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therefore, is an essential requirement to develop more
efficient and safer DES in the future.

Platelet-derived growth factor (PDGF), expressed
by VSMC, plays a central role in the pathogenesis of
restenosis. Mechanical forces, such as stent-induced
overstretch, stimulate VSMC expression and release of
PDGF in animals”® and humans® '%. Imatinib mesyl-
ate is an inhibitor for c-Abl tyrosine kinase, c-Kit recep-
tor kinase, and PDGF receptor tyrosine kinase'" '?
and is approved for the treatment of patients with
chronic myeloid leukemia. It has been shown that
c-Kit-positive progenitor cells can differentiate into
a-actin-positive VSMCs and may contribute to neo-
intima formation'?. It has also been reported that
c-Abl tyrosine kinase is involved in angiotensin II-
induced VSMC hypertrophy*®. Imatinib is reported
to be a significantly more potent inhibitor of VSMC
proliferation than other inhibitors of PDGF receptor
(AGL-2043), with ICs0 <10 nM". In contrast, ima-
tinib has little effect on vascular endothelial cell
growth factor receptor tyrosine kinase or endothelial
cell proliferation’?. These data provide a rationale for
the use of imatinib mesylate in the prevention of neo-
intima formation associated with in-stent restenosis as
a VSMC-specific molecular-targeting drug.

Prior studies have reported that systemic oral
administration of imatinib inhibited balloon injury-
induced neointima formation in rats'” when dosages
beyond the clinical norm were used (50 mg/kg per
day). In contrast, imatinib had no effect on in-stent
neointima formation in rabbits when administered at
a clinically relevant dosage (10 mg/kg per day)'®.
Recent clinical studies in humans have detected no
beneficial effects of the oral administration of imatinib
(600 mg/day for 10 days)'” on in-stent restenosis.
These data suggest that systemic administration of
imatinib at clinical dosages may not be sufficient to
antagonize PDGF-induced vascular responses. Fur-
thermore, it was reported the polymer-coated stents
with imatinib (600 pg/stent) had no effect on neo-
intima formation in a porcine coronary in-stent steno-
sis model'?. This was probably because of unsuitable
release characteristics of imatinib from polymer-coated
stents. It is suggested that the present polymer coating
DES technology is not useful for coating water-solu-
ble drugs such as imatinib. Therefore, preventing
in-stent restenosis via imatinib-mediated PDGE-R
signaling blockade requires a new efficient drug deliv-
ery system. We previously succeeded in developing
bioabsorbable polymeric nanoparticles (NP) formu-
lated from the polymer poly (DL-lactide-co-glycolide)
(PLGA)', and in formulating a NP-eluting stent by
cation electrodeposition coating technology'®. This

NP-eluting stent system provided an effective means
of delivering NP-incorporated drugs or genes that tar-
get intracellular proteins involved in the pathogenesis
of in-stent neointima formation.

Therefore, we hypothesized that imatinib-NP-
eluting stent can be an innovative therapeutic strategy
for preventing in-stent neointima formation in wvive.
We used a porcine coronary artery in-stent stenosis
model and investigated whether imatinib-NP-eluting
stent attenuates in-stent neointima formation without
adverse effects on arterial healing processes in vivo.

Materials and Methods

Vascular Smooth Muscle Cell Proliferation Assay

Human coronary artery VSMCs (Lonza, Walk-
ersville, MD, USA) were cultured and placed into
48-well culture plates (5000 cells per well; BD). Pro-
liferation was stimulated by the addition of PDGF at
10 ng/mL (Sigma, Tokyo, Japan)?”. Various concen-
tration of imatinib (Novartis Pharma) at 0.1, 1, and
10 pM, imatinib-loaded PLGA NP (PLGA at 0.5
mg/mL containing imatinib at 10 pM), or vehicle
alone was added to the wells, and four days later, the
cells were fixed with methanol and a single observer
counted the number of cells/plate.

Endothelial Cell Proliferation Assay

Human umbilical vein endothelial cells (HUVEC)
were obtained, cultured, and used between passages 4
to 82V, Recombinant human VEGF165 (10 ng/mlL;
R&D) or PDGF at 10 ng/mL was added to the basal
medium, and cells (7500 cells per well) were incu-
bated in the presence or absence of imarinib, ima-
tinib-NB, or vehicle for 4 days in 48-well culture
plates. Cell count assay was performed as stated above.

Preparation of NP-Eluting Stents by Cationic
Electrodeposition Coating Technology

A lactide/glycolide copolymer (PLGA) with an
average molecular weight of 20,000 and a lactide to
glycolide copolymer ratio of 75:25 (PLGA7520; Wako
Pure Chemical Industries, Osaka, Japan) was used as
wall material for the NP. Chitosan was used to coat
the surface of PLGA NP. Polyvinylalcohol (PVA-403;
Kuraray, Osaka, Japan) was used as a dispersing agent.
PLGA NP incorporated with the fluorescent marker
fluorescein isothiocyanate (FITC; Dojindo laborato-
ries, Kumamoto, Japan) or with imatinib (purchased
from a pharmacy) were prepared by a prcviously
reported emulsion solvent diffusion method in puri-

fied water'* %23,
The mean particle size was analyzed by the light
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Fig. 1. Particle size distribution of imatinib-incorporated
PLGA nanoparticles in water.

scattering method (Microtrack UPA150; Nikkiso,
Tokyo, Japan). A sample of nanoparticulate suspen-
sion in distilled water was used for particle size analy-
sis. The average diameter of FITC- and imatinib-
incorporated NP was about 200 nm. Size distribution
was similar between FITC-NP and imartinib-NP (see
Fig.1). FITC- and imatinib-encapsulated PLGA NP
contained 5.0% (w/w) FITC and 8.3% (w/w) ima-
tinib, respectively. The zeta potential of the NP as
measured by Zetasizer Nano Z (Malverm, America)
was +6.7 and +10.0 mV, respectively.

The 16 mm-long stainless-steel, balloon-expand-
able stents (Multilink) were ultrasonically cleaned in
acetone, ethanol, and demineralized water. The cat-
ionic electrodeposited coating was prepared on
cathodic stents in NP solution at a concentration of 5
g/L in distilled water with a current maintained
between 2.0 and 10.0 mA by a direct current power
supply (DC power supply; Nippon Stabilizer Co,
Tokyo, Japan) for different periods under sterile con-
ditions'”. The coated stents were then rinsed with
demineralized water and dried under a vacuum over-
night. This electrodeposition coating procedure pro-
duced a coating of approximately 250+40 pg of the
polymer NP per stent and 21+8 pg of imatinib per
stent (n=12). The surface of some NP-coating stents
were observed with scanning electron microscopy
(JXM8600; JEOL, Tokyo, Japan).

