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TREATMENT OF RESTENOSIS AND STENOSIS 
WITH DASATINIB 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to currently pend 
ing US. Provisional Patent Application 60/728,673, entitled, 
“Potent Inhibition of Platelet-Derived Growth Factor-In 
duced Responses in Vascular Smooth Muscle Cells By 
BMS-354825”, ?led Oct. 20, 2005, the contents ofWhich are 
herein incorporated by reference. 

FIELD OF INVENTION 

[0002] This invention relates to prevention and treatment 
of artery obstructive diseases. More speci?cally, this inven 
tion relates to methods for treating or preventing restenosis 
and stenosis in humans using dasatinib. 

BACKGROUND OF THE INVENTION 

[0003] Balloon angioplasty and stenting (percutaneous 
coronary interventions With or Without the use of stents) are 
Widely used procedures for coronary artery disease. Unfor 
tunately, renarroWing (restenosis) of the dilated artery 
occurs in 25-40% of patients Within six months after these 
procedures, Which requires repeat angioplasty or bypass 
surgery (Dangas and Kuepper, 2002; Michaels and Chatter 
jee, 2002). Therefore, restenosis represents a major problem 
limiting the long-term efficacy of these revascularization 
therapies. Moreover, folloWing coronary artery bypass sur 
gery, narroWing (stenosis) of the transplanted artery can also 
occur that necessitates further medical treatments. 

[0004] Abnormal migration and proliferation of VSMCs 
are critical events in the pathogenesis of artery obstructive 
diseases such as restenosis (Bailey, 2002; LevitZki, 2005; 
SanZ-GonZaleZ et al., 2004). While several groWth factors 
and cytokines are involved in the development of restenosis, 
many lines of evidence have indicated that PDGF plays a 
prominent role in the pathogenesis of restenosis. PDGF is 
the most potent mitogen and motogen for VSMCs (Heldin 
and Westermark, 1999). PDGF is present at sites of vascular 
injury from activated platelets, monocytes, and cells of the 
artery Wall (Raines, 2004). Expression of exogenous PDGF 
in animal arteries can induce intimal thickening through 
stimulation of VSMC proliferation and migration and syn 
thesis of extracellular matrix (Pompili et al., 1995). Impor 
tantly, inhibition of PDGF as Well as PDGFR by immuno 
logical, molecular biological, and pharmacological methods 
can suppress development of restenotic lesions in animal 
models (Ferns et al., 1991; LevitZki, 2005; Myllamiemi et 
al., 1999; Sirois et al., 1997). 

[0005] Imatinib (Gleevec, STl57l, CGP57148B) is the 
?rst protein tyrosine kinase inhibitor that has been success 
fully developed into a targeted therapy drug. It is currently 
used to treat chronic myeloid leukemia (CML) and gas 
trointestinal stromal tumor based on inhibition of Bcr-Abl 
and c-Kit protein tyrosine kinases, respectively (Deininger 
et al., 2005; Logrono et al., 2004). Besides Bcr-Abl and 
c-Kit, imatinib also inhibits PDGFR tyrosine kinase (Buch 
dunger et al., 1996; Druker et al., 1996). Experiments in 
animals have shoWn that imatinib inhibits restenosis after 
balloon angioplasty and stenosis after allograft (Myllamiemi 
et al., 1999; Sihvola et al., 2003). Inhibition of PDGFR by 
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imatinib, hoWever, requires micromolar concentrations in 
cell-based assays (Buchdunger et al., 1996; SanZ-GonZaleZ 
et al., 2004). 

[0006] An additional approach to reducing restenosis is 
through the use of stents. A stent is a Wire mesh tube used 
to prop open an artery after angioplasty. Restenosis is found 
to be less common in stented arteries. 

SUMMARY OF INVENTION 

[0007] The present invention provides a novel method for 
treating or inhibiting artery obstructive disease, such as 
restenosis (typically encountered after angioplasty and stent 
ing procedures) and stenosis (typically encountered after 
coronary artery bypass surgery), in a subject by administer 
ing to the subject a therapeutically effective amount of 
dasatinib or a derivative thereof 

[0008] In one aspect the present invention provides a 
method of treating or inhibiting restenosis or stenosis in a 
patient comprising administering to a patient in need of such 
treatment a composition comprising dasatinib or a pharma 
ceutically acceptable derivative thereof in an amount effec 
tive to treat or inhibit restenosis or stenosis. In certain 
advantageous embodiments the dasatinib is administered 
orally. In further advantageous embodiments the dasatinib is 
administered With one or more additional therapeutic agents. 
The one or more additional therapeutic agents can include 
antiplatelet agents, antimigratory agents, anti?brotic agents, 
antiproliferatives, antiin?ammatories and combinations 
thereof In a particularly advantageous embodiment the one 
or more additional therapeutic agents is sirolimus or pacli 
taxel. 

[0009] In a second aspect the present invention provides a 
method of treating or inhibiting artery obstructive disease in 
a patient comprising administering to a patient in need of 
such treatment a composition comprising dasatinib or a 
pharrnaceutically acceptable derivative or analog thereof in 
an amount effective to treat artery obstructive disease. In a 
third aspect the present invention provides a method of 
treating or inhibiting restenosis or stenosis in a patient 
comprising administering to a patient in need of such 
treatment a composition comprising a dual Src/PDGFR 
inhibitor. In a fourth aspect the present invention provides a 
method of treating or inhibiting artery obstructive disease in 
a patient comprising administering to a patient in need of 
such treatment a composition comprising a dual Src/PDGFR 
inhibitor. In further advantageous embodiments the dual 
Src/PDGFR inhibitor is administered With one or more 
additional therapeutic agents. The one or more additional 
therapeutic agents can include antiplatelet agents, antimi 
gratory agents, anti?brotic agents, antiproliferatives, antiin 
?ammatories and combinations thereof In a ?fth aspect the 
present invention provides a method of treating resteno sis in 
a patient comprising administering to a patient in need of 
such treatment a composition comprising a nanomolar con 
centration of a PDGFR tyrosine kinase inhibitor. 

[0010] In still another aspect the present invention pro 
vides a stent having a coating comprising dasatinib or a 
pharrnaceutically acceptable derivative thereof In an advan 
tageous embodiment the stent at least one additional thera 
peutic agent coated thereon. The additional therapeutic 
agent can be selected from the group consisting of antiplate 
let agents, antimigratory agents, anti?brotic agents, antipro 
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liferatives, antiin?ammatories and combinations thereof In a 
particularly advantageous embodiment the additional thera 
peutic agent is sirolimus or paclitaxel. 

