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PHARMACEUTICAL COMPOSITION FOR PREVENTING AND TREATING

ARTERY RESTENOSIS CONTAINING CELECOXIB

Technical Field
This invention is directed to the use of certain pharmaceutical
compositions containing celecoxib for preventing and treating

vascular restenosis.

Background Art

Coronary artery disease has rapidly increased and is a major
cause of morbidity and mortality in the world. Coronary intervention
such as balloon angioplasty and stent implantation has been wi@ely
used tov treat severe, symptomatic coronary étenosis. Although
initially successful, an angioplasty procedure can be complicated
byrestenosisin20—30%ofpmocedﬁres.Theeconomicimpactoftreating
restenosis is very high. As a result, numerous therapies to prévent
restenosis have been tried. Until recently, drug-eluting stents using
antiproliferative drugs are the most promising methods in preventing
restenosis. Here, we focused our attention on celecoxib which is known
to be safe in treating patients and has anti-proliferative and
anti-tumor effects.

Celecoxib is a selective COX-2 inhibitor that has been used
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’extensively'to safely treat patients with arthritis, and to have less
gastrointestinal toxicity than NSAID (nonsteroidal anti-inflammatory
drug) s (Bombardier C, Laine L, Reicin A, et al., N Engl J Med.
2000;343:1520-8, Silverstein FE; Faich G, Goldstein JL, et al., J
Am Med Assoc. 2000;284:1247-55, FitzGerald GA, Patrono C., N Engl
JMed. 2001;345:433~-42) . Moreover, treatment with celecoxib was found
to reduce the number and size of colorectal polyps in patients with
familial adenomatous polyposis (FAP) (Steinbach G, Lynch PM, Phillips
RK, et al., N Engl J Med. 2000;342:1946-5) . Based on these results,
celecoxib has been approved as an adjunctive therapy in patients with
FAP. Selective inhibitors of COX-2 have also been demonstrated to
exert anti-proliferative effects and to induce apoptosis in colon,
stomach, and prostate cancer cells(Hara A, Yoshimi N, Niwa M, et al.,
Jon J Cancer Res. 1997;88:600-4, Erickson BA, Longo WE, Panesar N,
et al., J Surg Res. 1999;81:101-7, Liu XH, Yao S, Kirschenbaum A,
et al., Cancer Res. 1998;58:4245-9, HsuAL, Ching TT, Wang DS, et al.,
J Biol Chem. 2000;275:11397-40), and clinical trials have recently
shown that celecoxib has anti-tumor effects in lung, colon, and
pancreatic cancer(Rahme E, Barkun AN, Toubouti ¥, et al..
Gastroenterology. 2003;125:404-12, Natale RB., Oncology (Huntingt).
2003;17:22-6, Crane CH, Mason K, Janjan NA, et al., Am J Clin Oncol.
2003;26:381-4) .

Recent evidence suggests‘ that these anti-tumor and

anti-proliferative effects of celecoxib are exerted through the
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COX-independent pathways. In particular, it has been demonstrated
that celecoxib induces apoptosis by blocking Akt (PKB, protein kinase
B) activation(HsuAL, Ching TT, Wang DS, et al., J Biol Chen.
2000;275:11397—405 or by inhibiting 3—phosphositidé—dependent
kinase (PDK) -1 activity in cancer cells(Arico S, Pattingre S, Bauvy
C, et al., J Biol Chem. 2002;277:27613-2). Akt regulates cellular
processes including apoptosis, proliferation, migration and survival,
all of which are involved in the development of neointimal hyperplasia.
Akt activates both proliferative and anti—apoptotic signaling by
stimulating growth factors such as VEGF, PDGF, and IGF(Brazil DP,
Hemmings BA., Trends Biochem Sci. 2001;26:657-6). Akt has various
downstream targets such as BAD, mTOR, and Forkhead family
members (Brazil DP, Hemmings BA., Trends Biochem Sci. 2001;26:657-6) .
Akt also phosphorylates and inactivates GSK-3B. We and others have
shown that the Akt-GSK axis is activated in the vessel wall after
balloon injury and stent implantation(Park KW, Yang HM, Youn SW, et
al., Arterioscler Thromb Vasc Biol. 2003;23:1364-9, Shigematsu K,
Koyama H, - Olson NE, et al., Arterioscler Thromb Vasc Biol. "
2000;20:2373-8, Zhou RH, Lee TS, Tsou TC, et al., Arterioscler Thromb
Vasc Biol . 2003;23:2015-2). Furthermore, We recently reported that
constitutively acfive (the dephosphorylated form) GSK-3B gene
transfer inhibits the proliferation of VSMCs, and reduces neointimal
hyperplasia after balloon injury in the fats(Park KW, Yang HM, Youn

