by a severe occulsion or 
obstruction. By “a severe occlusion or obstruction” it is 
meant that the subject is at risk of developing, is currently 
having, or has suffered a severe occlusion or obstruction 
resulting in a signi?cant reduction in blood supply. Imme 
diate administration of an HMG CoA reductase inhibitor 
Would greatly bene?t the subject by promoting angiogenesis 
in the tissue prior to, or folloWing the infarct. By “immedi 
ate” it is meant that administration occurs before (if it is 
diagnosed in time), or Within 48 hours from detection of the 
severe obstruction or occlusion, although administration up 
to 14 days after the episode may also be bene?cial to the 
subject. 

[0060] Prolonged or chronic administration of an HMG 
CoA reductase inhibitor may also be used to treat a patient 
in need of increased angiogenesis. Prolonged administration 
Would involve treatment of the pateint for several months to 
several years. Chronic treatment Would involve life-long 
treatment of the patient. The necessity for an immediate, 
prolonged or chronic administration of an HMG CoA reduc 
tase inhibitor Would be determined on an individual basis 
depending on the particular condition of the patient. One 
skilled in the art Would readily be able to determine Whether 
immediate, prolonged or chronic administration Was neces 
sary. 

[0061] Exemplary severe occlusive and/or obstructive 
vascular conditions that can be treated in accordance With 
the methods of the invention include peripheral vascular 
diseases (e.g., diabetic peripheral vascular disease), myo 
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cardial ischemia/myocardial infarction, coronary artery dis 
ease, cerebral vascular disease, visceral vascular disease, 
etc. Methods for detecting such conditions and assessing the 
ef?cacy of the treatment method are described in, e.g., 
Harrison’s Principles of Experimental Medicine, 13th Edi 
tion, McGraW-Hill, Inc., NY. 

[0062] An HMG CoA reductase inhibitor is a term of art 
Which refers to a molecule Which inhibits the enZyme 
HMG-CoA reductase and, therefore, inhibits the synthesis of 
cholesterol. As used herein, the HMG CoA reductase inhibi 
tors that are useful in accordance With the methods of the 
invention satisfy the conventional meaning of this phrase 
and, further, are capable of activating Akt signaling in 
vascular endothelial cells. As used herein, “activating Akt 
signaling” refers to inducing a change in the Akt polypeptide 
that is suf?cient to promote angiogenesis When the activa 
tion occurs in vivo. In general, the change that is induced is 
phosphorylation of the Akt polypeptide, typically at Ser 473 
and/or Thr 308. 

[0063] Exemplary HMG CoA reductase inhibitors are 
provided beloW. The detailed description also provides 
screening assays for selecting putative inhibitors Which also 
are capable of activating Akt signaling in vascular endothe 
lial cells. The preferred HMG CoA reductase inhibitors that 
are useful in accordance With the methods and compositions 
of the invention are statin molecules. These include: Lov 
astatin (Mevacor), Pravastatin (Pravachol), Simvastatin 
(Zocor), Fluvastatin (Lescol), Atorvastatin (Lipitor), or 
Cerivastatin (Baycol), provided that When the statin mol 
ecule is an inhibitor of HMG CoA, it is processed into the 
corresponding lactone form prior to local administration. 