[0011] In still another aspect the present invention pro 
vides a medical device comprising an implantable device 
having a coating comprising a therapeutic amount of dasa 
tinib or a pharmaceutically acceptable derivative thereof for 
the site-speci?c, controlled release of the therapeutic 
amount. The device can include at least one additional 
therapeutic agent coated thereon. The additional therapeutic 
agent can include antiplatelet agents, antimigratory agents, 
anti?brotic agents, antiproliferatives, antiin?ammatories 
and combinations thereof 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] For a fuller understanding of the invention, refer 
ence should be made to the folloWing detailed description, 
taken in connection With the accompanying draWings, in 
Which: 

[0013] FIG. 1 shoWs the effect of BMS-354825 (Dasat 
inib, SPRYCEL) on PDGF-stimulated activation of PDGFR, 
STAT3, Akt, and Erk in rat A10 VSMCs. (A) Time-depen 
dent activation of PDGFR, STAT3, Akt, and Erk2 in A10 
cells. Subcon?uent A10 cells Were serum starved for 18 h, 
pre-incubated With BMS-354825 (50 nM, 20 min) or DMSO 
(—) for 20 min, and then treated With PDGF-BB (5 ng/ml) for 
the indicated time. Cell lysate supematants (20 ug/each) 
Were analyZed by immunoblotting With antibodies to phos 
photyrosine, phospho-STAT3, phospho-Akt, phospho-Erkl/ 
2, PDGFRB, total STAT3, total Akt, and total Erkl/2. (B) 
Serum-starved A10 cells Were pre-treated With indicated 
concentrations of BMS-354825 and then stimulated With 
PDGF (5 ng/ml, 5 min). PDGFB Was immunoprecipitated 
from cell lysates. The immunoprecipitates Were analyZed by 
antibodies to phosphotyrosine (pTyr) and PDGFB (inset). 
The relative pTyr signal intensities Were compared. The 
graph represents data from three experiments, one of Which 
Was performed in duplicate (n=4). Each data point in the 
graph represents meanzSEM (this applies to all subsequent 
graphs). (C) BMS-354825 inhibited PDGFR tyrosine kinase 
activity in vitro. PDGFR Was immunoprecipitated from A10 
cells stimulated With PDGF-BB (5 ng/ml, 5 min). Aportion 
of each immunoprecipitate (5/7) Was used for in vitro kinase 
assay in the presence of BMS-354825 at the indicated 
concentrations. The remaining immunoprecipitates Were 
used for immunoblotting analysis With anti-PDGFRB anti 
body (inset). The graph is derived from three experiments. 

[0014] FIG. 2 shoWs a comparison of the inhibitory effects 
of BMS-354825 and imatinib in A10 cells. (A) A10 cells 
Were serum-starved, pre-incubated With indicated concen 
trations of BMS-354825 or imatinib for 20 min, and then 
stimulated With PDGF-BB (5 ng/ml, 5 min). Cell lysate 
supematants Were analyZed by immunoblotting similar to 
that described in FIG. 1A legend. (B) Quanti?cation of 
PDGFR pTyr signal intensities. Data Were from tWo experi 
ments. 

[0015] FIG. 3 shoWs the inhibitory effects of BMS-354825 
in primary culture of human AoSMCs. Human AoSMCs 
Were deprived from serum for 18 h, pre-incubated With 
indicated concentrations of BMS-354825 for 20 min and 
then stimulated With PDGF-BB (5 ng/ml, 5 min). Cell lysate 
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supematants Were analyZed for activation of PDGFR, 
STAT3, Akt, and Erk2 by immunoblotting. 

[0016] FIG. 4 shoWs the inhibition of Src tyrosine kinase 
by BMS-354825. (A) c-Src Was immunoprecipitated from 
serum-starved A10 cells (0) or A10 cells stimulated With 
PDGF (5 ng/ml) for the indicated time in the presence of 
absence of 50 nM BMS-354825. Src kinase activity Was 
determined by autophosphorylation and phosphorylation of 
GST-Gabl CT in the immune complex kinase assay (Ren et 
al., 2004). After autoradiography, the ?lter Was used for 
immunoblotting analysis With an anti-Src antibody (loWer 
panel). (B) c-Src Was immunoprecipitated from serum 
starved A10 cells treated With the indicated concentrations 
of BMS-354825 for 20 min and Src kinase activity Was 
determined. (C) Quanti?cation of radioactive signal from 
c-Src autophosphorylation and phosphorylation of GST 
GablCT. The data Were from tWo experiments performed in 
duplicate (n=4). 
[0017] FIG. 5 shoWs IGF-lR and EGFR are insensitive to 
BMS-354825. A10 cells Were serum-starved, pretreated 
With indicated concentrations of BMS-354825 (20 min) and 
then stimulated With IGF-l (10 ng/ml, 10 min) or EGF (10 
ng/ml, 10 min). IGF-lR or EGFR Was immunoprecipitated 
from cell lysate supernatants and analyZed by antibodies to 
pTyr and IGF-lR (A) or pTyr and EGFR (B). 

[0018] FIG. 6 shoWs the effect of BMS-354825 on PDGF 
stimulated cell migration. TransWell cell migration assay 
Was performed using PDGF-BB (5 ng/ml) as the chemoat 
tractant in the presence or absence of BMS-354825 as 
indicated. (A) For A10 cells, l><l04 cells Were loaded into 
the upper chamber of each Well. Each ?eld Was 0.8><0.6 mm. 
The data Were from 2 (lanes 2, 3, 4) to 4 experiments 
performed in duplicate. (B) Representative vieWs of 
migrated cells from each sample. Different microscopes 
Were used to acquire data for (A) and (B). Each area in these 
photos is l.0><0.8 mm. (C) For human AoSMCs, 0.5><l04 
cells per Well Were used. The results Were from tWo experi 
ments performed in duplicate. 

[0019] FIG. 7 shoWs the inhibition of PDGF-stimulated 
cell proliferation and cell cycle progression by 
BMS-354825. (A) and (B) A10 cells (2><l04 cells/Well) or 
human AoSMCs (3.5><l04 cells/Well) Were cultured in 
DMEM/l% FBS plus indicated PDGF-BB and 
BMS-354825 for 6 days and viable cell number Were 
determined. Data represent tWo triplicate experiments. (C) 
A10 cells Were incubated With or Without PDGF-BB (10 
ng/ml) and indicated concentrations of BMS-354825 for 16 
h and processed for propidium iodide staining and How 
cytometric analysis. The data represent tWo experiments 
performed in duplicate. (D) A10 cells (2><l04 cells/Well) 
Were cultured in DMEM/ 1% FBS plus PDGF-BB in the 
presence of indicated concentrations of BMS-354825 for 6 
days. After Which, cells Were Washed and cultured in 
DMEM/l% FBS plus PDGF-BB With or Without BMS 
354825 for another 6 days. Viable cell number Was deter 
mined on Day 12. The data Were from three experiments 
performed in duplicate. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] Abnormal migration and proliferation of vascular 
smooth muscle cells (V SMCs) are key events in the patho 
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genesis of restenosis that undermine the long-term bene?t of 
Widely performed balloon angioplasty and stenting proce 
dures. Platelet-derived growth factor (PDGF) is a potent 
mitogen and motogen for VSMCs and is knoWn to play a 
prominent role in the intimal accumulation of smooth 
muscle cells. In this study, We analyZed the effects of a novel 
protein tyrosine kinase inhibitor, BMS-354825 (dasatinib), 
on PDGF-stimulated VSMCs. BMS-354825 is an orally 
bioavailable dual Src/Bcr-Abl tyrosine kinase inhibitor cur 
rently undergoing clinical trials in cancer patients. We found 
that BMS-354825 inhibited PDGF-stimulated activation of 
PDGF receptor (PDGFR), STAT3, Akt, and Erk2 in rat A10 
VSMCs and in primary cultures of human aortic smooth 
muscle cells (AoSMCs) at loW nanomolar concentrations. 
The 50% inhibition of the PDGFRB tyrosine kinase activity 
in vitro by BMS-354825 Was observed at 4 nM. Direct 
comparison of BMS-354825 and another PDGFR inhibitor, 
imatinib (Gleevec, STI571), in VSMCs indicated that BMS 
354825 is 67-fold more potent than imatinib in inhibition of 
PDGFR activation. BMS-354825 also inhibited Src tyrosine 
kinase in A10 cells. At the cell level, PDGF stimulated 
migration and proliferation of A10 cells and human 
AoSMCs, both of Which Were inhibited by BMS-354825 in 
a concentration dependent manner in the loW nanomolar 
range. These results suggest that BMS-354825 is a potent 
inhibitor of PDGF-stimulated VSMC activities and a poten 
tial agent for the development of a neW therapy for vascular 
obstructive diseases such as restenosis. 