Prior to experimental use, non-coated bare metal
and NP-coated stents were mounted mechanically
over the 3-mm balloon for implantation in the coro-
nary artery. These balloon-mounted stent sets were
sterilized using ethylene oxide.

Animal Preparation and Stent Implantation

All in vivo experiments were reviewed and
approved by the Committee on Ethics in Animal
Experiments, Kyushu University Faculty of Medicine,
according to the Guidelines of the American Physio-
logical Society. This study also conforms to the Guide
for the Care and Use of Laboratory Animals published
by the US National Institutes of Health (NIH Publi-
cation No. 85-23, revised 1996).

Domestic male pigs (Kyudo, Tosu, Japan; aged 2
to 3 months and weighing 25 to 30 kg) received oral
aspirin (330 mg/day) and ticlopidine (200 mg/day)
until euthanasia from 3 days before the stent implan-
tation procedure. Animals were anesthetized with ket-
amine hydrochloride (15 mg/kg, IM) and pentobarbi-
tal (20 mg/kg, IV). They were then intubated and
mechanically ventilated with room air. A preshaped
Judkins catheter was inserted into the carotid artery
and advanced to the orifice of the left coronary artery.
After systemic heparinization (100 IU/kg) and intra-
coronary administration of nitroglycerin, coronary
angiography of the left coronary artery was performed
using contrast media (iopamidol 370®) in a left
oblique view with an angiography system (Toshiba
Medical, Tokyo, Japan). Animals were divided into 3
groups, which underwent deployment of either a non-
coated bare metal stent (2 week; z=4 for Western blot
analysis, 4 week; z=10 for angiographic, histopatho-
logical and intravascular ultrasound analyses), FITC-
incorporated NP-eluting stents (4 week; 7»=10 for
angiographic, histopathological and intravascular
ultrasound analyses), or imatinib-incorporated
NP-eluting stents (2 week; 7=4 for Western blot anal-
ysis, 4 week; n=10 for angiographic, histopathological
and intravascular ultrasound analyses), to either the
left anterior descending (LAD) or the left circumflex
coronary (LCx) arteries.

A segment with a mean coronary diameter of 2.5
mm was selected by using quantitative coronary angi-
ography (Toshiba Medical, Tokyo, Japan) with a stent-
to-artery ratio of approximately 1.1 to 1.2 (Table 1).
A balloon catheter mounted with a stent was then
advanced to the pre-selected coronary segments for
deployment over a standard guidewire. The balloon
catheter was inflated at 12 atm for 60 seconds once
and thereafter deflated, and was then slowly with-
drawn, leaving the stent in place.

Quantitative coronary angiography (Toshiba
Medical, Tokyo, Japan) was performed before, imme-
diately after, and 4 weeks after stent implantation to
examine the coronary arterial diameter at stented and
non-stented sites. An image of a Judkins catheter was
used as the reference diameter. Arterial pressure, heart
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rate, and ECG were continuously monitored and
recorded on a recorder.

Intravascular Ultrasound

Intravascular ultrasound imaging (IVUS) was
performed to assess the extent of neointima formation
in vivo 4 weeks after stent implantation. Imaging was
performed using a 40 MHz ultrasonic imaging cathe-
ter (Ultra cross; Boston Scientific, Boston, USA) and
an automatic pullback device, and the studies were
recorded on 1/2-inch high-resolution s-VHS tapes for
off-line volumetric assessment. Because of the limited
availability of IVUS probes, IVUS was performed 7
and 8 pigs in FITC-NP and imatinib-NP stent
groups, respectively.

Histopathological Study

Four weeks after the coronary angiographic
study, animals were euthanized with a lethal dose of
sodium pentobarbital (40 mg/kg intravenously), and
histological analysis was performed. The left coronary
artery was perfused with 10% buffered formalin at
120 mm Hg and fixed for 24 hours. The stented
artery segments were isolated and processed as
described previously??: The segment was cut at the
center of the stent and embedded in methyl methac-
rylate mixed with n-butyl methacrylate to allow for
sectioning through the metal stent struts. Serial sec-
tions were stained with elastica van Gieson and with
hematoxylin-eosin (HE). The neointimal area, the
area within the internal elastic lamina (IEL), and the
lumen area were measured by computerized mor-
phometry, which was carried out by a single observer
who was blinded to the experimental protocol. All
images were captured by an Olympus microscope
equipped with a digital camera (HC-2500) and were
analyzed using Adobe Photoshop 6.0 and Scion Image
1.62 Software. The injury, inflammation, and re-endo-
thelialization scores were determined at each strut site,
and mean values were calculated for each stented seg-
ment?.

Western Blot Analysis

For in vitro study, protein was extracted from
cultured VSMC, and protein expression was analyzed
using antibodies against human PDGEF receptor-f (0.1
mg/mL; R&D Systems Inc.), phospho-PDGF recep-
tor-B (0.5 mg/mL; R&D), or anti-actin (Sigma).

For in vive study, animals were euthanized with a
lethal dose of sodium pentobarbital (40 mg/kg intra-
venously) two weeks after stent implantation when the
neointima was modestly formed, and Western blot
analysis was performed. Protein was extracted from

frozen arterial tissues excised from stented coronary
arterial segments (LAD or LCx) and non-stented nor-
mal coronary arterial segments (right coronary artery).
Cell extracts (20 pg) were resolved on 10% reducing
SDS-PAGE gels and blotted onto nitrocellulose mem-
branes (Bio-Rad, Hercules, CA). Protein expression
was analyzed using antibodies against MAP kinase
(ERK1/2) (0.5 mg/mL; R&D Systems Inc.), phosho-
ERK1/2 (1:2000; Cell Signaling), or anti-actin
(Sigma). Immune complexes were visualized with
horseradish peroxidase-conjugated secondary antibod-
ies (Pierce, Rockford, IL) using the ECL Plus system
(Amersham Biosciences). Western blot analysis was
performed with sequential antibodies and was detected
with the ECL Detection Kit (Amersham).

Statistical Analysis

Data are expressed as the means* SE. Statistical
analysis of differences between two groups was per-
formed with the unpaired #-test, and the statistical
analysis of differences among three or more groups
was assessed using ANOVA and multiple comparison
tests. P values <0.05 were considered significant.