SwW, et él., Arterioscler Thromb Vasc Biol. 2003;23:1364-9).
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Thus, we reasoned that celecoxib-mediated suppression of Akt
might inhibit smooth muscle cell proliferation and neointimal
hyperplasia in response to arterial injury after angioplasty or stent
impléntation. After performing these experiments from this idea, we
confirmed that celecoxib has a singnificant effect as a drug for
preventing and treating artery restenosis. Therefore, we could
complete this invention from these results.

To investigate the effects c;f celecoxib on neointimal formation
after balloon injury and its action mechanism, we examined whether
celecoxib inhibits the proliferation of VSMCs by inhibiting
PDGF-induced activation of Akt in vitro. We then examined whether
celecoxib suppresses neointimal hyperplasia after balloon injury by
blocking injury-induced activation of Akt in vivo. We also compared
the effect of celecoxib and aspirin on neointima to investigate
whéther celecoxib exerts 1its effect through COX-dependept or
COX-independent mechanism. In order to teét the hypothesis that the
Akt inhibition by celecoxib is the effector mechanism underlying the
suppression of neointimal formation, we delivered adenoviral vectors
expressing dominant-negative or constitutively active Akt genes to

the rat carotid artery after balloon injury.



WO 2006/019203 PCT/KR2004/002320

Disclosure of the Invention
Pachnical Problem

This invention is provided for the use of certain pharmaceutical
compositions containing celecogib for preventing and treating vascular.

restenosis.

Technical Solution

To solve the above subject, this invention provides pharmaceutical
composition for preventing and treating artery restenosis containing
celecoxib.

The following part deséribes this invention in detail. From this
invention, the pharmaceutical composition for preventiné and treating
artery restenosis contains celecoxib as a valid ingredient.

It is well known that Celecoxib in this invention has an effect on
not only reducing inflammation bqt also reducing the number and size of
colorectal poiyps in patients with familial adenomatous polyposis (FAP) .
Moreover,celecoxibhavealsobeendemonstratedtoexertanti—proliferative
effectsandtoinduceapoptosisincolon,stomach,andprostatecancercélls,
and clinical trials have recently shown that celecoxib has anti-tumor

effects in lung, colon, and pancreatic cancer.

Advantageous Effects
These invention and experiments shows that celecoxib can

significantly reduce neocintimal hyperplasia through an inhibition of
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VSMC (vascular smooth muscle cell) proliferation and an increase in VSMC
apoptosis. From these results, celecoxib can be used for preventing and

treating artery restenosis.

Brief Description of the Drawings
Figure 1 depicts light microscopic findings of VSMCs treated with

variable concentrations of celecoxib. (Magnification x200)

"Figure 2 depicts Western Blot for phosho-Akt and phospho-GSK-38, which
shows that the stimulation of VSMCs with PDGF showed enhanced Akt
phosphorylation compared to the untreated VSMCs. (t-Akt, total-Akt; p-Akt, .

phospho-Akt)

Figure 3 depicts WST-1 assay of VSMC viability after celecoxib
treatment under PDGF(A) or 10% FBS(B) stimulation. * P < 0.01 vs
vehicle-treated group. ** P < 0.01 vs adeno-GFP at 25uM. Celecoxib OuM,

vehicle; myr-Akt, adenovirus of constitutively active Akt; GFP, adenovirus

of Green Fluorescent Protein

Figure 4 depicts effects of celecoxib on DNA synthesis, the cell cycle,
and apoptosis in fDGF culture condition.