[0064] There are 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 practicing the 
present invention. Traditionally these agents have been used 
to treat individuals With hypercholesterolemia. Examples 
include some Which are commercially available, such as 
simvastatin (US. Pat. No. 4, 444,784), lovastatin (US. Pat. 
No. 4,231,938), pravastatin sodium (US. Pat. No. 4,346, 
227), ?uvastatin (US. Pat. No. 4,739,073), atorvastatin 
(US. Pat. No. 5,273,995), cerivastatin, and numerous others 
described in US. Pat. No. 5,622,985; US. Pat. No. 5,135, 
935; US. Pat. No. 5,356,896; US. Pat. No. 4,920,109; US. 
Pat. No. 5,286,895; U.S. Pat. No. 5,262,435; U.S. Pat. No. 
5,260,332; US. Pat. No. 5,317,031; US. Pat. No. 5,283,256; 
US. Pat. No. 5,256,689; US. Pat. No. 5,182,298; US. Pat. 
No. 5,369,125; US. Pat. No. 5,302,604; US. Pat. No. 
5,166,171; US. Pat. No. 5,202,327; US. Pat. No. 5,276,021; 
US. Pat. No. 5,196,440; US. Pat. No. 5,091,386; US. Pat. 
No. 5,091,378; US. Pat. No. 4,904,646; US. Pat. No. 
5,385,932; US. Pat. No. 5,250,435; US. Pat. No. 5,132,312; 
US. Pat. No. 5,130,306; US. Pat. No. 5,116,870; US. Pat. 
No. 5,112,857; US. Pat. No. 5,102,911; US. Pat. No. 
5,098,931; US. Pat. No. 5,081,136; US. Pat. No. 5,025,000; 
US. Pat. No. 5,021,453; US. Pat. No. 5,017,716; US. Pat. 
No. 5,001,144; US. Pat. No. 5,001,128; US. Pat. No. 
4,997,837; US. Pat. No. 4,996,234; US. Pat. No. 4,994,494; 
US. Pat. No. 4,992,429; US. Pat. No. 4,970,231; US. Pat. 
No. 4,968,693; US. Pat. No. 4,963,538; US. Pat. No. 
4,957,940; US. Pat. No. 4,950,675; US. Pat. No. 4,946,864; 
US. Pat. No. 4,946,860; US. Pat. No. 4,940,800; US. Pat. 
No. 4,940,727; US. Pat. No. 4,939,143; US. Pat. No. 
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4,929,620; US. Pat. No. 4,923,861; US. Pat. No. 4,906,657; 
US. Pat. No.4,906,624; and US. Pat. No. 4,897,402, the 
disclosures of Which patents are incorporated herein by 
reference. 

[0065] Additional patents Which disclose HMG CoA 
reductase inhibitors and Which are incorporated by reference 
include: US. Pat. No. 6,043,064; Re 36,520; Re 36,481; 
US. Pat. No. 6,001,618; US. Pat. No. 5,948,435; US. Pat. 
No. 5,877,208; US. Pat. No. 5,792,461; US. Pat. No. 
5,620,876; US. Pat. No. 5,523,460; US. Pat. No. 5,475,029; 
US. Pat. No. 5,173,487; US. Pat. No. 5,177,080; US. Pat. 
No. 5,189,180; US. Pat. No. 5,177,104; US. Pat. No. 
5,202,327; US. Pat. No. 5;250,435; US. Pat. No. 5,260, 
440; US. Pat. No. 5,256,692; US. Pat. No. 5,266,707; US. 
Pat. No. 5,264,455; U.S. Pat. No. 5,369,123; U.S. Pat. No. 
5,371,077; US. Pat. No. H1,286; US. Pat. No. 5,308,864; 
US. Pat. No. 5,110,825; US. Pat. No. 5,106,992; US. Pat. 
No. 5,102,893; US. Pat. No. 5,099,035; US. Pat. No. 
5,098,931; US. Pat. No. 5,089,523; US. Pat. No. 5,081,136; 
US. Pat. No. 5,075,311; US. Pat. No. 5,053,525; US. Pat. 
No. 5,049,696; US. Pat. No. 5,032,602; US. Pat. No. 
5,025,017; US. Pat. No. 5,021,453; US. Pat. No. 5,010,105; 
US. Pat. No. 5,001,148; US. Pat. No. 4,997,837; US. Pat. 
No. 4,997,658; US. Pat. No. 4,992,462; US. Pat. No. 
4,970,231; US. Pat. No. 4,970,221; US. Pat. No. 4,968,693; 
US. Pat. No. 4,957,971; US. Pat. No. 4,957,940; US. Pat. 
No. 4,950,675; US. Pat. No. 4,940,800; US. Pat. No. 
4,937,263; US. Pat. No. 4,937,259; US. Pat. No. 4,929,620; 
US. Pat. No. 4,923,861; US. Pat. No. 4,920,111; US. Pat. 
No. 4,916,162; US. Pat. No. 4,906,657; US. Pat. No. 
4,906,624; US. Pat. No. 4,897,402; US. Pat. No. 4,885,314; 
US. Pat. No. 4,876,366; US. Pat. No. 4,876,279; US. Pat. 
No. 4,868,185; US. Pat. No. 4,866,090; US. Pat. No. 
4,866,068; US. Pat. No. 4,864,038; US. Pat. No. 4,857,547; 
US. Pat. No. 4,857,546; US. Pat. No. 4,855,321; US. Pat. 
No. 4,851,436; US. Pat. No. 4,847,306; US. Pat. No. 
4,808,621; US. Pat. No. 4,792,614; US. Pat. No. 4,782,084; 
US. Pat. No. 4,772,626; US. Pat. No. 4,771,071; US. Pat. 
No. 4,766,145; US. Pat. No. 4,761,419; US. Pat. No. 
4,738,982; US. Pat. No. 4,735,958; US. Pat. No. 4,719,229; 
US. Pat. No. 4,681,893; US. Pat. No. 4,668,699; US. Pat. 
No. 4,665,091; US. Pat. No. 4,661,483; US. Pat. No. 
4,654,363; US. Pat. No. 4,647,576; and US. Pat. No. 
4,567,289. 
[0066] The preferred methods of treatment depend upon 
the particular aspect of the invention, i.e., the type of subject 
being treated. For a subject having a condition selected from 
the group consisting of hypertension, diabetes, gangrene, 
Wounds, Buerger’s syndrome, and other conditions charac 
teriZed by a reduction or obstruction in rnicrovasculature, 
administration of the HMG CoA reductase inhibitor can be 
by any route, With oral administration particularly preferred. 
For a subject having a condition that results from a severe 
occlusive and/or obstructive vascular tissue, adrninistration 
involves locally administering the HMG CoA reductase to 
the tissue of a subject. In either instance, the HMG CoA 
reductase inhibitor is administered in an amount effective to 
promote angiogenesis in the affected tissue of the subject. In 
certain embodiments, locally adrninistering involves insert 
ing a stent containing the HMG CoA reductase inhibitor into 
the tissue. Alternatively, locally adrninistering involves 
administering to the subject a pharmaceutical composition 
containing an HMG CoA reductase inhibitor and a pharrna 
ceutically acceptable carrier. In certain preferred ernbodi 
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rnents, the pharmaceutical composition is suitable for topical 
application or internal applications and can be formulated as 
a salve, a gel or a patch. Preferably, the pharmaceutical 
composition is a controlled release matrix and, more pref 
erably, the composition is formulated to release the HMG 
CoA reductase inhibitor substantially continuously for a 
period of at least one day. Exernplary controlled release 
formulations for delivering an HMG CoA reductase inhibi 
tor are reported in US. Pat. Nos. 5,376,383 and 4,976,967. 