Results

In vitro Effects of Imatinib on Proliferation of
Vascular Smooth Muscle Cells and Endothelial Cells

We previously reported (1) the in vitro time
course of FITC release from FITC-incorporated NF,
and (2) highly efficient and stable delivery of NP into
the cytoplasm of SMC and endothelial cells'® 2" 2627,
In the present study, we examined 77 vitro effects of
imatinib and imatinib-NP. As reported by others'?,
imatinib attenuated the PDGF-induced proliferation
of human coronary arterial SMC in a dose-dependent
manner (Fig.2A). Imatinib-NP also prevented the
PDGF-induced responses of SMC. Western blot anal-
ysis showed that in human coronary artery SMC, both
imatinib and imatinib-NP inhibited PDGF-induced
phosphorylation of PDGF receptor-$ in a dose-
dependent manner (Fig.2B). In contrast, neither ima-
tinib nor imatinib-NP affected VEGF- and PDGF-
induced proliferation of human endothelial cells

(Fig.2C).

Effects of Imatinib-NP-Eluting Stent on Neointima
Formation 4 Weeks After Stent Implantation

Three animals (2 in control bare metal stent
group and 1 in FITC-NP-eluting stent group) died
suddenly between weeks 3 and 4; therefore, these ani-
mals were excluded from angiographic and histopath-
ological analyses. These analyses were performed in 27
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Fig.2.

A, Effects of imatinib and imatinib-NP on PDGF-induced proliferation of human coronary artery SMCs. Data are the mean+SEM (n=8
each). *»<0.001 versus PDGF-induced response by two-way ANOVA and Dunnett’s multiple comparison tests.

B, Effects of imatinib and imatinib-NP on PDGF-induced activation (phosphorylation) of PDGF receptor-B in human coronary artery
SMC. Densitometric analysis of protein expression (p-PDGFR/PDGEFR ratio) is also shown as a bar graph (n=5 each). *p<0.05 versus the
PDGF-induced response by one-way ANOVA and Dunnett’s multiple comparison tests.

C, Effect of imatinib on the VEGF- and PDGF-induced proliferation of human umbsilical vein endothelial cells (2=8).

Table 1. Coronary artery diameter before, immediately after, and 4 weeks after stent implantation in porcine coronary artery

Bare metal FITC-NP- imatinib-NP-
control stent eluting stent eluting stent p value
(n=8) (n=9) (n=10)
coronary diameter before stent implantation 2.21+0.06 2.25%0.05 2.32%0.05 0.33
coronary diameter immediately after stent implantation 2.63%0.08 2.65%0.05 2.70%0.04 0.70
stent-to-artery ratio immediately after stent implantation 1.19+0.03 1.18+0.03 1.17+0.02 0.74
coronary diameter 4 weeks after stent implantation 1.48+0.14 1.49£0.12 2.06%0.16 0.009

Data are the mean +SEM. *»<0.01 versus coronary diameter before stent implantation, p< 0.01 versus coronary diameter immediately after stent
implantation, *»<0.01 versus bare metal control stent group.

pigs (8 in control bare metal stent group, 9 in FITC- that (1) there was no significant difference in the coro-
NP-eluting stent group, and 10 in imatinib-NP elut- nary diameter before and immediately after stent
ing stent group). implantation and the stent-to-artery ratio among the

Quantitative coronary arteriography revealed 3 groups; and (2) the coronary diameter was less in
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Fig.3. Coronary arteriography and in-stent stenosis 4 weeks after stent implanta-
tion.

A, Representative coronary arteriographic images of stented segments in the left anterior
descending coronary artery in bare metal, FITC-NP-eluting, and imatinib-NP-eluting
stent groups. White bars in the images denote stented segments.

B, Angiographically-examined in-stent stenosis in bare metal (z=8), FITC-NP-eluting
(7=9), and imatinib-NP-eluting (7= 10) stent groups.

C, Intravascular ultrasound cross-section images and the summary of neointima forma-
tion (neointima area and stent area) in FITC-NP-eluting (»=7) and imatinib-NP-elut-
ing (7=8) stent groups. Bar=1 mm.

the control bare metal and FITC-NP-eluting stent sites
than in the imatinib-NP-eluting stent sites 4 weeks
after stenting (Table 1). Thus, angiographically, in-stent
stenosis was less in the imatinib-NP group than in the
control and FITC-NP group (Fig.3A and B).
Intravascular ultrasound imaging (IVUS) could

be performed in FITC-NP (#=7) and imatinib-NP
stent (n=8) groups, which demonstrated that the
extent of neointima formation was significantly less at
the imatinib-NP stent site than at the FITC-NP-stent
site (Fig. 3C).

Histological analysis demonstrated that a signifi-
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Fig. 4. Histopathological analysis of in-stent neointima formation 4 weeks after

stent implantation.

A, Coronary artery cross-sections from the bare metal stent, FITC-NP-eluting stent, and
the imatinib-NP-eluting stent groups. Tissue was stained with hematoxylin-eosin.

Bar=1 mm.

B, The neointima area at bare metal stents (n=38), FITC-NP-eluting stents stents (7=9),
and the imatinib-NP-eluting stents (7 =10). NS=not significant. For statistical analysis,
one-way ANOVA and Bonferroni’s multiple comparison tests were performed.

C, The % stenosis [100 X (area of internal elastic lamia - neointima area)/area of internal
elastic lamia] at bare metal stents, FITC-NP-eluting stents and the imatinib-NP-eluting

stents. NS=not significant.

cant in-stent neointima formed similarly at the non-
coated bare metal stent and FITC-NP-eluting stent
sites. Quantitative analysis demonstrated a significant
reduction in neointima formation at the imatinib-NP-
eluting stent site (Fig.4). In contrast, there were no

significant differences in IEL and EEL areas among all
3 groups (Table 2). A semiquantitative histological
scoring system demonstrated no significant difference
in the injury score and inflammation score among the

3 groups (Table 3). Endothelial cell linings were
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Table 2. Histopathological analysis of in-stent neointima formation 4 weeks after stent implantation in porcine coronary artery

Bare metal FITC-NP- imatinib-NP-
control stent eluting stent eluting stent 2 value
(n=8) (n=9) (n=10)
Area within the internal elastic lamina (IEL), mm? 4.56+0.11 4.54%0.09 4.84+0.14 0.13
Area within the external elastic lamina (EEL), mm? 5.72%0.18 5.76+0.10 5.96%0.14 0.40
Lumen area, mm? 2.18+0.38 2.11£0.24 3.41£0.23%" 0.003

Data are the mean  SEM. *p<0.05, **»<0.01 versus control bare metal stent.

Table 3. Re-endothelialization, injury score, and inflammation score 4 weeks after stenting

Bare metal FITC-NP- imatinib-NP-
control stent eluting stent eluting stent 2 value
(n=8) (n=9) (n=10)
Re-endothelialization score 3x0 30 30 1.0
Injury score 1.75%0.09 1.79£0.09 1.88£0.08 0.57
Inflammation score 1.70+0.14 1.62+0.08 1.75+0.06 0.63

Data are the mean = SEM.