[0021] Dasatinib (EMS-354825, SPRYCEL) has been 
approved by the Us. FDA (Jun. 28, 2006) for (1) treatment 
of adults With all phases of chronic myeloid leukemia 
(CML) With resistance or intolerance to prior therapy, 
including Gleevec (imatinib mesylate) and (2) treatment of 
adults With Philadelphia chromosome-positive acute lym 
phoblastic leukemia (Ph+ALL) With resistance or intoler 
ance to prior therapy. We demonstrate here that it is very 
effective in inhibiting PDGF-stimulated VSMC migration 
and proliferation. VSMC migration and proliferation are 
critical events in the development of restenosis and stenosis, 
Which are the major problems for the long-term efficacy of 
the Widely performed angioplasty and stenting procedures 
and the coronary artery bypass operation for coronary artery 
disease. Thus, in addition to being a promising anti-cancer 
drug, BMS-354825 is a potential novel therapeutic agent for 
cardiovascular diseases involving abnormal VSMC activi 
ties such as restenosis and stenosis. 

[0022] Dasatinib is the generic name for the compound 
N- (2 -chloro-6-methylphenyl) -2 -[[6-[4[(2 -hydroxyethyl)-l - 
pipperaZinyl]-2-methyl-4-pyrimidinyl]amino]-5-thiaZole 
carboxamide, monohydrate, also knoWn as BMS-354825 
and SPRYCEL, of the folloWing formula I: 

(1) 

HO 

\/\U H 0 Cl N N S 
/ 
W \ N ‘H2O | / H 
NYN N H3C 

CH3 
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[0023] The compounds of Formula I may be prepared by 
the procedures described in PCT publication, W0 00/ 62778 
published Oct. 26, 2000. The compound of formula I may be 
administered as described therein or as described in 

WO2004/ 085388, or as further described beloW With respect 
to the treatment of restenosis/artery obstructive diseases. 

[0024] Amounts of dasatinib (EMS-354825) effective to 
treat restenosis Would broadly range betWeen about 10 mg. 
and about 150 mg. per day, more generally range betWeen 
about 35 mg. and about 140 mg. per day, and preferably 
betWeen about 70 mg. and about 140 mg. per day (admin 
istered orally tWice a day). The rationale for the preferred 
dose range is based upon BMS-354825 dosing for CML and 
the clinical pharmacology data presented in “Dasatinib 
(EMS-354825) Oncologic Drug Advisory Committee 
(ODAC) brie?ng document, NDA-2l-986, in Which the 
Cmax Was betWeen approximately 60-120 nM. Whereas 
treatment of CML require high doses of dasatinib (BMS 
354825) in order for the drug to reach its targets, such as the 
bone marroW, the arteries should be effectively targeted With 
loWer doses because of relatively high concentrations of 
drug in the bloodstream folloWing its oral administration and 
absorption in the intestine. These loWer BMS-354825 doses 
should minimize the risk of toxicity. It is further envisioned 
that BMS-354825 may be administered either alone or in 
conjunction With therapies aimed at blocking vascular 
smooth muscle cell proliferation and in?ammation such as 
sirolimus-eluting stent and a paclitaxel-eluting stent. 

[0025] The present invention also encompasses a pharma 
ceutical composition useful in the treatment of artery 
obstructive diseases, particularly restenosis, comprising the 
administration of a therapeutically effective amount of the 
compound of the present invention, either alone or in 
combination With other compounds useful in the treatment 
of artery obstructive diseases, With or Without pharmaceu 
tically acceptable carriers or diluents. The compositions of 
the present invention may further comprise one or more 
pharmaceutically acceptable additional ingredient(s) such as 
alum, stabiliZers, antimicrobial agents, buffers, coloring 
agents, ?avoring agents, adjuvants, and the like. The com 
positions of the present invention may be administered 
orally or parenterally including the intravenous, intramus 
cular, intraperitoneal, subcutaneous, rectal and topical routes 
of administration. 

[0026] The compositions of the present invention may be 
delivered as a coating, or otherWise integral to, an implant 
able medical device such as stents. Coated implantable 
devices may be prepared as described in Us. Pat. No. 
6,585,764 to Wright et al. and US2005/0214343Al to 
Tremble et al. The coated stent may further comprise one or 
more 

[0027] For oral use, the compositions of this invention 
may be administered, for example, in the form of tablets or 
capsules, poWders, dispersible granules, or cachets, or as 
aqueous solutions or suspensions. In the case of tablets for 
oral use, carriers Which are commonly used include lactose, 
corn starch, magnesium carbonate, talc, and sugar, and 
lubricating agents such as magnesium stearate are com 
monly added. For oral administration in capsule form, useful 
carriers include lactose, corn starch, magnesium carbonate, 
talc, and sugar. When aqueous suspensions are used for oral 
administration, emulsifying and/or suspending agents are 
commonly added. 
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[0028] In addition, sweetening and/or ?avoring agents 
may be added to the oral compositions. For intramuscular, 
intraperitoneal, subcutaneous and intravenous use, sterile 
solutions of the active ingredient(s) are usually employed, 
and the pH of the solutions should be suitably adjusted and 
buffered. For intravenous use, the total concentration of the 
solute(s) should be controlled in order to render the prepa 
ration isotonic. 

[0029] For preparing suppositories according to the inven 
tion, a loW melting Wax such as a mixture of fatty acid 
glycerides or cocoa butter is ?rst melted, and the active 
ingredient is dispersed homogeneously in the Wax, for 
example by stirring. The molten homogeneous mixture is 
then poured into conveniently siZed molds and alloWed to 
cool and thereby solidify. 

[0030] Liquid preparations include solutions, suspensions 
and emulsions. Such preparations are exempli?ed by Water 
or Water/propylene glycol solutions for parenteral injection. 
Liquid preparations may also include solutions for intranasal 
administration. 

[0031] Aerosol preparations suitable for inhalation may 
include solutions and solids in poWder form, Which may be 
in combination With a pharmaceutically acceptable carrier, 
such as an inert compressed gas. 

[0032] Also included are solid preparations Which are 
intended for conversion, shortly before use, to liquid prepa 
rations for either oral or parenteral administration. Such 
liquid forms include solutions, suspensions and emulsions. 

[0033] The composition described herein may also be 
delivered transderrnally. The transderrnal compositions can 
take the form of creams, lotions, aerosols and/or emulsions 
and can be included in a transderrnal patch of the matrix or 
reservoir type as are conventional in the art for this purpose. 

[0034] The combinations of the present invention may 
also be used in conjunction With other Well knoWn therapies 
that are selected for their particular usefulness against the 
condition that is being treated. 

[0035] The effective amount of the compounds of the 
combination of the present invention may be determined by 
one of ordinary skill in the art, and includes exemplary 
dosage amounts for an adult human of from about 0.1 to 2 
mg/kg of body Weight of active compound per day, prefer 
ably at a dose from 0.1 to 2 mg/kg of body Weight Which 
may be administered in a single dose or in the form of 
individual divided doses, such as from 1 to 2 times per day. 
It Will be understood that the speci?c dose level and fre 
quency of dosage for any particular subject may be varied 
and Will depend upon a variety of factors including the 
activity of the speci?c compound employed, the metabolic 
stability and length of action of that compound, the species, 
age, body Weight, general health, sex and diet of the subject, 
the mode and time of administration, rate of excretion, drug 
combination, and severity of the particular condition. Sub 
jects for treatment include animals, most preferably mam 
malian species such as humans, and domestic animals such 
as dogs, cats and the like, subject to protein tyrosine kinase 
associated disorders. 