[0067] Preferred methods of administration for the HMG 
CoA reductase inhibitors of the invention into subjects 
requiring neovasculariZation (and preferably, subjects also 
having abnorrnally elevated apoptotic cell-death of vascular 
endothelial cells) include intraarterial adrninistration prefer 
ably With clarnping or locally via a balloon catheter or 
intraperitoneal injection directly into the affected tissue or 
Wound requiring neovasculariZation. For example, in the 
case of intraarterial administration with clamping, the vessel 
Wall in need of such treatment is “isolated” by clarnping 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 HMG CoA reductase inhibitors (e.g., by 
injection). In the case of intraarterial adrninistration via a 
balloon catheter, the catheter is preferably of the “soft 
hydrogel surface” type. 

[0068] Preferred methods of administration for the HMG 
CoA reductase inhibitors of the invention in the treatment of 
the foregoing diseases include direct intramuscular injection 
into the rnyocardiurn, catheteriZation of the heart, and 
intraarterial adrninistration. Intraarterial administration may 
be accompanied With a perrneabiliZing agent (e.g., nitric 
oxide), alloWing easier access of the HMG CoA reductase 
inhibitors of the invention into the rnyocardiurn via the 
circulation. 

[0069] A variety of administration routes are available. 
The particular rnode selected Will depend, of course, upon 
the particular drug selected, the severity of the condition 
being treated, and the dosage required for therapeutic ef? 
cacy. The methods of the invention, generally speaking, may 
be practiced using any mode of administration that is 
rnedically acceptable, rneaning 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, interder 
rnal, or parenteral routes. The term “parenteral” includes 
subcutaneous, intravenous, intrarnuscular, or infusion. Intra 
venous or intrarnuscular routes are not particularly suitable 
for long-term therapy and prophylaxis. They could, hoW 
ever, be preferred in emergency situations. Intrarnyocardial 
administration is preferred in patients suffering forrn rnyo 
cardial infarction. Direct application of the compositions of 
the invention to a Wound or to the tissue in the vicinity of the 
Wound is preferred to promote Wound healing. Oral admin 
istration Will be preferred for prophylactic treatment because 
of the convenience to the patient as Well as the dosing 
schedule. Cornpositions suitable for oral administration may 
be presented as discrete units, such as capsules, tablets, 
loZenges, each containing a predetermined amount of the 
HMG CoA reductase inhibitors. Other cornpositions include 
suspensions in aqueous liquids or non-aqueous liquids such 
as a syrup, elixir or an emulsion. 