The re-endothelialization score was defined as the extent of the circumference of the arterial lumen covered by endothelial cells
and was scored from 1 to 3 (1=25%; 2=25% to 75%; 3 275%)%.

The injury score was determined at each strut site, and mean values were calculated for each stented segment®. In brief, a
numeric value from 0 (no injury) to 3 (most injury) was assigned: 0=endothelial denudate, internal elastica lamina (IEL) intact;
1=IEL lacerated, media compressed, not lacerated; 2=IEL lacerated, media lacerated, external elastica lamina (EEL) com-
pressed, not lacerated; and 3=media severely lacerated, EEL lacerated, adventitial may contain stent strut. The average injury
score for each segment was calculated by dividing the sum of injury scores by the total number of struts in the examined section.
The inflammation score took into consideration the extent and density of the inflammatory infiltrate in each individual strut®.
With regard to the inflammatory score for each individual strut, the grading is: 0=no inflammatory cells surrounding the strut;
1 =light, noncircumferential inflammatory cells infiltrate surrounding the strut; 2=localized, moderate to dense cellular aggre-
gate surrounding the strut noncircumferentially; and 3=circumferential dense inflammatory cells infiltration of the strut. The
inflammatory score for each cross section was calculated in the same manner as for the injury score (sum of the individual
inflammarory scores, divided by the number of struts in the examined section).

observed equally in the 3 groups (Table 3).

Effects of Imatinib-NP-Eluting Stent on Protein
Expression of MAP Kinase in vivo

Western blot analysis was performed in another
set of animals, which underwent deployment of both
a bare metal stent and imatinib-NP-eluting stent to
either LAD or LCx. On day 14 post-stenting, the neo-
intima, and the media and adventitia were harvested.
Protein expression of the phosphorylation of ERK was
significantly less at the imatinib-NP-eluting stent site
than at the bare metal stent site (Fig.5). In contrast,
no significant changes were found in phosphorylated
ERK expression in the media and adventitia.

Discussion

We here report the first successful development
of imatinib-NP-eluting stents with a newly invented
cation electrodeposition coating technology. Impor-

tantly; this NP-mediated drug delivery platform is able
to carry hydrophilic agents such as imatinib, which
offers advantages over the current stent-coating tech-
nology. We here showed that (1) imatinib-NP caused
the cell-specific targeting of VSMC proliferation asso-
ciated with inhibition of the target molecules of ima-
tinib (phosphorylation of PDGF receptor-8) in vitro;
(2) imatinib-NP showed no negative effects on the
proliferation of endothelial cells iz vitro, and (3) ima-
tinib-NP-eluting stent effectively attenuated in-stent
stenosis (neointima formation) by about 50% as com-
pared to bare metal stents and FITC-NP eluting stents
in porcine coronary arteries without apparent negative
effects on the endothelial healing process iz vivo.

We and others previously showed that (1) the
PLGA NP was taken up by cultured SMC mainly via
endocytosis, and retained stably in the intracellular
space!®1%21.26.28) Tt is |ikely that after cellular or tissue
uptake of NB NP slowly releases the encapsulated
drug (imatinib in this case) into the cytoplasm or
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Fig.5. Protein expression of MAP kinase (p-ERK1/2/ERK
1/2) 14 days after stenting.

A, Photographs of immunoblots of tissues from neointima (neo)
and media plus adventitia (Med + A) from normal coronary artery
sites (NCA), bare metal stent sites, and imatinib-NP-eluting stent
sites.

B, Densitometric analysis of protein expression (z=4 each). *p<
0.05 versus bare metal stent site.

extracellular space as PLGA is hydrolyzed, resulting in
prolonged delivery of imatinib into the stented coro-
nary artery. In this regard, we recently reported that
this bioabsorbable polymeric NP-eluting stent system
has unique aspects in vascular compatibility and an
efficient drug delivery system (stable delivery of NP
into the neointima and medial layers until day 28 after
deployment of a NP-eluting stent), compared to a
dip-coated polymer-eluting stent'”.

In contrast to our present findings, prior studies
failed to demonstrate the inhibitory effect of imatinib
on in-stent neointima formation in rabbits (oral
administration at 10 mg/kg per day for 6 weeks)'?,
pigs (600 pg/stent)', and patients (oral administra-
tion at 600 mg/body per day for 10 days)'”. The esti-
mated dose of imatinib loaded on our NP-eluting

stent was 21+8 pg/stent, which is markedly lower
than the doses used in these prior studies; therefore, it
is likely that the inhibition of in-stent neointima for-
mation is mediated by slower release and longer reten-
tion of imatinib at the imatinib-NP-eluting stent site
in this porcine coronary artery model. To confirm this
hypothesis, we tried to measure local tissue concentra-
tions of imatinib immediately after and 6 hours after
deployment of a imatinib-NP-eluting stent by the
HPLC system as a preliminary experiment, which was
under the limit of detection (1 ng/mL). Local concen-
trations of imatinib after deployment of imatinib-NP-
eluting stent are unclear; however, our present data
(Fig.5) demonstrated that the attenuation of in-stent
neointima formation by an imatinib-NP-eluting stent
was associated with inhibition of the downstream sig-
nal of PDGF receptor (ERK) 77 vivo. Therefore, our
present data provide evidence that PDGF receptor sig-
naling blockade by an imatinib-NP-eluting stent may
be a promising means for preventing in-stent neo-
intima formation 7z vivo.

An impaired arterial healing process has been
demonstrated to be a major histopathological feature
in arteries exposed to currently marketed DES in
experimental animals? 3” and in humans*®. In this
study, neither FITC- nor imatinib-NP-eluting stents
had apparent effects on inflammation, injury, and
re-endothelialization in porcine coronary arteries 7z
vivo, suggesting that this NP-eluting stent system may
not impair the healing process and endothelial regen-
eration in this model. Collectively, these data on vas-
cular compatibility support the notion that this bioab-
sorbable PLGA NP-eluting stent system could be
applied to human subjects. One limitation of this
interpretation is that we did not compare delayed
endothelial healing effects between our NP-eluting
stent and current DES devices. In this respect, we do
not know whether this approach may have an advan-
tage over currently marketed first-generation DES
devices. Future studies are needed to prove this point.
Another limitation is that this study was performed in
normal pigs without pre-existing atherosclerotic coro-
nary lesions, although this porcine coronary artery
model is regarded as an appropriate and standard pre-
clinical study model®. A long-term efficacy study is
also needed.