[0036] When administered intravenously, the compounds 
of the combination of the present invention, are preferably 
administered using the formulations of the invention. 
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[0037] As discussed above, compounds of the combina 
tion of the present invention, can be administered orally, 
intravenously, or both or as drug-eluting stents. In particular, 
the methods of the invention encompass dosing protocols 
such as once a day for 2 to 10 days, every 3 to 9 days, every 
4 to 8 days and every 5 days. In one embodiment there is a 
period of 3 days to 5 Weeks, 4 days to 4 Weeks, 5 days to 3 
Weeks, and 1 Week to 2 Weeks, in betWeen cycles Where 
there is no treatment. In another embodiment the compounds 
of the combination of the present invention can be admin 
istered orally, intravenously, or both, once a day for 3 days, 
With a period of 1 Week to 3 Weeks in betWeen cycles Where 
there is no treatment. In yet another embodiment the com 
pounds of the combination of the present invention can be 
administered orally, intravenously, or both, once a day for 5 
days, With a period of 1 Week to 3 Weeks in betWeen cycles 
Where there is no treatment. 

[0038] Because of local delivery afforded by the release of 
the compound from a drug-eluting stent, the locally deliv 
ered dasatinib Will likely result in less toxicity. Therefore, 
higher doses Would be appropriate., such as 50-200 nM. 
(based upon dasatinib Mr=488. 50 nM=~25 ng/ml, 100 
nM=~50 ng/ml, 200 nM=100 ng/ml, in the oral delivery 
route, 140 mg/day, Cmax is about 30-60 ng/ml). 

[0039] In one embodiment the treatment cycle for admin 
istration of the compounds of the combination of the present 
invention, is once daily for 5 consecutive days and the 
period betWeen treatment cycles is from 2 to 10 days, or one 
Week. In one embodiment, a combination of the compound 
of the present invention, is administered once daily for 5 
consecutive days, folloWed by 2 days When there is no 
treatment. 

[0040] The compounds of the combination of the present 
invention can also be administered orally, intravenously, or 
both, once every 1 to 10 Weeks, every 2 to 8 Weeks, every 
3 to 6 Weeks, and every 3 Weeks. 

[0041] In another embodiment of the invention, the com 
pound of formula I may be administered in a dose of 15-200 
mg tWice a day, or 30-100 mg tWice a day. In one embodi 
ment, the compound of formula I may be administered at 70 
mg tWice a day. In another embodiment, the compound of 
formula I may be administered in a dose of 50-300 mg once 
a day, or 100- 200 mg once a day. 

[0042] Alternatively, the compound of formula I may be 
administered in a dose of 70-150 mg tWice a day or 140-250 
mg once a day. Alternatively, the compound of formula I 
may be administered at 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 
80, 90, 100, 110, 120, 130 or 140 mg tWice a day, or doses 
in betWeen. 

[0043] Alternatively, the compound of formula I may be 
administered at 20, 30, 40, 50, 60, 70, 80, 100, 120, 140, 
160, 180, 200, 220 or 240 mg once a day, or doses in 
betWeen. The compound of formula I may be administered 
either continuously or on an alternating schedule, such as 5 
days on, 2 days off, or some other schedule as described 
above. 

[0044] The combinations of the instant invention may also 
be co- administered With other Well knoWn therapeutic 
agents that are selected for their particular usefulness against 
the condition that is being treated. Combinations of the 
instant invention may alternatively be used sequentially With 
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known pharmaceutically acceptable agent(s) When a mul 
tiple combination formulation is inappropriate. 

[0045] The therapeutic agent(s) can be administered 
according to therapeutic protocols Well knoWn in the art. 

[0046] It Will be apparent to those skilled in the art that the 
administration of the therapeutic agent(s) can be varied 
depending on the disease being treated and the knoWn effects 
of the therapeutic agent(s). Also, in accordance With the 
knowledge of the skilled clinician, the therapeutic protocols 
(e.g., dosage amounts and times of administration) can be 
varied in vieW of the observed effects of the administered 
therapeutic agents on the patient, and in vieW of the 
observed responses of the disease to the administered thera 
peutic agents. 

[0047] The invention also relates to a kit, Wherein the 
agents/compounds are disposed in separate containers. The 
invention also relates to a kit according to any of the 
foregoing, further comprising integrally thereto or as one or 
more separate documents, information pertaining to the 
contents or the kit and the use of the agents/inhibitors. The 
invention also relates to a kit according to any of the 
foregoing, Wherein the compositions are formulated for 
reconstitution in a diluent. The invention also relates to a kit 
according to any of the foregoing, further comprising a 
container of sterile diluent. The invention also relates to a kit 
according to any of the foregoing, Wherein said composi 
tions are disposed in vials under partial vacuum sealed by a 
septum and suitable for reconstitution to form a formulation 
effective for parental administration. 

[0048] Terminolgy 
[0049] The term “about” or “approximately” means Within 
an acceptable error range for the particular value as deter 
mined by one of ordinary skill in the art, Which Will depend 
in part on hoW the value is measured or determined, i.e., the 
limitations of the measurement system, i.e., the degree of 
precision required for a particular purpose, such as a phar 
maceutical formulation. For example, “about” can mean 
Within 1 or more than 1 standard deviations, per the practice 
in the art. Alternatively, “about” can mean a range of up to 
20%, preferably up to 10%, more preferably up to 5%, and 
more preferably still up to 1% of a given value. Alterna 
tively, particularly With respect to biological systems or 
processes, the term can mean Within an order of magnitude, 
preferably Within 5-fold, and more preferably Within 2-fold, 
of a value. Where particular values are described in the 
application and claims, unless otherWise stated the term 
“about” meaning Within an acceptable error range for the 
particular value should be assumed. 

[0050] “Restenosis” is the renarroWing of an artery or 
other blood vessel folloWing treatment, such as angioplasty, 
stent or bypass surgery, for coronary artery disease. Rest 
enosis may also occur in valves after balloon valvuloplasty. 
Restenosis is less common in stented arteries. 

[0051] “Stenosis” is the narroWing or constriction of an 
opening, such as a blood vessel or heart valve. Fat, choles 
terol and other substances that accumulate over time may 
clog the artery. One Way to Widen a coronary artery is by 
using balloon angioplasty. Restenosis (renarroWing) of the 
Widened segment occurs in some patients Who undergo 
balloon angioplasty Within about six months of the proce 
dure. Restenosed arteries may have to undergo another 
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angioplasty. One Way to help prevent restenosis is by using 
stents. Restenosis is less common in stented arteries. Steno 
sis can also occur after a coronary artery bypass graft 
operation. This procedure is done to reroute, or “bypass,” 
blood around clogged arteries. It also improves the supply of 
blood and oxygen to the heart. In this case, the stenosis may 
occur in the transplanted blood vessel segments. Like other 
stenosed arteries, they may need angioplasty or atherectomy 
to reopen them. 

[0052] “Therapeutically effective amount” refers to an 
amount of a compound of the present invention alone or an 
amount of the combination of compounds claimed or an 
amount of a compound of the present invention in combi 
nation With other active ingredients effective to treat the 
diseases described herein. 

