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Fig.3. Effects of pitavastatin on sirolimus-induced down regulation of eNOS
and Akt (a representative down stream signal of eNOS) in human aor-
tic endothelial cells. Pitavastatin normalized sirolimus-induced
decrease in phosphorylated (activated) eNOS and Akt. Data are the
meanSEM (n=6 each). p<<0.05 or 0.01 versus no treatment by one-
way ANOVA followed with Dunnett’s multiple comparison test.

(Table 2). Thus, the angiographically examined in-
stent stenosis was less in the pitavastatin-NP group
than in the control and FITC-NP groups. The siroli-
mus-eluting stent showed similar inhibitory effects on
markers of in-stent stenosis.

Histological analysis demonstrated that a signifi-
cant in-stent neointima formed similarly at the bare
metal stent and FITC-NP-eluting stent sites (Fig.5).
Quantitative analysis demonstrated that pitavastatin-
NP-eluting stents attenuated in-stent neointima for-
mation as effectively as sirolimus-eluting stents.

Effects of Pitavastatin-NP-Eluting Stents Versus
Sirolimus-Eluting Stents on Inflammation and
Fibrin Deposition

Micrographs of coronary artery cross-sections
stained with hematoxylin-eosin from FITC-NP-elut-
ing, pitavastatin-NP-eluting, and sirolimus-eluting
stent groups are shown in Fig.6. A semi-quantitative
histological scoring system demonstrated that there
was no significant difference in the injury score among
the four groups four weeks after stenting (Table 3).

Inflammatory cells consisting mainly of macro-
phages were recruited around the stent wire and into
the neointimal layer in all four sites; however, the
inflammation score was significantly less at the
pitavastatin-NP-eluting stent site than in the bare
metal stent site (Table 3). At the sirolimus-eluting
stent site, the inflammation score was greater than at
the bare metal stent and pitavastatin-NP-eluting stent

FBS-induced proliferation of human coronary artery
SMCs (cell number/well )
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Fig. 4. Effects of pitavastatin and pitavastatin-NP on the FBS-
induced proliferation of human CASMCs. Data are the
mean*SEM (n=6 each). *p<0.01 versus no treat-
ment by one-way ANOVA followed with Dunnett’s
multiple comparison test.

sites (Table 3).

Minor fibrin deposition was observed at bare
metal, FITC-NP-eluting, and pitavastatin-NP-eluting
stent sites (Table 3). At the sirolimus-eluting stent
site, the fibrin score was significantly higher than at
the bare metal stent site, and this difference was even
more significant when compared with the pitavastatin-
NP-eluting stent site.

To determine whether the therapeutic effects of
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Table 2. Coronary angiographic parameters (coronary artery diameter, in-stent stenosis) before, immediately after, and 4 weeks

after stent implantation in porcine coronary artery

BMS FITC-NP stent Pitavastatin -NP stent SES value
(n=10) (n=12) (n=12) (n=12) ?

Coronary diameter before stent 2,19%0.04 2.25£0.05 2.41£0.06 2.42%0.10 NS
implantation
Coronary diameter immediately 2, o 2.75%0.05 2.79%0.03 2.89+0.04 NS
after stent implantation
Stent-to-artery ratio immediately ) o0, ) 1.22+0.03 1.13%0.02 1.19%0.04 NS
after stent implantation
Coronary diameter 4 weeks 1.45%0.13 1.51%0.10 2.02+0.12* 2.02£0.15* 0.0025
after stent implantation
Angjiographically-examined
in-stent restenosis 4 weeks after 42.9%49 46.0%3.4 25.8+3.5 27.2%3.7" 0.0003

stent implantation (% diameter
stenosis)

Data are the mean = SEM. NS=not significant

»<0.05 versus control bare metal stent by Bonferroni’s multiple comparison tests

the pitavastatin-NP-eluting stent are mediated by local
or systemic mechanisms, effects of intracoronary
administration of pitavastatin-NP on histopathologi-
cal features after deployment of bare metal stents were
examined (Table 4). Pitavastatin-NP at 300 pg showed
no therapeutic effects on indices of in-stent stenosis
and adverse effects on histopathological scoring.
Pitavastatin-NP at 3000 pg also had no effects on
indices of in-stent stenosis, but modestly but signifi-
cantly decreased fibrin deposition.

Effects of Pitavastatin-NP-Eluting Stents Versus
Sirolimus-Eluting Stents on Endothelial Surface
Coverage

As previously reported, re-endothelialization was
not impaired at sirolimus-eluting stent sites four weeks
post-stenting. There was no significant difference in
the re-endothelialization score among the four groups
four weeks after stenting (Table 3); therefore, the
endothelial surface coverage was examined at earlier
time points (seven days post-stenting) by scanning
electron microscopy. At bare metal stent sites, almost
complete endothelial coverage was noted above and
between stent struts at seven days (Fig.7). Similar
magnitudes of endothelial coverage were observed at
FITC-NP-eluting stent and pitavastatin-NP-eluting
stent sites. In contrast, endothelial coverage was
impaired at sirolimus-eluting stent sites; regions lack-
ing endothelial coverage were generally associated with
platelet aggregation and adherent leukocytes.

Serum and Tissue Concentrations of Pitavastatin

Tissue concentrations of pitavastatin were below
the limit of detection (2.5 ng/g protein) in coronary
artery segments three hours after the deployment of
pitavastatin-NP-eluting stents. In addition, serum lev-
els of pitavastatin were below the limit of detection (1
ng/mL) one and three hours after the deployment of
pitavastatin-NP-eluting stents.