We and others have reported that monocyte-
mediated inflammation induced by monocyte che-
moattractant protein-1 (MCP-1) plays a central role
in the pathogenesis of neointima formation 3% and
in atherogenesis””* ). If imatinib and anti-MCP treat-
ment exert their effects through different pathways, it
would be interesting to examine whether combined
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blockade of PDGF-R and MCP-1 would have addi-
tive inhibitory effects on in-stent stenosis.

In conclusion, blockade of PDGF signaling by
imatinib-NP inhibited the proliferation of VSMC
with no adverse effects on endothelial cells in vizro,
and an imatinib-NP-eluting stent attenuated in-stent
neointimal formation in porcine coronary arteries iz
vivo. This molecular-targeting NP-eluting stent system
may be an innovative platform for delivering agents
that target future diagnosis and treatment of athero-
sclerotic vascular disease.

Funding Sources

This study was supported by Grants-in-Aid for
Scientific Research (19390216, 19650134) from the
Ministry of Education, Science, and Culture, Tokyo,
Japan, by Health Science Research Grants (Research
on Translational Research and Nanomedicine) from
the Ministry of Health Labor and Welfare, Tokyo,
Japan, and by the Program for Promotion of Funda-
mental Studies in Health Sciences of the Organization
for Pharmaceutical Safety and Research, Tokyo, Japan.

Disclosures

Dr. Egashira hold a patent on the results reported
in the present study. The remaining authors report no
conflicts.

References

1) Laskey WK, Yancy CW, Maisel WH: Thrombosis in coro-
nary drug-eluting stents: Report from the meeting of the
circulatory system medical devices advisory panel of the
food and drug administration center for devices and
radiologic health, december 7-8, 2006. Circulation, 2007;
115: 2352-2357

2) Serruys PW/, Kutryk MJ, Ong AT: Coronary-artery stents.
N Engl ] Med, 2006; 354: 483-495

3) Shuchman M: Trading restenosis for thrombosis? New
questions about drug-eluting stents. N Engl ] Med, 2006;
355: 1949-1952

4) Luscher TE, Steffel ], Eberli FR, Joner M, Nakazawa G,
Tanner FC, Virmani R: Drug-eluting stent and coronary
thrombosis: Biological mechanisms and clinical implica-
tions. Circulation, 2007; 115: 1051-1058

5) Finn AV, Nakazawa G, Joner M, Kolodgie FD, Mont EK,
Gold HK, Virmani R: Vascular responses to drug eluting
stents. Importance of delayed healing. Arterioscler
Thromb Vasc Biol, 2007

6) Finn AV, Joner M, Nakazawa G, Kolodgie E Newell J,
John MC, Gold HK, Virmani R: Pathological correlates
of late drug-eluting stent thrombosis: Strut coverage as a
marker of endothelialization. Circulation, 2007; 115:
2435-2441

7) Nakano K, Egashira K, Ohtani K, Zhao G, Funakoshi K,
Thara Y, Sunagawa K: Catheter-based adenovirus-medi-
ated anti-monocyte chemoattractant gene therapy attenu-
ates in-stent neointima formation in cynomolgus mon-
keys. Atherosclerosis, 2006

8) Shibata M, Suzuki H, Nakatani M, Koba S, Geshi E,
Katagiri T, Takeyama Y: The involvement of vascular
endothelial growth factor and fle-1 in the process of neo-
intimal proliferation in pig coronary arteries following
stent implantation. Histochem Cell Biol, 2001; 116: 471-
481 ‘

9) Ueda M, Becker AE, Kasayuki N, Kojima A, Morita Y,
Tanaka S: In situ detection of platelet-derived growth fac-
tor-a and -b chain mrna in human coronary arteries after
percutaneous transluminal coronary angioplasty. Am ]
Pathol, 1996; 149: 831-843

10) Nakagawa M, Naruko T, Tkura Y, Komatsu R, Iwasa Y,
Kitabayashi C, Inoue T, Itoh A, Yoshiyama M, Ueda M:
A decline in platelet activation and inflammatory cell
infiltration is associated with the phenotypic redifferentia-
tion of neointimal smooth muscle cells after bare-metal
stent implantation in acute coronary syndrome. J Athero-
scler Thromb, 2010; 17: 675-687

11) Myllarniemi M, Frosen J, Calderon Ramirez LG, Buch-
dunger E, Lemstrom K, Hayry P: Selective tyrosine kinase
inhibitor for the platelet-derived growth factor receptor in
vitro inhibits smooth muscle cell proliferation after rein-
jury of arterial intima in vivo. Cardiovasc Drugs Ther,
1999; 13: 159-168

12) Savage DG, Antman KH: Imatinib mesylate--a new oral
targeted therapy. N Engl ] Med, 2002; 346: 683-693

13) Sata M, Saiura A, Kunisato A, Tojo A, Okada S, Tokuhisa
T, Hirai H, Makuuchi M, Hirata Y, Nagai R: Hemaropoi-
etic stem cells differentiate into vascular cells that partici-
pate in the pathogenesis of atherosclerosis. Nat Med,
2002; 8: 403-409

14) Ushio-Fukai M, Zuo L, Ikeda S, Tojo T, Patrushev NA,
Alexander RW: Cabl tyrosine kinase mediates reactive
oxygen species- and caveolin-dependent atl receptor sig-
naling in vascular smooth muscle: Role in vascular hyper-
trophy. Circ Res, 2005; 97: 829-836

15) Hacker TA, Griffin MO, Guttormsen B, Stoker S, Wolff
MR: Platelet-derived growth factor receptor antagonist
sti571 (imatinib mesylate) inhibits human vascular
smooth muscle proliferation and migration in vitro but
not in vivo. J Invasive Cardiol, 2007; 19: 269-274

16) Leppanen O, Rutanen ], Hiltunen MO, Rissanen TT,
Turunen MB Sjoblom T, Bruggen J, Backstrom G, Carls-
son M, Buchdunger E, Bergqvist D, Alitalo K, Heldin
CH, Ostman A, Yla-Herttuala S: Oral imatinib mesylate
(sti571/gleevec) improves the efficacy of local intravascu-
lar vascular endothelial growth factor-c gene transfer in
reducing neointimal growth in hypercholesterolemic rab-
bits. Circulation, 2004; 109: 1140-1146

17) Zohlnhofer D, Hausleiter J, Kastrati A, Mehilli J, Goos C,
Schuhlen H, Pache J, Pogatsa-Murray G, Heemann U,
Dirschinger J, Schomig A: A randomized, double-blind,
placebo-controlled trial on restenosis prevention by the
receptor tyrosine kinase inhibitor imatinib. ] Am Coll
Cardiol, 2005; 46: 1999-2003