[0053] As used in relation to the invention, the term 
“treating” or “treatment” and the like should be taken 
broadly. They should not be taken to imply that an animal is 
treated to total recovery. Accordingly, these terms include 
amelioration of the symptoms or severity of a particular 
condition or preventing or otherWise reducing the risk of 
further development of a particular condition. 

[0054] It should be appreciated that methods of the inven 
tion may be applicable to various species of subjects, 
preferably mammals, more preferably humans. 

[0055] As used herein, the compounds of the present 
invention include the pharmaceutically acceptable deriva 
tives thereof 

[0056] A “pharmaceutically-acceptable derivative” 
denotes any salt, ester of a compound of this invention, or 
any other compound Which upon administration to a patient 
is capable of providing (directly or indirectly), such as a 
prodrug, a compound of this invention, or a metabolite or 
residue thereof 

[0057] The term “pharmaceutically-acceptable salts” 
embraces salts commonly used to form alkali metal salts and 
to form addition salts of free acids or free bases. The nature 
of the salt is not critical, provided that it is pharmaceutically 
acceptable. Suitable pharmaceutically-acceptable acid addi 
tion salts may be prepared from an inorganic acid or from an 
organic acid. Examples of such inorganic acids are hydro 
chloric, hydrobromic, hydroiodic, nitric, carbonic, sulfuric 
and phosphoric acid. Appropriate organic acids may be 
selected from aliphatic, cycloaliphatic, aromatic, aryla 
liphatic, heterocyclic, carboxylic and sulfonic classes of 
organic acids, example of Which are formic, acetic, adipic, 
butyric, propionic, succinic, glycolic, gluconic, lactic, malic, 
tartaric, citric, ascorbic, glucuronic, maleic, fumaric, pyru 
vic, aspartic, glutamic, benZoic, anthranilic, mesylic, 4-hy 
droxybenZoic, phenylacetic, mandelic, embonic (pamoic), 
methanesulfonic, ethanesulfonic, ethanedisulfonic, benZe 
nesulfonic, pantothenic, 2-hydroxyethanesulfonic, toluene 
sulfonic, sulfanilic, cyclohexylaminosulfonic, camphoric, 
camphorsulfonic, digluconic, cyclopentanepropionic, dode 
cylsulfonic, glucoheptanoic, glycerophosphonic, heptanoic, 
hexanoic, 2-hydroxy-ethanesulfonic, nicotinic, 2-naphthale 
nesulfonic, oxalic, palmoic, pectinic, persulfuric, 2-phenyl 
propionic, picric, pivalic propionic, succinic, tartaric, thio 
cyanic, mesylic, undecanoic, stearic, algenic, 
[3-hydroxybutyric, salicylic, galactaric and galacturonic 
acid. Suitable pharmaceutically-acceptable base addition 
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salts include metallic salts, such as salts made from alumi 
num, calcium, lithium, magnesium, potassium, sodium and 
Zinc, or salts made from organic bases including primary, 
secondary and tertiary amines, substituted amines including 
cyclic amines, such as caffeine, arginine, diethylamine, 
N-ethyl piperidine, aistidine, glucamine, isopropylamine, 
lysine, morpholine, N-ethyl morpholine, piperaZine, piperi 
dine, triethylamine, trimethylamine. All of these salts may 
be prepared by conventional means from the corresponding 
compound of the invention by reacting, for example, the 
appropriate acid or base With the compound of the invention. 
When a basic group and an acid group are present in the 
same molecule, a compound of the invention may also form 
internal salts. 

[0058] The term “prodrug,” as used herein, refers to 
compounds Which are rapidly transformed in vivo to the 
parent compound of the above formula, for example, by 
hydrolysis in blood. A thorough discussion is provided by T. 
Higuchi and V. Stella, “Pro-drugs as Novel Delivery sys 
tems,” Vol. 14 of the A. C. S. Symposium Series, and in 
EdWard B. Roche, ed., “Bioreversible Carriers in Drug 
Design,” American Pharmaceutical Association and Perga 
mon Press, 1987, both of Which are incorporated herein by 
reference. 

[0059] The term “coated” With reference to a stent or other 
implantable medical device is meant to be interpreted 
broadly to include compounds on the surface or otherWise 
integral to the device such that the therapeutic compound 
elutes from the device upon implantation in the subject. 

[0060] The present invention is described beloW in 
examples Which are intended to further describe the inven 
tion Without limitation to its scope. 

EXAMPLE 1 

[0061] BMS-354825 Inhibits PDGF-activated Signaling 
PathWays in VSMCs. 

[0062] To determine if BMS-354825 could inhibit 
PDGFR activation in VSMCs, We treated serum-starved rat 
A10 cells With PDGF-BB (5 ng/ml) for 0-30 min in the 
presence or absence of 50 nM BMS-354825. Cell lysates 
Were analyZed for activation of PDGFRB, STAT3, Akt, and 
Erk2 by immunoblotting analyses (FIG. 1A). PDGFRB is 
the predominant PDGFR subunit in VSMCs (Raines, 2004) 
and the only functional PDGFR subunit in A10 cells (Rao et 
al., 1997). STAT3, Akt, and Erk2 signaling pathWays have 
been reported to mediate PDGF-induced cell migration and 
proliferation in VSMCs (Graf et al., 1997; Kim et al., 2005; 
Neeli et al., 2004; Shibata et al., 2003; Vantler et al., 2005; 
Zhan et al., 2003). PDGF treatment markedly increased 
PDGFRB tyrosine phosphorylation, Which Was detectable at 
the earliest time point examined (1 min). BMS-354825 (50 
nM) effectively blocked PDGF-stimulated PDGFRB 
tyrosine phosphorylation at all time points examined. FIG. 
1A also shoWs that STAT3, Akt, and Erk2 Were activated by 
PDGF in A10 cells as measured by activation-speci?c 
phosphorylation and these Were inhibited by BMS-354825. 

[0063] We next immunoprecipitated PDGFRB from A10 
cells that had been treated With PDGF-BB (5 ng/ml, 5 min) 
in the presence of 0-25 nM BMS-354825 and then analyZed 
the PDGFR tyrosine phosphorylation by immunoblotting. 
As illustrated in FIG. 1B, tyrosine phosphorylation of 
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PDGFR Was induced by PDGF stimulation in A10 cells; the 
response Was inhibited by BMS-354825 With an IC5O of 3 
nM in this assay. 

[0064] To con?rm that BMS-354825 inhibits PDGFR 
tyrosine kinase activity, PDGFRB Was immunoprecipitated 
from A10 cells With or Without prior PDGF stimulation (5 
ng/ml, 5 min). The PDGFR tyrosine kinase activity Was 
determined in vitro in the immune complexes by autophos 
phorylation in the presence of various concentrations of 
BMS-354825. As shoWn in FIG. 1C, BMS-354825 inhibited 
PDGFR tyrosine kinase activity in a concentration-depen 
dent manner. The 50% inhibition of PDGFRB phosphory 
lation Was observed at 4 nM BMS-354825. 

EXAMPLE 2 

[0065] Comparison ofPDGFR Inhibition by BMS-354825 
and Imatinib. 