[0070] The pharmaceutical compositions rnay conve 
niently be presented in unit dosage form and may be 
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prepared by any of the methods Well-knoWn in the art of 
pharmacy. All methods include the step of bringing the 
HMG CoA reductase inhibitors into association With a 
carrier Which constitutes one or more accessory ingredients. 
In general, the compositions are prepared by uniformly and 
intimately bringing the HMG CoA reductase inhibitors into 
association With a liquid carrier, a ?nely divided solid 
carrier, or both, and then, if necessary, shaping the product. 

[0071] In general, the HMG CoA reductase inhibitors can 
be administered to the subject (any mammalian recipient) 
using the same modes of administration that currently are 
used for administration of other angiogenesis inducers (e.g., 
VEGF) in humans. 

[0072] Other delivery systems can include time-release, 
delayed release or sustained release delivery systems. Such 
systems can avoid repeated administrations of the HMG 
CoA reductase inhibitors described above, increasing con 
venience 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 poly 
mers containing drugs are described in, for example, US. 
Pat. No. 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 sys 
tems; sylastic systems; peptide based systems; Wax coatings; 
compressed tablets using conventional binders and excipi 
ents; partially fused implants; and the like. Speci?c 
examples include, but are not limited to: (a) erosional 
systems in Which the HMG CoA reductase inhibitor is 
contained in a form Within a matrix such as those described 

in US. Pat. Nos. 4,452,775, 4,675,189, and 5,736,152, and 
(b) diffusional systems in Which an active component per 
meates at a controlled rate from a polymer such as described 

in US. Pat. 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. 

[0073] 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 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. 

[0074] 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, emul 
sions or suspensions, including saline and buffered media. 
Parenteral vehicles include sodium chloride solution, Ring 
er’s dextrose, dextrose and sodium chloride, lactated Ring 
er’s or ?xed oils. Intravenous vehicles include ?uid and 
nutrient replenishers, electrolyte replenishers (such as those 
based on Ringer’s dextrose), and the like. Preservatives and 
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other additives may also be present such as, for example, 
antimicrobials, anti-oxidants, chelating agents, and inert 
gases and the like. 

[0075] According to yet another aspect of the invention, a 
method for activating an Akt polypeptide is provided. The 
method involves contacting the Akt polypeptide With an 
HMG CoA reductase inhibitor in vitro under conditions 
Wherein the HMG CoA reductase inhibitor (preferably a 
statin molecule as described herein) activates the Akt 
polypeptide. By “activate” it is meant that the HMG CoA 
reductase inhibitor facilitates the transformation of the Akt 
polypeptide from an inactive to an active form. This tran 
sition can be determined by detecting various parameters, 
e.g., degree of Akt polypeptide phosphorylation, degree of 
phosphorylation of an Akt substrate molecule (e.g. Bad, 
histone H2B, eNOS etc., or fragments thereof), or other 
doWnstream signaling events, including for example a 
change in the rate of protein degradation, a change in the 
level of mRNA transcription, a change in the level of protein 
translation, reduction of apoptosis, induction of angiogen 
esis, etc. Although not Wishing to be bound to any particular 
theory or mechanism, it is believed that HMG CoA reduc 
tase inhibitors facilitate the phosphorylation of the Akt 
polypeptide (e.g., at Ser 473 and/or Thr 308) Which mediates 
further signaling events that result in angiogenesis in vivo. 
Thus, in particularly preferred embodiments such as those 
methods useful as screening assays, the Akt polypeptide that 
is useful in this aspect of the invention is an Akt polypeptide 
that is expressed by an endothelial cell. Exemplary Akt 
polypeptides are described in US. Ser. No. 9/922,633, 
entitled, “Akt Compositions for Enhancing Survival of 
Cells”, PCT Application No. PCT/US99/22633, published 
as WO 00/20025. Exemplary conditions for performing this 
aspect of the invention are provided in the Examples. 