Imatinib Nanoparticle-Eluting Stent 1053

18) Yamamoto H, Kuno Y, Sugimoto S, Takeuchi H,
Kawashima Y: Surface-modified plga nanosphere with
chitosan improved pulmonary delivery of calcitonin by
mucoadhesion and opening of the intercellular tight junc-
tions. | Control Release, 2005; 102: 373-381

19) Nakano K, Egashira K, Masuda S, Funakoshi K, Zhao G,
Kimura S, Matoba T, Sueishi K, Endo Y, Kawashima Y,
Hara K, Tsujimoto H, Tominaga R, Sunagawa K: Formu-
lation of nanoparticle-eluting stents by a cationic electro-
deposition coating technology efficient nano-drug deliv-
ery via bioabsorbable polymeric nanoparticle-eluting stents
in porcine coronary arteries. Jacc, 2009; 2: 277-283

20) Nakano K, Egashira K, Tada H, Kohjimoro Y, Hirouchi Y,
Kitajima SI, Endo Y, Li XH, Sunagawa K: A third-gener-
ation, long-acting, dihydropyridine calcium antagonist,
azelnidipine, attenuates stent-associated neointimal for-
mation in non-human primates. ] Hypertens, 2006; 24:
1881-1889

21) Kubo M, Egashira K, Inoue T, Koga J, Oda S, Chen L,
Nakano K, Matoba T, Kawashima Y, Hara K, Tsujimoto
H, Sueishi K, Tominaga R, Sunagawa K: Therapeutic
neovascularization by nanotechnology-mediated cell-
selective delivery of pitavastatin into the vascular endothe-
lium. Arterioscler Thromb Vasc Biol, 2009; 29: 796-801

22) Murakami H, Kobayashi M, Takeuchi H, Kawashima Y:
Preparation of poly(DL-lactide-co-glycolide) nanoparti-
cles by modified spontaneous emulsification solvent diffu-
sion method. International journal of pharmaceutics,
1999; 187: 143-152

23) Kawashima Y, Yamamoto H, Takeuchi H, Hino T, Niwa T:
Properties of a peptide containing DL-lactide/glycolide
copolymer nanospheres prepared by novel emulsion sol-
vent diffusion methods. Eur J Pharm Biopharm, 1998;
45:41-48

24) Ohtani K, Usui M, Nakano K, Kohjimoto Y, Kitajima S,
Hirouchi Y, Li XH, Kitamoto S, Takeshita A, Egashira K:
Antimonocyte chemoattractant protein-1 gene therapy
reduces experimental in-stent restenosis in hypercholester-
olemic rabbits and monkeys. Gene Ther, 2004; 11: 1273-
1282

25) Schwartz RS, Huber KC, Murphy JG, Edwards WD,
Camrud AR, Vlietstra RE, Holmes DR: Restenosis and
the proportional neointimal response to coronary artery
injury: Results in a porcine model. ] Am Coll Cardiol,
1992; 19: 267-274

26) Kimura S, Egashira K, Nakano K, Iwata E, Miyagawa M,
Tsujimoto H, Hara K, Kawashima Y, Tominaga R, Suna-
gawa K: Local delivery of imatinib mesylate (sti571)-
incorporated nanoparticle ex vivo suppresses vein graft
neointima formation. Circulation, 2008; 118: $65-70

27) Kimura S, Egashira K, Chen L, Nakano K, Iwata E,
Miyagawa M, Tsujimoto H, Hara K, Morishita R, Sueishi
K, Tominaga R, Sunagawa K: Nanoparticle-mediated
delivery of nuclear factor kappab decoy into lungs amelio-
rates monocrotaline-induced pulmonary arterial hyper-
tension. Hypertension, 2009; 53: 877-883

28) Panyam J, Zhou WZ, Prabha S, Sahoo SK, Labhasetwar V:

Rapid endo-lysosomal escape of poly (dl-lactide-co-gly-
colide) nanoparticles: Implications for drug and gene
delivery. Faseb J, 2002; 16: 1217-1226

29) van der Giessen W], Lincoff AM, Schwartz RS, van
Beusekom HM, Serruys PW, Holmes DR Jr, Ellis SG,
Topol EJ: Marked inflammatory sequelae to implantation
of biodegradable and nonbiodegradable polymers in por-
cine coronary arteries. Circulation, 1996; 94: 1690-1697

30) Lincoff AM, Furst JG, Ellis SG, Tuch RJ, Topol EJ: Sus-
tained local delivery of dexamethasone by a novel intra-
vascular eluting stent to prevent restenosis in the porcine
coronary injury model. ] Am Coll Cardiol, 1997; 29:
808-816

31) Schwartz RS, Edelman ER, Carter A, Chronos N, Rogers
C, Robinson KA, Waksman R, Weinberger J, Wilensky
RL, Jensen DN, Zuckerman BD, Virmani R: Drug-elut-
ing stents in preclinical studies: Recommended evaluation
from a consensus group. Circulation, 2002; 106: 1867-
1873

32) Usui M, Egashira K, Ohtani K, Kataoka C, Ishibashi M,
Hiasa K, Katoh M, Zhao Q, Kitamoto S, Takeshita A:
Anti-monocyte chemoattractant protein-1 gene therapy
inhibits restenotic changes (neointimal hyperplasia) after
balloon injury in rats and monkeys. Faseb ], 2002; 16:
1838-1840

33) Egashira K, Zhao Q, Kataoka C, Ohtani K, Usui M,
Charo IE Nishida K, Inoue S, Katoh M, Ichiki T,
Takeshita A: Importance of monocyte chemoattractant
protein-1 pathway in neointimal hyperplasia after periar-
terial injury in mice and monkeys. Circ Res, 2002; 90:
1167-1172

34) Egashira K: Molecular mechanisms mediating inflamma-
tion in vascular disease: Special reference to monocyte
chemoattractant protein-1. Hypertension, 2003; 41: 834-
841

35) Egashira K, Nakano K, Ohtani K, Funakoshi K, Zhao G,
Thara Y, Koga J, Kimura S, Tominaga R, Sunagawa K:
Local delivery of anti-monocyte chemoattractant pro-
tein-1 by gene-eluting stents attenuates in-stent stenosis
in rabbits and monkeys. Arterioscler Thromb Vasc Biol,
2007; 27: 2563-2568

36) Kitamoto S, Egashira K: Gene therapy targeting mono-
cyte chemoattractant protein-1 for vascular disease. ] Ath-
eroscler Thromb, 2002; 9: 261-265