[0066] In addition to inhibiting Bcr-Abl and c-Kit, ima 
tinib also inhibits PDGFR tyrosine kinase. To compare the 
inhibition of PDGFR in VSMCs by BMS-354825 and 
imatinib, A10 cells Were pre-incubated With various con 
centrations of BMS-354825 or imatinib, stimulated With 
PDGF-BB, and activation of PDGFR, STAT3, Akt, and Erk2 
Were analyZed. FIG. 2A shoWs that PDGF-stimulated 
PDGFRB tyrosine phosphorylation Was completely blocked 
by 50 nM BMS-354825. In contrast, 5 uM imatinib Was 
required to achieve the same level of PDGFR inhibition in 
parallel experiments. Similarly, complete inhibition of 
PDGF-stimulated Akt and Erk2 activation Were observed in 
cells treated With 50 nM BMS-354825 but only With 5 uM 
imatinib, Whereas decrease in STAT3 tyrosine phosphory 
lation appeared at loWer concentrations of imatinib (FIG. 
2A). Of note, inhibition of Akt by both BMS-354825 and 
imatinib Was observed only at the highest drug concentration 
tested. This may be due to the fact that PDGFR is a strong 
activator of the phosphoinositide-3 kinase signaling path 
Way because it binds phosphoinositide-3 kinase directly. 
Comparison of 50% inhibition of PDGFR tyrosine phos 
phorylation by BMS-354825 and imatinib in these experi 
ments indicated that BMS-354825 Was 67-fold more potent 
than imatinib in inhibiting PDGFR tyrosine phosphorylation 
(FIG. 2B). 

EXAMPLE 3 

[0067] 
354825. 

[0068] To exclude the possibility that the potent inhibition 
of PDGFR by BMS-354825 is speci?c to rat VSMCs, We 
examined the effect of BMS-354825 in primary cultures of 
human AoSMCs. Human AoSMCs Were pre-incubated With 
0-50 nM BMS-354825 and then stimulated With PDGF-BB 
(5 ng/ml, 5 min). PDGFR tyrosine phosphorylation and 
activation of STAT3, Akt, and Erk2 Were analyZed. PDGF 
markedly induced PDGFR tyrosine phosphorylation in 
human AoSMCs (FIG. 3). Similar to that observed in A10 
cells, the PDGF-stimulated PDGFR tyrosine phosphoryla 
tion Was completely blocked by 50 nM BMS-354825. 

Inhibition of PDGFR in Human AoSMCs by BMS 

[0069] The primary culture of human AoSMCs appeared 
to have an elevated level of active STAT3 in the absence of 
PDGF stimulation (FIG. 3). Nevertheless, STAT3 Was fur 
ther activated by PDGF, Which Was blocked by BMS 



US 2007/0123539 A1 

354825. BMS-354825, however, Was unable to reduce the 
active STAT3 to a level below the basal activation state in 
human AoSMCs. Similar to data obtained in A10 cells (FIG. 
2), complete inhibition of PDGF-stimulated Akt and Erk2 
activation Was achieved at 50 nM BMS-354825 in human 
AoSMCs (FIG. 3). 

[0070] Inhibition of 
BMS-354825 in VSMCs. 

[0071] To determine if BMS-354825 inhibits c-Src activ 
ity in VSMCs, c-Src Was immunoprecipitated from serum 
starved A10 cells treated With PDGF-BB (5 ng/ml) for 0-30 
min in the presence or absence of 50 nM BMS-354825, and 
the Src tyrosine activity Was determined by an immune 
complex kinase assay using a GST fusion protein of Gabl 
fragment as an exogenous substrate (Ren et al., 2004). c-Src 
isolated from A10 cells Without exposure to BMS-354825 
and PDGF had detectable kinase activity (FIG. 4A). This 
kinase activity Was reduced to a residual level in c-Src 
isolated from BMS-354825-treated cells (FIG. 4A). PDGF 
treatment did not lead to a detectable increase in c-Src kinase 
activity in A10 cells in repeated experiments. Nevertheless, 
similar to that observed in unstimulated cells, the activity of 
c-Src tyrosine kinase in PDGF-stimulated A10 cells Was 
suppressed by BMS-354825 to the residual level (FIG. 4A). 
This result indicated that c-Src Was basally active in A10 
cells and that BMS-354825 effectively inhibited the c-Src 
kinase activity in these cells. 

c-Src Tyrosine Kinase by 

[0072] We next treated A10 cells With various concentra 
tions of BMS-354825, immunoprecipitated c-Src and 
assayed its tyrosine kinase activity to determine the concen 
tration-dependent effect of BMS-354825 on c-Src in A10 
cells. FIG. 2B shoWs that BMS-354825 potently inhibited 
c-Src tyrosine kinase in A10 cells. The IC5O for inhibition of 
c-Src autophosphorylation Was 2.25 nM While the IC5O for 
inhibition the exogenous substrate (GST-GablCT) Was 2.0 
nM. 

EXAMPLE 4 

[0073] IGF-lR and EGFR in A10 cells are not sensitive to 
BMS-354825 inhibition. 

[0074] Besides PDGFR, A10 cells also express IGF-lR 
and EGFR. To assess if BMS-354825 inhibits other receptor 
tyrosine kinases in VSMCs, We examined the effects of 
BMS-354825 on these tWo receptor tyrosine kinases in A10 
cells. As shoWn in FIG. 5, IGF-l induced IGF-lR tyrosine 
phosphorylation, Whereas EGF induced EGFR tyrosine 
phosphorylation in A10 cells. No detectable inhibition of 
IGF-lR and EGFR tyrosine phosphorylation Was observed 
WhenA10 cells Were treated With up to 50 nM BMS-354825. 
These data are consistent With a previous report that the 
ICSOS for inhibition of IGF-lR and EGFR by BMS-354825 
in the in vitro kinase assays Were >5 uM and 180 nM, 
respectively (Lombardo et al., 2004). 

EXAMPLE 5 

[0075] BMS-354825 Inhibits PDGF-stimulated VSMC 
Migration. 
[0076] Migration of VSMCs plays a critical role in the 
development of restenosis. PDGF is a potent migratory 
stimulus for VSMCs. TransWell cell migration assay Was 
performed to determine the effect of BMS-354825 on 
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PDGF-induced VSMCs migration. A10 cells had a loW basal 
migration activity. PDGF (5 ng/ml) stimulated A10 cell 
migration 7-fold in our assay. This response Was inhibited by 
BMS-354825 in a concentration-dependent manner (FIGS. 
6A-B). Consistent With the biochemical data, complete 
inhibition of PDGF-stimulated A10 cells migration Was 
observed at 50 nM BMS-354825. 

[0077] The primary human AoSMCs had a higher basal 
migration activity, Which is 4 times that of A10 cells. In the 
presence of PDGF (5 ng/ml), migration of human AoSMCs 
Was increased 3-fold. Again, PDGF-stimulated human 
AoSMC cell migration Was inhibited by BMS-354825 (FIG. 
6C). 

EXAMPLE 6 

[0078] Inhibition of VSMC proliferation by BMS-354825. 

[0079] To determine the effect of BMS-354825 on PDGF 
stimulated VSMC proliferation, rat A10 cells Were incu 
bated in medium containing loW serum (1% FBS), PDGF 
(10 ng/ml), and/or 0-50 nM BMS-354825 for 6 days and 
viable cell numbers Were determined. As shoWn in FIG. 7A, 
A10 cell proliferation Was stimulated 5-fold by PDGF. 
BMS-354825 effectively inhibited PDGF-stimulated A10 
cell proliferation. Complete inhibition Was achieved at 50 
nM of BMS-354825. Similar results Were obtained in human 
AoSMCs (FIG. 7B). 