(A) BrdU incorporation to measure DNA synthesis. (B) Cell cycle
analysis (C) FACS analysis of the proportion of subdiploid cells.

* P< (.05 vs vehicle (CXB OuM) or only PDGF treatment. CXB, celecoxib.
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Figure 5 depicts low and highmagnification photomicrographs (elastic
van Gieson staining) of the control, celecoxib, and the aspirin-treated

groups. (I, Intima; M, Media; A, Adventitia)

Figure 6 depicts morphometric data.
(A) Intima to Media ratio (I/M ratio) (B) intimal, medial, luminal
areas.

* P < 0.01 vs control group or aspirin treated group.

Figure 7 depicts the results of immunohistochemical staining.

(A)Immunohistochemicalstaining:ﬂm:PCNAat13daysand&2weeks.Black
arrow head indicates PCNA-positive cell. (Magnification x400)

(B) TUNEL assay at 3 days and 2 weeks (first and second rows) and
immunohistochemistry for activated caspase-3 (last row). . Black arrow head
indicates TUNEL-positive cell. I, Intimé; M, Media; A, Adventitia

(Magnification x400)

Figure 8 depicts quantification of PCNA-positive and TUNEL-positive
cell percentage in each group.

*: P < 0.0l vs control

Figure 9 depicts Western blot of arterial samples for phopho-Akt and

phospho-GSK-3pB.
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(A) Natural course of phopho-Akt and phospho~GSK~3p after arterial
injury.

(B) Western blot of arterial samples at 3 days after injury.

Figure 10 depicts effects of DN-Akt and myr-Akt gene transfer on in
vivo neointima formation.

(A) Morphometric Data. I/M ratio, Intima to Media radio; CXB,
celecoxib; ‘Myr—Akt, constitutively active Akt; DN-Akt, dominant
negative-Akt; Con, control. * P < 0.01 vs control group.

(B) intimal, medial, luminal areas.

Figﬁre 11 depicts immunohistochemical staining for PCNA and TUNEL
assay. The black arrow head indicates PCNA-positive or TUNEL-positive cells.

(Magnification x400)

Best Mode

In one embodiment of the present invention, it was implemented to
evaluate the effects of celecoxib on VSMC viability and Akt /GSK-38 signaling
pathway. As seen in figure 1, 2, and 3, celecoxib .suppressed the
phosphorylation of Akt and GSK in cultured VSMCs, which led to a reduction
in viable cell number. This effect was‘reversed by transduction of
cénstitutively active Akt. As seen in figure 4, the decrease in cell number

after celecoxib treatment results from both decreased VSMC proliferation
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and enhanced apoptosis.

In another embodiment of the invention, in vivo, it was implemented
to compare the effects of celecoxib, aspirin, and vehicle on neointimal
formation in ratacarotia injury model. As seen in figure 5 ;nd 6, celecoxib
reduced Intima to Media ratio, whereas aspirin had no effect at 2 weeks
post-injury. As seen in figure 7, 8, and 9, celecoxib reduced injury-induced
phosphorylation of Akt and GSK, reduced.VSMC proliferation, and increased
caspase-3 activation and VSMC apoptosis at 3 days post-injury, whereas
aspirin had no effect.

In yet another embodiment of the present invention, to support our
hypothesis that the inhibition of Akt by celecoxib is the key mechanism
underlying neointimal formation suppression, we delivered adenoviral
vector expressing dominant-negative (DN)-Akt geﬁe or active (myr)-Akt to
rat carotid artery after balloon injury. As seen in figure 10 and 11,
Adenovirus-mediated delivery of dominant-negative-Akt was as effective as
celecoxib at inhibiting neointimal formation. Conversely, gene delivery
of constitutively active Akt significantly reversed the inhibition of
intimal hyperplasia by celecoxib, providing causal evidence that the
modulation of Akt signaling by celecoxib is a physiologically relevant
mechanism.

This celecoxib can be obtained commercially and used as unformulated
form. Celebrex™ is a representative drug of celecoxib being sold at a market.
In the preseht invention, celecoxib was purchased from Pfizer.