37) Ni W, Egashira K, Kitamoto S, Katacka C, Koyanagi M,
Inoue S, Imaizumi K, Akiyama C, Nishida Ki K,
Takeshita A: New anti-monocyte chemoattractant pro-
tein-1 gene therapy attenuates atherosclerosis in apolipo-
protein e-knockout mice. Circulation, 2001; 103: 2096-
2101

38) Inoue S, Egashira K, Ni W, Kitamoto S, Usui M, Otani K,
Ishibashi M, Hiasa K, Nishida K, Takeshita A: Anti-
monocyte chemoattractant protein-1 gene therapy limits
progression and destabilization of established atheroscle-
rosis in apolipoprotein e-knockout mice. Circulation,
2002; 106: 2700-2706



FRPRERME 39%2% 2011

[ M’ I BB IRAY - 7 DDS el | Zi& L7-
BRERT  BRDOIE

The development of vascular endothelial cell selective nanotechnology
based drug delivery system for less invasive nanotherapy

HE BV I8 e

Kaku Nakano Kensuke Egashira

1) NNAEARFREEME R RRRR TR RNSEERS A
Associate Professor, Department of Cardiovascular Research, Development, and Translational Research, Graduate
School of Medical Sciences, Kyushu University

2) NNAKEARFRER RS R R AERS 28
Professor, Department of Cardiovascular Research, Development, and Translational Research, Graduate School of
Medical Sciences, Kyushu University

AEFIOREMEHER, EYEBRE L L U

1. EREE

REBEMIEC 2524 F VEAPLGA 7 /KT
BA, NPEBIIEERHEIHIER FAZMIR
BLES) T9F (Table 1). SMEEZIIAEHF %
EEme LTk, BRELTEEEESZ L
T (Table 2). HIOIZERIFERERICZ X 5 POC
(proof of concept) EXETF. HIOIZE 3 WS
TOELN— FILIXGLPEEDODREMRE, &
EMEBRDENES L OGMP TOEETY. T,

AlOBIFIEREH & REMRBR & ERF T, GMPEL
BDI=DDAr —IL7 y FITIXRICKRIIL, GMP
JERNDOEMBE LT L, RKEE (2011FE)
AR R IZVRBREE GMP DELE 2 BAfA L £ 5.

2. BRATY 1—Ib - FMEHRERRRT
FEE (201046 F) R ClcREURRL LU

REURHBROBRKRBEZE PN LB > T B3 FETT
(Fig. 1). WBEBREOEEIZDOWTIIFEEE (2009

[HVE I BRIRERIREG - DDS $i4% | 2 %6/ L7z, BREIMmERRICNT 5
BHNERRET /) BRE RT3 7-0 OBRENRIE LIIZEL 5 CICHKRAR
— FR2EERRHES —

Table 1

7oy bEEE: JIBE  fE2E

(MWMAEAFZREZMER FERAeRLHESNERERES)

(NEDOMGELIME 7Y 22 b —&—, Z—N—FRHETOV 22 Y —&—)
7OV Rx—TYwv—: oF B
EHEAE HHIHRAEHT

AEMRN  ESNR2F U HAPLGA 7 / i F R
R E R BEREERER FIEMERELES)

" BHLSEEERR, BRE
o Suves b BiEE

—300—



Clin Eval 39 (2) 2011

Table 2 B HE £8) XoRELFEBLTED, P23 (2011)
FEERICIIEMEERBRAZABLIZVER ST
DBERMEXREE T3, BRIICIZERK 33 (2021) EEOTHIREH
B4/ 24F i APLGAF / B F8IH % s
EER & L THRIE = :
EEELTTER
QU yOY s boHEO)l 3. FEERPREABRRLIE
EMEEREIC L 2 POCHE
@A) AEdEEN—RIV kg 5 1 & I 5
GLPEE DL 2 EHE & DERHBOES TERREETL, FESRETIRRILET
5L U CGMPELE IZBWT, REFIOEFEIZBRICSETEL, EEFERN
1. ¥&132 85 VE APLGAT / KT by Py —F NIRRT 22T bEhELE
S (BT A7 2 A% © GLP Hig%R
S PEERER (Table 3).
2. A& o BAFIO A OBAIRE L&
3. & BIE|DEEE GMP Bl Table 3 < YABLTYYFFREIMET VT
ABH OB E R

@ [HO] NEZRBATOIER LRRR
1 REAOREMHER, EWEEHE
b X UFREBA OBGFIRRET & RE MR

Intesrative Physiology/Experimental Medicine

N e 2 3 Therapeutic Neovascularization by Nanotechnology-
B g%fftﬁﬂfl\ GMP %‘émb@&# 2 Mediated Cell-Selective Delivery of Pitavastatin Into the
MEBADE% A, WEERF (-20 Vascular Endothelium

T) <18+ A, WwEKREF (U4C) T
12 y A, OBFIREEIHER SN,

Arterioscler Thromb Vasc Biol. 2009 5 29 : 796-801.

2. A BHBLED GMPEED -0 D Nanoparticle-mediated endothelial cell-selective
Ay =T v FICERI GRARE LT delivery of pitavastatin induces functional
AR AR collateral arteries (therapeutic arteriogenesis) in a
3. GMPELEBER~DEMBETT, * rabbit model of chronic hind limb ischemia
ig‘i%ﬁ&% GMP BhiEhiha J Vasc Surg. 2010 ;5 52 : 412-20.

Fig.1 FARAF Va—l (@—F<vY)

o s BicEE

& EFNICBITS
{BESHTEIS | POCHE

ik

: . ' : HHal e ool A e O i
et e F /BT EED SUHI A G L C
BEUBEEERE BEBEGMPELE SH1E

SO954 EEEmARC
L= E (7= b=t A
Bl TEiMiG ERPHRD
Phase I/ AR AL I ERR
SER22FE~32FE
EETEE
Phase

| ERERMREE (R—/-BE) Li3xR

~301.=



ERAREF{E 39%2% 2011

E, BERETHEI =74 VILOEETIE
ME 7%y, HEREE, 3 HEERREE,
6HMEMBREHERY, CTIZLB38F4 £ —
Dy ERTY, AEIMTREEEEELE U B
5% 8 TIE, BENHEEEICHATI HEERER
5%, 6 HMEGEHRESHIC O CEBIMTREAE
BIZEMT2 0 BRIBLAZ L (Fig. 2).

TEMRERIL, REFOEERTE » A ToHE
BOAEWIRRIBENLTHET. £72, GLP
TCH-7-REMABRTIE, v b, A XOHA
EHTOThEEELEEHIZZED T TR

. REVEEHBROERL £ Lz, FICEE
ERDEHERHIZRO OMEFATL L.