[0080] We next analyzed the effect of BMS-354825 on 
PDGF-induced change in cell cycle phase distribution. FIG. 
6C shoWs that PDGF decreased the percentage of cells in G1 
phase from 88.65% to 65.44%, While it increased the per 
centages of cells in S and G2 phases from 10.4% and 0.99% 
to 23.83% and 10.74%, respectively. The effect of PDGF 
Was suppressed by BMS-354825, such that in the percent 
ages of cells in G1, S, and G2 phases Were 88.29%, 7.99% 
and 3.75% in cells treated With PDGF in the presence of 50 
nM BMS-354825 (FIG. 7C). 

[0081] A previous study shoWed that the PDGFR speci?c 
tyrosine kinase inhibitor AG-1295 could inhibit porcine 
SMC proliferation and the effect Was reversible and not toxic 
(Banai et al., 1998). To evaluate if the inhibitory effect of 
BMS-354825 on A10 cell proliferation is reversible, tWo 
sets of A10 cells Were treated With 0-50 nM BMS-354825 
for 6 days. After this time, BMS-354825 Was removed from 
one set of cells and cells Were cultured for another 6 days. 
Viable cell numbers Were determined on Day 12. As shoWn 
in FIG. 7D, A10 cells proliferation resumed after BMS 
354825 WithdraWal. Thus, the inhibitory effect of BMS 
354825 on A10 cell proliferation Was reversible, suggesting 
that BMS-354825 does not exert a cytotoxic effect on these 
cells. 

[0082] Materials and Methods 

[0083] Antibodies and Reagents: 

[0084] Antibodies to phosphotyrosine, phospho-Akt, and 
phospho-Stat3 Were from Cell Signaling (Beverly, Mass.). 
Anti-PDGFRB (catalog number: 06-498, for immunoblot 
ting) Was from Upstate Biotechnology (Lake Placid, NY). 
Antibodies to PDGFRB (catalog number PC-17, for immu 
noprecipitation) and Src (catalog number OP07, for immune 
complex kinase assay) Were from Calbiochem (San Diego, 
Calif.). Antibodies to Akt, STAT3, Erk1/2, Src (for immu 
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noblotting), insulin-like growth factor-1 receptor (IGF-lR), 
and epidermal growth factor receptor (EGFR) Were from 
Santa CruZ Biotechnology (Santa Cruz, Calif.). The anti 
activated Erk1/2 antibody Was from Promega (Madison, 
Wis.). PDGF-BB Was from PeproTech (Rocky Hill, N.J.). 
Propidium Iodide (PI) and rat tail type I collagen Were from 
Roche (Indianapolis, Ind.). BMS-354825 (N-(2-chloro-6 
methylphenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperaZinyl]-2 
methyl-4-pyrimidinyl]amino]-5-thiaZolecarboxamide 
monohydrate) Was provided by Bristol-Myers Squibb. Ima 
tinib (Gleevec, ST1571) Was provided by Novartis. 

[0085] Cell Culture: 

[0086] The A10 rat aortic smooth muscle cell line Was 
obtained from American Type Culture Collection (Rock 
ville, Md.) and groWn in Dulbecco’s modi?ed Eagle’s 
medium (DMEM) supplemented With 10% fetal bovine 
serum (FBS), 100 units/ml penicillin and 100 ug/ml strep 
tomycin. Primary culture of human aortic smooth muscle 
cells (AoSMCs) Was obtained from Cambrex (Walkersville, 
Md.) and groWn in SmGM-2 Bulletkit® medium (Cambrex) 
plus 100 units/ml penicillin and 100 ug/ml streptomycin. 
Human AoSMCs Were used before the 7th passage. Cells 
Were maintained at 37° C. in a humidi?ed 95% air and 5% 
CO2 incubator. 

[0087] 
[0088] Cells Were lysed in cold lysis buffer [25 mM 
Tris-HCl (pH 7.2), 150 mM NaCl, 25 mM NaF, 1 mM 
benZamidine, 1% Triton X-100, 1 mM Na3VO4, 20 mM 
p-nitrophenyl phosphate, 2 ug/ml leupeptin, 2 ug/ml apro 
tinin, 100 ug/ml phenylmethylsulfonyl ?uoride]. Cell lysate 
supematants Were obtained by microcentrifugation at 4° C. 
for 15 min and the protein concentration Was determined. 
For immunoblotting analysis of cell lysates, cell lysate 
supematants Were heat-denatured in SDS loading buffer. 
Antibodies to activated STAT3, activated Akt, activated 
Erk1/2, and phosphotyrosine Were used to assess the acti 
vation of these molecules and receptor tyrosine kinases by 
immunoblotting. Immunoblotting Was performed essentially 
as described previously (Cunnick et al., 2001; Cunnick et al., 
2002; Ren and Wu, 2003) using the SuperSignal West Pico 
Chemilumiescent reagent (Pierce, Rockford, Ill.). Each 
immunoprecipitation Was performed using 600 ug of cell 
lysate supernatant, 2 ug of speci?c antibody indicated in the 
?gure legends and 30 ul of Protein-A or Protein-G at 4° C. 
for 2 h. Immune complex Was collected by microcentrifu 
gation and Washed three times With the lysis buffer. Quan 
ti?cation of immunoreactive band intensity Was achieved 
using the ImageQuant program (Molecular Dynamics). 

Immunoprecipitation and Immunoblotting: 

[0089] Protein Tyrosine Kinase Assays: 

[0090] PDGFR Was immunoprecipiated With an anti 
PDGFR antibody (Calbiochem, PC17). Immunoprecipitates 
Were Washed tWice With the lysis buffer and tWice With 
kinase buffer [50 mM HEPES (pH 7.4), 10 mM MnCl2, 0.1 
mM Na3VO4]. The immune complex kinase assay Was 
performed in 50 ul reaction mixture [kinase bulfer plus 20 
uCi [y-32P]-ATP, 10 uM ATP] at 30° C. for 15 min. Kinase 
reaction Was terminated by addition of 17 ul of 4><SDS 
loading buffer and heat-denaturation at 95° C. for 10 min. 
Samples Were subjected to 8% SDF-polyacrylamide gel 
electrophoresis, transferred to nitrocellulose membrane. 
Phosphorylation Was quanti?ed by phosphoimage analysis 
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or autoradiography. The immune complex kinase assay for 
c-Src Was performed as described previously (Ren et al., 
2004). 
[0091] Cell Migration Assay: 

[0092] Cell migration Was measured using the TransWell 
cell migration assay (Ren et al., 2004). TransWell cell culture 
insert polycarbonate membrane (6.5 mm, 8.0 pm pore siZe, 
Costar, Corning, N.Y.) Was coated With rat tail type I 
collagen (10 ug/ml in PBS) at 4° C. for 18 h and air-dried. 
VSMCs (80% con?uent) Were serum-starved in DMEM/ 
0.1% BSA for 18 h, detached from plates by digestion With 
1:3 diluted trypsin-EDTA (Invitrogen), Washed With 
DMEM, and resuspended in DMEM/0.1% BSA at 5><104 
cells/ml for A10 cells or 2.5><104 cells/ml for human 
AoSMCs. Cell suspension (0.2 ml per Well) Was incubated 
With BMS-354825 or solvent (DMSO) in 1.5-ml microfuge 
tube for 20 min before been placed in the upper chamber of 
TransWell. The loWer chamber contained 0.6 ml DMEM/ 
0.1% BSA With or Without 5 ng/ml PDGF-BB (PeroTech, 
Rocky Hill, N1.) and BMS-354825. After incubation at 37° 
C./ 5% CO2 for 4 h, cells remaining on the upper membrane 
surface Were mechanically removed With a cotton sWab. 
Migrated cells on the loWer side of membrane Were ?xed 
and stained With the HEMA3 reagents (Fisher Scienti?c, 
SWanee, Ga.) and enumerated under a microscope in eight 
randomly chosen ?elds With 10><10 lens. Each ?eld for 
quanti?cation of the migrated cell number has an area of 
0.8><0.6 mm. 