The pharmaceutical compositions of this invention can be selected
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and adjusted in consideration of the state of patients, treatment duration
and the purpose. For example, the concentration of celecoxib can be above
5uM. In the present invention, 5uM celecoxib can inhibit neointimal
farmation.

The pharmaceutical compositions of the present invention are very
useful in preventing and treating vascular restenosis. Such vascular
restenosis might be originated from neointimal hyperplasia. Moreover, this
restenosis can be generated from the procedures such as vascular grafting
including coronary artery bypass surgery, revascularization procedures
including angioplasty, stent placement, endarterectomy, other invasive
procedures involving arteries, veins and capillaries.

The pharmaceutical compositions of the present invention may include
a pharmaceutically acceptable carrier or ingredient. Many pharmaceutically
acceptable carriers may be employed. The suitable carriers include nérmal
saline, buffered water, sterile water, glucose, sucrose, glycine, and
glycerole. There is no limitation of acceptable cafriers of the invention.
The compositions may contain pharmaceutically acceptable auxiliary
substances.

In particular embodiments of the invention, celecoxib is used,
administered, or formulated with one or more second active ingredients to
prevent and treat vascular restenosis. Ingredients and excipients employed
in pharmaceutical compositions of the present invention include, but are
not limited.

In another embodiments, the pharmaceutical compositions of the
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present invention can be coated on a stent. The method of coating may include
dip coating or polymer-based coating.

The compositions containing celecoxib can be in the form of, for
example, a tablet, a pill, a'hard or soft capsule, a lozenge, a cache£,
a dispensable powder, granules, a suspension, an elixir, a liquid, or any
other form reasonably adapted for oral or parenteral administration.

For an adult human; a therapeutically effective amount of celecoxib
for preventing and treating vascular restenosis is aboﬁt 50mg to about 800mg
a day. The daily dosage and frequency of administration, and therefore the
selection of appropriate dose unit, dependes on a variety of factors,
including the age, weight, sex and medical condition of the subject, and
the nature and severity of the condition or disorder, and thus may vary

widely.

Mbae of invention

As is indicated herein below, there are some examples for the present
invention. However, these are the simple example of the present invention
and thus the whole contents of the present invention are not limited to

these examples.

EXAMPLES

Process for Making Pharmaceutical Compounds Including Celecoxib

Purified celecoxib was purchased from Pfizer Corporation, and
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dissolved in dimethyl sulfoxide (DMSO) and the final concentration of the

vehicle in all cultures was 0.1%.

Process for Making Adenoviral Vectors

To modulate Akt activity, we used two adenoviral constructs tagged
with the HA (hemagglutinin) epitope, as described previously (Fujio ¥, Walsh
K., J Biol Chem. 1999;274:16349-54, Fujio Y, Guo K, Mano T, et al., Mol
Cell Biol. 1999;19:5073-82). The DN (dominant-negative)—-Akt construct
contains two phosphorylation sites; serine 473 and threonine 308, both
mutated to alanine, which results in an unphosphorylatable form of Akt.
Myr-Akt is Akt which is myristoylated at its N-terminal end, resulting in

its constitutively active form.

Experimental Animais

Male Sprague-Dawley rats, 13 weeks old, weighing around 400g (Daehan
Biolink Co) were fed with standard pellet feed and given water ad libitum.
The experimental protocol was designed in accordance with the Guide for
Experimental Animal Research issued by the Laboratory for Experimental
Animal Research, Clinical Research Institute, Seoul National University

Hospital.

Statistical Analysis
Data are presented as mean + SEM. Analysis was performed by one-way

ANOVA with Bonferroni’s test for multiple comparisons, and by the Student’s
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t test using SPSS 11.0 software. A P value of < 0.05 was considered

significant.
EXAMPLE 1 : Effects of Celecoxib on Reducing VSMC Viability in wvitro

1-1) Cell Isolation and Culture

Rat aortic VSMCs were isolated from the thoracic aortas of
Sprague—Dawley rats by enzymatic dispersion using a slight modification
of a preyiously described method(Sachinidis A, Flesch M, Ko Y, et al.,
Hypertension. 1995;26:771-8). Cells were cultured in Dulbecco’s Modified
Eagle Media (DMEM, Gibco BRL, Grand Island, NY) supplementedxvith~10% fetal
bovine serum (FBS), 100 IU/ml penicillin, and 100 IU/ml streptomycin. The
purity of VSMC cultures was confirmed by the immunocytochemical detection
of a-smooth-muscle actin.