[0076] The human and mouse Akt genes have been iso 
lated and sequenced (Jones P F, et al., Proc Natl Acad Sci 
USA, 1991, 88(10):4171-5; Coffer, P. J. and Woodgett, J. R., 
Eur J. Biochem, 1991, 201:475-481; Bellacosa, A., et al., 
Oncogene, 1993, 8:745-754). See also, Genbank Accession 
No. M63167 (SEQ. ID NOS. 1 and 2), Genbank Accession 
No. X61037 (SEQ ID NOS. 3 and 4) for the human Akt 
cDNA and predicted amino acid sequences, respectively, 
and Genbank Accession No. X65687 (SEQ ID NOS. 5 and 
6) for the mouse Akt cDNA and predicted amino acid 
sequences, respectively. The skilled in the art Will recogniZe 
that the results obtained using mouse Akt compositions are 
predictive of the results that may be obtained using the 
human sequences, since the mouse c-Akt is 90% homolo 
gous to human Akt at the nucleic acid level and 98% 
homologous at the amino acid level. The c-Akt polypeptide 
contains, starting from its amino terminus, a src homology 
2-like (SH2-like) domain (pleckstrin homology domain), 
and a kinase domain encoding a serine-threonine kinase With 
high degree of homology to members of the protein kinase 
C (PKC) family. 

[0077] An “Akt molecule”, as used herein, embraces both 
“Akt nucleic acids” and “Akt polypeptides” (discussed 
beloW). Akt molecules are capable of promoting angiogen 
esis in a tissue and inhibiting apoptotic cell-death of cardi 
omyocytes, skeletal myocytes and vascular endothelial cells 
both in vivo and in vitro (U.S. Ser. No. 9/922,633, entitled, 
“Akt Compositions for Enhancing Survival of Cells” and 
related PCT application as identi?ed above). Preferred 
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examples of Akt molecules are the nucleic acids and 
polypeptides of, for example, Akt-1, Akt-2, Akt-3, etc. 
[0078] An “Akt 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 
NO. 1 and (2) codes for an AKT (i.e., a polypeptide that 
promotes angiogenesis in vivo and, optionally inhibits apo 
ptotic cell-death of cells, and in particular, inhibits apoptotic 
cell-death of cardiomyocytes, skeletal myocytes and vascu 
lar endothelial cells in vitro or in vivo. Preferably the AKT 
maintains a serine-threonine kinase activity. The preferred 
Akt nucleic acid has the nucleic acid sequence of SEQ ID 
NO. 1. The Akt nucleic acids of the invention also include 
homologs and alleles of a nucleic acid having the sequence 
of SEQ ID NO. 1, as Well as functionally equivalent frag 
ments, variants, and analogs of the foregoing nucleic acids. 
“Functionally equivalent”, in reference to an Akt nucleic 
acid fragment, variant, or analog, refers to a nucleic acid that 
codes for an AKT that promotes angiogenesis in vivo and, 
optionally, inhibits apoptotic cell-death of cells, particularly 
apoptotic cell-death of cardiomyocytes, skeletal myocytes 
and vascular endothelial cells. Preferably the AKT maintains 
a serine-threonine kinase activity. More speci?cally, “func 
tionally equivalent” refers to an AKT that has a serine 
threonine kinase activity and is capable of promoting angio 
genesis in vivo folloWing activation by an HMG CoA 
reductase inhibitor. Preferably, the activated AKT also is 
capable of enhancing survival of a cell that may undergo 
apoptotic cell-death (e.g., a vascular endothelial cell, a 
cardiomyocyte, a skeletal myocyte). 

[0079] In one embodiment, the Akt nucleic acid has the 
nucleotide sequence of SEQ. ID NO 1 (“Akt Wild-type 
nucleic acid”), the nucleotide sequence encoding a “Wild 
type AKT”, i.e., the complete coding sequence of the gene 
encoding the human Akt. 