[0093] Cell Proliferation Analysis: 

[0094] A10 cells and human AoSMC cells Were seeded in 
triplicate at 2><104 per plate in 6-cm plates in DEME/ 1% 
PBS with or Without PDGF-BB (10 ng/ml). After 24 h (Day 
0), cells Were treated With DMSO (solvent) or 10-50 nM 
BMS-354825. Medium Was changed on Day 3. Viable cell 
number Was determined on Day 6 as described (Dorsey et 
al., 2000). For the recovery experiment, cells Were treated as 
above for 6 days and then cultured Without BMS-354825 for 
another 6 days. 

[0095] FloW Cytometric Analysis: 

[0096] A10 cells (80% con?uent) Were serum starved in 
DMEM/0.1% BSA for 24 h. After Which, PDGF-BB (10 
ng/ml) and BMS-354825 or DMSO Was added and the 
incubation Was continued for another 16 h. Cells Were 
collected by trypsiniZation and resuspended in PBS at 5><106 
cells/ml. Cells Were ?xed in cold 70% ethanol, Washed With 
PBS, and incubated With propidium iodide (20 ug/ml) and 
RNase (200 ug/ml) for 1 h at room temperature at a cell 
concentration of 1><106 cells/ml. FloW cytometric analysis of 
cell cycle phase distribution Was performed using a Becton 
Dickinson FACSCalibur ?oW cytometer (Becton Dickinson, 
San Jose, Calif.) and 1><104 events Were recorded for each 
sample. 
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[0136] The disclosure of all publications cited above are 
expressly incorporated herein by reference, each in its 
entirety, to the same extent as if each Were incorporated by 
reference individually. 

[0137] It Will be seen that the advantages set forth above, 
and those made apparent from the foregoing description, are 
ef?ciently attained and since certain changes may be made 
in the above construction Without departing from the scope 
of the invention, it is intended that all matters contained in 
the foregoing description or shoWn in the accompanying 
draWings shall be interpreted as illustrative and not in a 
limiting sense. 

[0138] It is also to be understood that the folloWing claims 
are intended to cover all of the generic and speci?c features 
of the invention herein described, and all statements of the 
scope of the invention Which, as a matter of language, might 
be said to fall therebetWeen. NoW that the invention has been 
described, 

What is claimed is: 
1. A method of treating restenosis or stenosis in a patient 

comprising administering to a patient in need of such 
treatment a composition comprising dasatinib or a pharrna 
ceutically acceptable derivative thereof in an amount effec 
tive to treat restenosis or stenosis. 

2. The method according to claim 1 Wherein the effective 
amount ranges betWeen about 35 and about 150 dasatinib 
per patient per day. 

3. The method according to claim 1 Wherein the effective 
amount ranges betWeen about 35 and about 140 dasatinib 
per patient per day. 

4. The method according to claim 1 Wherein the effective 
amount ranges betWeen about 70 and about 140 dasatinib 
per patient per day. 

5. The method according to claim 1 Wherein the dasatinib 
is administered orally. 

6. The method according to claim 5 further comprising 
administering at least one additional therapeutic agent 
selected from the group consisting of antiplatelet agents, 
antimigratory agents, anti?brotic agents, antiproliferatives, 
antiin?ammatories and combinations thereof 

7. The method according to claim 1 further comprising 
administering to the patient one or more compounds that 
inhibit in?ammation or smooth muscle cell proliferation. 

8. The method according to claim 1 further comprising 
administering to the patient one or more additional thera 
peutic agents. 

9. The method according to claim 8 Wherein the one or 
more additional therapeutic agents is selected from the 
group consisting of sirolimus and paclitaxel. 

10. A method of treating artery obstructive disease in a 
patient comprising administering to a patient in need of such 
treatment a composition comprising dasatinib or a pharrna 
ceutically acceptable derivative or analog thereof in an 
amount effective to treat artery obstructive disease. 

11. The method according to claim 10 further comprising 
administering at least one additional therapeutic agent 
selected from the group consisting of antiplatelet agents, 
antimigratory agents, anti?brotic agents, antiproliferatives, 
antiin?ammatories and combinations thereof 

12. The method according to claim 10 Wherein the effec 
tive amount ranges betWeen about 35 and about 150 dasa 
tinib per patient per day. 
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13. The method according to claim 10 wherein the effec 
tive amount ranges between about 35 and about 140 dasa 
tinib per patient per day. 

14. The method according to claim 10 Wherein the effec 
tive amount ranges betWeen about 70 and about 140 dasa 
tinib per patient per day. 

15. The method according to claim 10 Wherein the dasa 
tinib is administered orally. 

16. A stent having a coating comprising dasatinib or a 
pharmaceutically acceptable derivative thereof. 

17. The stent according to claim 16 further comprising at 
least one additional therapeutic agent coated thereon. 

18. The stent according to claim 17 Wherein the additional 
therapeutic agent is selected from the group consisting of 
antiplatelet agents, antimigratory agents, anti?brotic agents, 
antiproliferatives, antiin?ammatories and combinations 
thereof. 

19. The stent according to claim 17 Wherein the additional 
therapeutic agent is sirolimus. 

20. The stent according to claim 17 Wherein the additional 
therapeutic agent is paclitaxel. 

21. A medical device comprising an implantable device 
having a coating comprising a therapeutic amount of dasa 
tinib or a pharmaceutically acceptable derivative thereof for 
the site-speci?c, controlled release of the therapeutic 
amount. 

22. The medical device according to claim 21 further 
comprising at least one additional therapeutic agent coated 
thereon. 

23. The medical device according to claim 22 Wherein the 
additional therapeutic agent is selected from the group 
consisting of antiplatelet agents, antimigratory agents, anti 
?brotic agents, antiproliferatives, antiin?ammatories and 
combinations thereof. 
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24. A method of inhibiting restenosis or stenosis in a 
patient comprising administering to a patient in need of such 
treatment a composition comprising dasatinib or a pharma 
ceutically acceptable derivative thereof in an amount effec 
tive to inhibit restenosis or stenosis. 

25. The method according to claim 24 Wherein the effec 
tive amount ranges betWeen about 35 and about 150 dasa 
tinib per patient per day. 

26. The method according to claim 24 Wherein the effec 
tive amount ranges betWeen about 35 and about 140 dasa 
tinib per patient per day. 

27. The method according to claim 24 Wherein the effec 
tive amount ranges betWeen about 70 and about 140 dasa 
tinib per patient per day. 

28. The method according to claim 24 Wherein the dasa 
tinib is administered orally. 

29. The method according to claim 28 further comprising 
administering at least one additional therapeutic agent 
selected from the group consisting of antiplatelet agents, 
antimigratory agents, anti?brotic agents, antiproliferatives, 
antiin?ammatories and combinations thereof. 

30. The method according to claim 24 further comprising 
administering to the patient one or more compounds that 
inhibit in?ammation or smooth muscle cell proliferation. 

31. The method according to claim 24 further comprising 
administering to the patient one or more additional thera 
peutic agents. 

32. The method according to claim 31 Wherein the one or 
more additional therapeutic agents is selected from the 
group consisting of sirolimus and paclitaxel. 