1-2) Analysis of Effects of Celecoxib on VSMC ﬁiability and Akt
phosphoiylation by Western Blot

Confluent cells cultured in 6 cm dishes were incubated in
serum-deprived media for 24hrs. VSMCs were then stimulated using 25ng/ml
of PDGF-BB in the presence of different celecoxib concentrations (0, 10,
25 mM) for 2hrs. After removing the medium, cells were lysed in buffer.
Western blot analysis was performed as described previously.® The primary
antibodies used were anti-phopho-Akt (Ser473) (1:500 dilution, Cell
Signaling Technology), anti-total-Akt (1:500 dilution, Cell Signaling

Technology), anti-phospho-GSK-3p(Ser9) (1:750 dilution, Cell Signaling
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Technology) and anti-o-tubulin (1:4000 dilution, Oncogene). For ;Ln vivo
studies, 3 carotid arteries were pooled in each group. Tissue samples were
homogenized in sample buffer.

On microscopic exémination, VSMCs treated with 10 orx 251'.1M of
celecoxib became rounded and detached from the culture dish (Figure 1).

The loss of cell viability was associated with a significant
attenuation of both phosphorylated Akt and phosphorylated GSK-3B, a
downstream substrate of Akt. Western blot analysis showed that celecoxib
markedly reduced the basal level of phospho-Akt and phosphg—GSK—SB in
non-stimulated conditions (Figure 2). The enhanced Akt phosphorylation and
paralleled increase in the phospho-GSK-3p after PDGF stimﬁlation was also

reduced in a dose-dependent manner with celecoxib treatment (Figure 2).

1-3) Analysis of Effects of Celecoxib on VSMC viability by WST~1 Assay
The WST-1 assay was used to quantify the effect of celecoxib on the
decrease in cell number and to examine whether its effect is mediated through
the inhibition of Akt pathway.
| Cell proliferationwas measured using the WST-1 assay (Roche Molecular
Biochemicals) according to the manufacturer’s instructions. Cells were
seeded in 96-well plates at 2X10? cells per well in DMEM (100ul) supplemented
with 10% FBS. After 24hrs, the medium was replaced by 10% FBS-DMEM containing
various concentrations of celecoxib (0, 5, 10, 25uM) for 48hrs. At the end
of the incubation period, 10ul of WST-1 was added for 2 hours. For in vitro

gene transfer experiments, VSMCs were transfected with adenoviral vectors
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(50 m.o.i) overnight before adding celecoxib.

This assay showed that celecoxib decreased the number of viable VSMCs
in the presence of either PDGF or 10% FBS in a dose-dependent manner (Figure
3). The inhibitory'effect of celecoxib on viable cell nﬁmber'waS‘more;potent
with PDGF than with 10% FBS (viable cells, 41.2 * 6.7 % at celecoxib 10uM,
27.3 £ 4.4 % at 25uM compared to 100% at vehicle under PDGF stimulation,
76.8 £ 7.0% at celecoxib 10uM, 63.6 * 8.6% at 25uM compared to 100% at vehicle
under 10% FBS stimulation, both p<0.01). Transduction of Akt with
constitutively active adeno-myr Akt reversed the action of celecoxib
resulting in a significant increase in viable cells (27.3+4.4 % with
adeno-GFP, 91.3+ 13.2% with adeno-myrAkt under PDGF; 63.6% 8.6% with
adého—GFP, 84.8+ 8.5% with adeno-myrAkt under 10% FBS at celecoxib 25uM,

both p<0.01) (Figure 3).

1-4) Analysis of Effects of Celecoxib on Cell cycle and Apoptosis
by BrdU Incorporation Assay and Flow Cytometry

BrdU Assay

This assay is quite similar to WST-1 assay except using BrdU instead
of WST-1.