4. BEEREBEEORE - ZHEH

RETFEIRER T, first-in-maniZ7Z% D £5 (Table
4), BRBETVA4 VI EEROBRMTHx LTV E
BAR, BHRANES 2B % Phase I/TaBRRER
B REMLHAEBRERTI AL T 4 2EiET 5
FETYT. B, AEWERER RE1HE4
FEF, AFHE L UTABT16EERIZMET L Qg T

Fig.2 A5 FYHAF 7RF3HAIB X U6 HEERRSICEY
PRI B (MERE) 2ERICHE (F)

#5248

B HE 3HM™E 6HME

WHEREE W HBESH EfT =T

(N=7) (N=6) ®BEE BEE
(N=6) (N=6)

#E51%8E

20 - s

By s 2
Py EmE 3™ 6HME
WEREE  BE5E B B
(N=7) (N=6) BEE EE5E
(N=6) (N=6)

*P<0.05, *%P<0.01
Mean®=SEM

Table 4 ERFEFABROBE (1/2)

OHBORMES EmMETELRER
@HEEDERE First-in-man
@7ararE7k

HBT YA

120G, &t 40%EH

L5 - Rationale : &7/ BFIFGHANRSIC X 0 ¥ 232 & F VTSN HITLER 1232
RINTEeHETIILMERBETTL (S b, 9%, BENE IthWTHL,
2 ofe. EEROKE L HRLU TERERIZDEVWEE 30050 1) TESMEAREL /-
INLDERN? S, KOHMROTHOEEERD S » BREsERLTZ2LEL 605,
Y225 RO8K (V/308E, 4mg/body/ H) D bZB i 2 REMIZHET.

1. A7 /HEOFHANKREICET S Phase I / T alfRkEE (XL EHEEBRTE) 1 &
MRk, FAEEERER, 1HE4EM, 4HE& L TEH16ER

2. &7/ BAEIDOHANILSIZBE S 5 Phase I b/ MERRAER (POCHER) : (53N - =
EER - HELR, C20528F VEAT 2 R EAIRAPEE SR L IR s

BREE  EROBIRRIERBERE, BEE, BNEE LRIt

—302 —



FE Bk FAEAL VMg (Table 5), $i%
% Fontaine ZFHDZE L, Rutherford BFEDHERS,
MiTEIRE A& 2 T E 7. IRBRERIES S LT
BEREMESE IS TR, BREGMPEET
TORBIHEAERATER L, WERRRARIZTNT
RTLTWEY. BRRABOREE, HoEEZ
Wl T REBIADYIL—NEEEFLTHVET.,
INERET B 720, BIZENLMRETFRENR
ELY =X EEL 2 RS ME4ETT DI

Table 5 &

Clin Eval 39 (2) 2011

EHRF - OB IEBETETT.

(B 5B E T 2% BRREZEE Jul
KL - RESNBIFEZP) TF (Table 6).
BIF Table 6T &5 %824 v 7 TEfEETE
LTWET,

kI RFEFNOWT, EAKRREHE L EE
LIUN KRS E RRER L 4 —DXED L
LB EERL, HRPHADERLE LTES
w5z exEBLTVET (Fig 3).

WHBOME (2/2)

FE BRICFRA b

FRERRER DEfR,EBIRR
EREEARREEEE KT 7

BRRER

FE2 Fontaine 23 HMDZEA(L, Rutherford S3HDHERS, IMiTHEIRE

BBEGMPEET CORBES(FRTR, MERHBRESTRT
BRRHBOES & TOHBRE (BRAWESLED)
BE : BRRROBICEEEZHLTREOY 70— 1

FSERK, RREBIEE NS 7T MEK

D%TT 5> —X (TR1 : SMHEEEFRRNAV AW AT 21282
EMEARSNEIORR) 22k L zOENBF—LOBHERD
OERBAR L BECHR &R

Table 6 EMiFERBFZMGHBERE (H22.10.)

< TR08 > E - EEE4 g - H4EE
HOWBREERT 2%E ML - BANERIE - FIREZ
Tuy s FBEE TEB AR - TLEREE
PA=D T RN S SN TEREBARIE - P X
= TRIEEE - PILRRAE T -
F—EIFXVAV L TREZEE - TJIToAk >
REHEAT FOANAFTAVY - 42V T77 47 | ERIEHE - SkEZ
FRARER]
EzYUS B A SEIREE RIS SRR - VL RZRE =
CRC BELRERL Y 4 — - HRET BEIRER Y v & —
HRET, M
TZEWBREE ERREHRE - EAES TRZEE - LBRMET
R/ EBEH BELBERY v &4 — - PIEE— =
RAFLANTATF 4T — —
BEMRL EE PR AR - BLvE— ¥ - EEENE - BIBHEE]

OIS, RWEA, BAA,

Mg 1=, SHEAZE, HEE—, EEE SEEEEFRRNAY A LAN

o & —i2 & BREMBARE, 4 A BAIOR. ERREHE. 2011 39(2) : 293-9.

—303—



ERPREREM 39%2% 2011

Fig. 3 ARk LR
BELXBUS - 2-/N"-FREEALARZRECERICERT

REMHER
(NEDO BiEL
{BEFIMEF)

=y b

TREMXZE

RICH T 5 FHEHH

A/ RTEERE
BEAPERD

......

<EFDE>

B TubtaleBEENBRICIREVWS D
ZGCPEELEAAME NS HDTIHLERENWET
23,

B SIMEHELE L7, F0IRDORS
7 MY, BAE, WNKREZFRTRERES, B
FIRDEEFIZLE 2 =2 &SR Ho 2RI
T, IRELTHEELZEDOTREBD EHA.

BEK EHSBERINB LBV TR, R
BEOREZ LD LTErkngE, BEIZTL
LEIERT, B, 2HEESH I LN
IEEIZES>TLESDT, 0TV IMEE NS D
FEAXNB I LML BEIDLET

—304—

BEF E53 0L TXNET.

BE SOPHi-> TWTGCPOEBRMFAE L
VT ERNTNBEDT, RAIRLRZLEE ST
9. IEERLZ20OTTS, UNKETEY
2ODTHMEBEZTIOIEEAV kL
THERICEDIBE EWTEEAN, BB EL
TWA0DiE, BB2NES. D% DEIFE DKL
EOBERBENZTA NIRRT Z 2L B80S
SRR, KDEBEDLDT, BEDELEZA
BEDEEDIZ YT 4 ANETr —A5/RIZT 3
EWI by T A

¥ 13w, 25T

BE ZT50VWHITLT, BEXAZHEHBEN-ZT
e EnE T,