[0080] In the preferred embodiments of the methods, the 
Akt nucleic acid is selected from the group consisting of a 
Wild-type Akt nucleic acid (e.g., SEQ ID NO. 1, the coding 
region of SEQ ID NO. 1, SEQ ID NO. 3, and the coding 
region of SEQ ID NO. 3), and an Akt nucleic acid coupled 
With a myristoylation/palmitylation sequence, preferably the 
src myristoylation sequence (Franke, T. E, et al., Cell, 1995, 
81:727-736). The myristoylation sequence serves as to help 
target and anchor the AKT onto the cell membrane, thus 
rendering it constitutively active. The myristoylation 
sequence may also be placed in a number of different 
locations Within SEQ ID NO. 1, as long as the serine 
threonine kinase activity of the encoded polypeptide remains 
intact (see later description of domains). 
[0081] The Akt nucleic acid is operatively coupled to a 
promoter that can express Akt in a targeted cell (e.g., a cell 
selected from the group consisting of a cardiomyocyte, a 
skeletal myocyte and a vascular endothelial cell). Preferably, 
the nucleic acid is contained in an appropriate expression 
vector (e.g., adenoviral vector, modi?ed adenoviral vector, 
retroviral vector, plasmid, liposome) to more ef?ciently 
genetically modify the targeted cell and achieve expression 
of multiple copies of the AKT. Further details relating to the 
expression of an Akt nucleic acid are provided in US. Ser. 
No. 9/922,633 and the above-identi?ed related PCT appli 
cation. 

[0082] The Akt nucleic acids code for an AKT polypep 
tide. As used herein, an “AK ” refers to a polypeptide that 
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is coded for by an Akt nucleic acid and/or a structurally 
related molecule, and preferably has serine-threonine kinase 
activity. AKTs are useful for inducing angiogenesis in vivo. 
Preferably, the AKTs also are useful for inhibiting apoptotic 
cell-death of a cell. The preferred AKT of the invention has 
the amino acid sequence of SEQ ID NO. 2 (Akt “Wild-type” 
polypeptide) or is a functionally equivalent fragment of SEQ 
ID NO. 2 (e.g., the partial polypeptide of SEQ ID NO. 4, the 
polypeptide of SEQ ID NO. 6, etc.). AKTs further include 
functionally equivalent variants, and analogs of SEQ ID NO. 
2, provided that the fragments, variants, and analogs pref 
erably maintain serine-threonine kinase activity, and are 
capable of inducing angiogenesis. The invention also 
embraces proteins and peptides coded for by any of the 
foregoing Akt nucleic acids. 

[0083] “Structurally related,” as used herein, refers to 
nucleic acids and polypeptides that are homologous and/or 
allelic to an Akt 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 NO: 1 and SEQ ID 
NO:2, 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 homol 
ogy can be calculated using various, publicly available 
softWare tools developed by NCBI (Bethesda, Md.) 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 Clustal W 
alignments (BLOSUM30 matrix setting) as Well as Kyte 
Doolittle hydropathic analysis can be obtained using the 
MacVector sequence analysis softWare (Oxford Molecular 
Group). Watson-Crick complements of the foregoing 
nucleic acids also are embraced by the invention. 

[0084] The preferred Akt nucleic acids of the invention 
encode the Akt having the amino acid sequence of SEQ ID 
NO. 2, the complete polypeptide sequence of the gene 
encoding the human Akt. This “Wild type” human AKT 
contains starting from its amino terminus, a pleckstrin 
homology (PH) domain (amino acids 5-108 of SEQ ID NO. 
2), and a kinase domain encoding a serine-threonine kinase 
With high degree of homology to members of the protein 
kinase C (PKC) family (amino acids 150-408 of SEQ ID 
NO. 2). It is believed that results obtained using mouse 
compositions are predictive of the results that may be 
obtained using the human sequences, since the mouse c-Akt 
is 98% homologous to human Akt at the amino acid level. 

[0085] It Will be appreciated by those skilled in the art that 
various modi?cations of the AKT having the sequence of 
SEQ ID NO. 2 or functionally equivalent fragments of SEQ 
ID NO. 2 can be made Without departing from the essential 
nature of the invention. Accordingly, it is intended that 
polypeptides Which have the amino acid sequence of SEQ 
ID NO. 2 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 made amongst amino 
acids Within the folloWing groups: (I) M,I,L,V; (2) F,Y,W; 
(3) K,R,H; (4) A,G; (5) S,T; (6) Q,N; and, (7) E,D. Fusion 
proteins, in Which a peptide of the invention is coupled to a 
