Flow Cytometry

Cell-cycle status and apoptosis were evaluated by flow cytometry,
as described previously(Kim HS, Skurk C, Thomas SR, et., J Biol Chemn.
2002;277:41888-9). Cells were plated, allowed to attach overnight, and

placed in DMEM plus 0.4% FBS for 48hours. Celecoxib was then added in a
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serum-free medium composed of DMEM with 25ng/mL PDGF-BB or 10% FBS. After
24 hours, the cells were harvested and fixed. DNA content was analyzed by
flowcytometry(Becton—Dickinson).HistogramscnfDNAcontentswereanalyzed
using Modfit LT software (Verity Soft@are, Topsham,rME) to characterize
population fractions in each phase of the cell cycle.

Results

Celecoxib inhibited DNA synthesis in a dose-dependent manner (Figure
47) . This treatment arrested the cell cycle at Gl phase resulting in a
decrease in the fraction of cells in the S phase (Figure 4B). Celecoxib
significantiy increased the subdiploid fraction of DNA by FACS analysis
which is indicative of DNA fragmentation during apoptosis (Figure 4C). The
effects of celecoxib on BrdU incorporation, S phase fraction, and apoptosis
were greater with PDGF culture conditions compared with 10% FBS (data not

shown) .

EXAMPLE 2 : Effects of Celecoxib on Reducing Neointimal Hyperplasia
in wvivo

In the first in vivo study, rats were divided into three groups
(n=10/group) : celecoxib (50mg/kg/day), aspirin(50mg/kg/day), and vehicle
(0.5% methylcellulose, 0.025% Tween 20, Sigma Chemical Co.) groups. Drugs
were administered daily by oral gavage, ina 0.5 ml suspension of vehicle,
for 3 days before the balloon injury, and were continued for two weeks after

injury.
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2-1) Process of Rat Carotid Artery Balloon Injury Model

Animals were anesthetized with ketamine hydrochloride (50mg/kg,
yuhan Corp, Bayer Korea) and xylazine (7mg/kg, Yuhan Corp, Bayer Korea) .
The left carotid arter.y was exposed, and a 2F Fogarty balloon emi:olectomy
catheter (Baxter) was inserted via an external carotid arteriotomy
incision (Clowes AW, Reidy MA, Clowes MM., Lab Invest. 1983;49:327-33). The
catheter was advanced to the common carotid‘artery, inflated with 0.2mL

of saline, and withdrawn 3 times with rotation.

2-2) Morphometric Analysis

At 3 days or 2 weeks after injury rats were euthanized by pentobarbital
overdose and perfused with 10% formaldehyde. Carotid arteries were removed
and placed in the same fixative. Tissues were then embedded in pafaffin,
and 4 to 5 sections (4um) were cut at multiple levels. These were stained
with Hematoxylin & Eosin or elastic van Gieson stain. Sections were then
_examined and the cross sectional area of the lumen, neointimal area (from
the internal elastic lamina to the lumen), and medial area were determined
using an Image Pro Plus Analyzer Version 4.5 (Media Cybernetics Inc.). The
intima to media (I/M) ratio was then calculated from the determined means.

At 2 weeks after injury, the vehicle-treated group showed abundant
neointimal hyperplasia (Figure 5). The celecoxib-treated group showed
significant suppression of neointimal hyperplasia and reduction of the I/M
ratio (I/M ratio;Vehicle versus Celecoxib, 0.98 * 0.04 versus 0.48 £ 0.05

mm?, P<0.001) . In contrast, the aspirin~treated group showed no significant
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reduction of neointimal hyperplasia (I/M ratio; Vehicle versus Aspirin,
0.98 + 0.04 versus 0.89 £ 0.05 mm?, P =0.25) (Figure 6).. At 3 days after
injury, no intimal hyperplasia could be detected in the three groups (data

not shoﬁn).

2-3) Analysis of Effects of Celecoxib on.VSMC Proliferation and
Apoptosis in viveo

To examine the effects of celecoxib on VSMC proliferation in vivo,
IHC for PCNA was performed. Moreover, to examine the effects of celecoxib
on VSMC apoptosis in vivo, we performed TUNEL assay and IHC for activated

caspase-3.

Immunohistochemical Staining

Immunohistochemistry (IHC) was performed’as previously described
(Park KW, Yang HM, Youn SW, et al., Arterioscler Thromb Vasc Biol.
2003;23:1364-9) . The primary antibodies used were anti-PCl0, for
proliferating cell nuclear antigen (PCNA 1:200 DAKO), anti-HA (1:200 Santa
Cruz), anti-cleaved caspase-3 (1:200 Cell Signaling Technology), and

anti-ED]1 for macrophages (1:200 Serotec).

TUNEL Assay
The TUNEL assay was performed with minoxr modification to a previously
described method (Park KW, Yang HM, Youn SW, et al., Arterioscler Thromb

Vasc Biol. 2003;23:1364-9), using an Apoptag kit (Intergen Company). DAB
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was use as a éhromogen. Sections were counterstained with methyl green or
Mayer’s hematoxylin. The percentage of PCNA-positive, TUNEL-positive and
EDl-positive cells versus total nuéleated cells was quantifiéd in 3
differentsectorspertissuesection:Allsampleswerecod@dsothatanalysis
was performed without knowledge of which treatment each individual vessel

had received.

Effects of Celecoxib on Inhibiting VSMC Proliferation

To examine the effects of celecoxib on VSMC proliferation in vivo,
IHC for PCNA was performed. At 3 days, 29.8%1.7% of the nuclei in the
vehic;e—treated group were PCNA-positive, whereas only 17.1%1.5% in the
celecoxib-treated group were PCNA-positive (P<0.001) (Figure 7A, 8A). At
2 weeks, the PCNA-positive percentage in the vehicle-treated group was
9.7+0.8%, whereas in the celecoxib-treated group it was 5.9%0.8%. However,
no inhibition of proliferation was found in the aspirin-treated grdup (3

days; 2 weeks, 25.6%1.9%; 8.5%0.7%).

Effects of Celecoxib on Inducing VSMC Apoptosis

To examine the effects of celecoxib on VSMC apoptosis in vivo, we
performedTUNELassayandIHCforactivatedcaspase—3.At13daysafterinjury,
the celecoxib-treated group showed higher levels of apoptosis than either
the vehicle- or aspirin-treated groups (Celecoxib versus Vehicle versus
Aspirin; 19.4%2.0% versus 12.3%1.3% versus 11.8+1.2%). At 2 weeks, this

tendency was also present, but to a lesser extent (Celecoxib versus Vehicle
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versus Aspirin, 8.1+0.9% versus 4.6+0.7% versus 5.3+0.8%) . Consistent with
these data, IHC for activated caspase-3 showed more staining in the
celecoxib-treated group (Figure 7B, 8B).

In tissues harQestedZZweeks after injury, the location.of}nacrophage
in the neointima was not periluminal, but near the internal elastic lamina
(data not shown). In contrast to the vehicle-treated group, the aspirin-
and celecoxib-treated groups showed a small reduction in macrophage
infiltration (macrophage percent, Control versus Aspirin versus Celecoxib,

7.1+0.9% versus 5.1%0.6% versus 5.4+0.5%).

2-4) BAnalysis of Effects of Celecoxib on Akt phosphorylation by
Western Blot in vivo

To examine the time course of Akt activation after injury in vivo,
Western blotting for phospho-Akt and phospho-GSK-3p was performed with the
tissues taken before injury, and 3 days and 2 weeks after injury. Akt activity
at 3 days after injury was significantly elevated as was the phosphorylation
of GSK-3Bp (Figure 9A). At 2 weeks after injury, activated Akt levels
decreased dramatically. To investigate the mechanism of celecoxib action
following vascular injury, Western blot analysis for Akt and GSK-3p was
performed in all three groups at 3 days after balloon injury. At this time
point, the levels of phosphorylated Akt and GSK-3p were significantly
suppressed in the celecoxib-treated group compared to the vehicle- and

aspirin-treated groups (Figure 9B).
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EXAMPLE 3 : Effects of Celecoxib on Reducing Neointimal Hyperplasia
Through Inhibiting Akt Signaling in wvivo

In the second in vivo study, rats that underwent balloon denudation

injury of the carotid artery were divided into four groups (n=10/group):

Adeno-Green Fluorescent Protein (GFP), Adeno-DN-Akt, celecoxib + adeno~GFP,

and celecoxib + constitutively active (myr)-Akt. After balloon injury, 5x10°

pfu of adenovirus diluted in a total volume of 20ul. was delivered to injured

segments, which was then incubated for 20min with vascular clamp.

3-1) Analysis of Effects of DN-Akt (Inactive Form) Gene Transfer on
Reducing Neointimal Hyperplasia

To test whether the inhibition of Akt activation by ' celecoxib
contributes to the suppression of neointimal hyperplasia, we evaluated the
effect of dominant-negative Akt gene transfer in the balloon injury model.
Expression of the HA-tagged transgene was detected by IHC at 2 weeks after
delivery. HA-tagged transgene expression was also detected by Western
immunoblot analysis (data not shbwn) .

At 14 days after injury, DN-Akt gene transfer led to a significant
reduction in intimal hyperplasia (I/M ratio; Control versus DN-Akt, 0.86
+0.05 versus 0.51 +0.04mm?, P<0.001) (Figure 10A). A significant decrease
in the pércentage of PCNA-positive VSMCs was also observed in the neointima
and media of DN-Akt group at 3 days and 2 weeks (Control versus DN-Akt;
3days: 25.441.7% versus 15.7+1.8%, 2weeks: 7.6+0.9% versus 4.7+0.6%, P <

0.05). At 3 days after injury, the DN-Akt-treated group showed more
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apoptosisbyIUNELassay(ControlversusDN—Akt;13.8i1.6%versus19.7i2.1%,
.P<0.05),andeﬂ:Zweeksafterinjury,althoughtheabsolutevaluedecreased,
thetendenqywassustained(ControlversusDN—Akt;3.3i0.5%versu35.3i0.7%,

P < 0.05) (Figure 11).

3-2) Analysis of Effects of Myr-Akt (Active Form) Gene Transfer on
Neointimal Formation

To test that modulation of Akt signaling by celecoxib is a
physiologically relevaht mechanism, we delivered adenoviral wvectors
expressing constitutively active Akt genes to the rat carotid artery after
ballodn injury. At 2 weeks after injury, myr-Akt gene transfer reversed
the inhibition of intimal hyperplasia by celecoxib (I/M ratio; adeno-GFP
versus celecoxib + adeno-GFP versus celecoxib + myr-Akt, 0.86 + 0.05 versus
0.45 + 0.04 versus 0.78 * 0.05mm?) (Figure 10A). In IHC for PCNA, myr-Akt
gene transfer reversed the inhibition of VSMC proliferation by celecoxib
(celecoxib + adeno-GFP versus celecoxib + myr-Akt ; 3days: 16.9+1.3% versus
20.7£1.3%, 2weeks: 5.1%0.5% versus 6.9+0.7%, P< 0.05) (Figure 11). In the
TUNEL assay, myr-Akt gene transfer reduced the level of apoptosis induced
by celecoxib (celecoxib + adeno-GFP versus celecoxib + myr-Akt ; 3days:

21.31x1.6% versus 15.4+1.4%, 2weeks: 6.1%0.6% versus 4.1+£0.5%, P < 0.05).



WO 2006/019203 PCT/KR2004/002320
23

Claims

1. Pharmaceutical compositions containing celecoxib as an active

ingredient for the treatment and prevention of vascular stenosis.

2. Pharmaceutical compositions according to claim 1, wherein vascular

stenosis may be due to neointimal hyperplasia.

3. Pharmaceutical compositions according to claims 1 or 2, wherein

vascular stenosis may be induced by percutaneous transluminal coronary

angioplasty, atherectomy, stent implantation, coronary artery bypass

grafting and arteriovenous anastomosis.
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