Discussion

We here report the first successful development
of pitavastatin-NP-eluting stents with a newly
invented cationic electrodeposition coating technol-
ogy. We previously showed that (1) PLGA-NP was
taken up actively by VSMC and endothelial cells
mainly via endocytosis and was retained stably in the
intracellular space and that (2) NPs may slowly release
encapsulated drugs as PLGA is hydrolyzed® ? This
bioabsorbable polymeric NP-eluting stent system has
unique aspects with respect to vascular compatibility
and efficient drug delivery (stable delivery of NPs into
the neointima and medial layers until day 28 after
deployment of the NP-eluting stent), as compared to
dip-coated polymer-eluting stents??. Importantly, this
NP drug delivery system can carry hydrophilic agents
such as statins, which offer advantages over the cur-
rent stent-coating technology. In addition, this NP-
eluting stent system provided an effective means of
delivering NP-incorporated drugs or genes that target
intracellular proteins involved in the pathogenesis of
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Fig.5. Histopathological analysis of in-stent neointima formation four weeks
after stent implantation.

A, Coronary artery cross-sections stained with hematoxylin-eosin from bare metal stent
(BMS), FITC-NP-eluting, pitavastatin-NP-eluting, and sirolimus-eluting stent (SES)
groups. Bar=0.5 mm. B, Neointima area (mm?*) and % stenosis [100 X (area of inter-
nal elastic lamia - neointima area) / area of internal elastic lamia] in bare metal stent
(n=10), FITC-NP-eluting stent (z=12), pitavastatin-NP-eluting stent (z=12) stent,
and sirolimus-eluting stent (7 =12) groups.

in-stent neointima formation; therefore, this NP-elut-
ing stent system may work as an excellent platform for
delivering therapeutic agents.

The pleiotropic (non-LDL-related) vasculopro-
tective effects of statins are mediated through reduced
levels of cholesterol biosynthesis intermediates that
serve as lipid attachments for posttranslational modifi-

cations (isoprenylation) of proteins, including Rho and
Rac®. In the present study, pitavastatin was selected as
the nanoparticulation compound because this com-
pound elicited (1) the most potent inhibitory effects
on human VSMC proliferation (Table 1), and (2) the
greatest effects on the re-endothelialization response of
human endothelial cells and on the inhibition of tis-
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Fig.6. Representative low- (left panels) and high-magnification (right
panels) micrographs of coronary artery cross-sections stained with
hematoxylin-eosin after four weeks from FITC-NP-eluting,
pitavastatin-NP-eluting, and sirolimus-eluting stent groups.

sue factor expression (Fig.1 and 2). A possible expla-
nation for the discrepancy in the effect of VSMC pro-
liferation between hydrophilic and lipophilic statins is
that, under 77 vitro conditions, hydrophilic statins are
hardly incorporated into vascular tissues or vascular
smooth muscle cells while lipophilic statins are more
widely taken up by vascular tissues and cells via pas-
sive diffusion. Pitavastatin normalized sirolimus-
induced inhibition of eNOS activity in human endo-
thelial cells (Fig.3). In addition, pitavastatin-NP was
as effective as non-nanoparticulated pitavastatin at an
approximately 100-fold lower dose for inhibition of
VSMC proliferation (Fig.4). Collectively, these in
vitro data suggest that the NP-mediated delivery of

pitavastatin may be more effective than pitavastatin
alone in inhibiting VSMC proliferation and tissue fac-
tor expression and in promoting re-endothelialization.

We previously reported the central role of mono-
cyte-mediated inflammation in the pathogenesis of in-
stent neointima formation?3" and the formulation of
polymeric gene-eluting stents or nuclear factor kappa-
B decoy, inhibiting in-stent stenosis®® 3?; however,
although advanced polymer technology was used, we
were not able to formulate appropriate statin coating
on metallic stents (authors’ unpublished observation).
An important finding of this study is that pitavastatin-
NP-cluting stents attenuated in-stent stenosis (neo-
intima formation) as effectively as sirolimus-eluting
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Table 3. Re-endothelialization, injury score, inflammation score, and fibrin score 4 weeks after stenting

BMS FITC-NP stent Pitavastatin -NP stent SES

(n=10) (n=12) (n=12) (n=12) pvalue
Re-endothelialization score 2.70%0.15 2.83+0.11 2.83x0.11 2.08%+0.43 NS
Injury score 1.31%0.03 1.39x0.07 1.36+0.05 1.42%0.11 NS
Inflammation score 1.65%0.14 1.64£0.07 1.08%0.14" 2.38%0.12"  »<0.0001
Fibrin score 0.30+0.15 0.58%0.19 0.65%0.18 2.00£0.21"  »<0.0001

Data are the mean* SEM. *»<0.05, **»<0.01 versus control bare metal stent by Kruskal-Wallis test followed with non-parametric Dunn’s multi-
ple comparison tests. NS: Not Significant.

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=>75%). _

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 lac-
erated; 2=1EL lacerated, media lacerated, external elastica lamina (EEL) compressed, 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 num-
ber 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, non-circumferential inflam-
matory cell infiltrate surrounding the strut; 2=localized, moderate to dense cellular aggregate surrounding the strut non-circumferentially; and
3 =circumferential dense inflammatory cell infiltration of the strut. The inflammatory score for each cross section was calculated in the same man-
ner as for the injury score (sum of the individual inflammatory scores, divided by the number of struts in the examined section).

The intimal fibrin content was graded as 0, no residual fibrin; 1, focal regions of residual fibrin involving any portion of the artery or moderate
fibrin deposition adjacent to the strut involving <25% of the circumference of the artery; 2, moderate fibrin involving >25% of the circumference
of the artery or heavy deposition involving <25% of the circumference of the artery; or 3, heavy fibrin deposition involving >25% of the circum-
ference of the artery.

Table 4. Effects of intracoronary saline or Pitava-NP on histopathological morphometry and scoring 4 weeks after stenting

saline Pitavastatin-NP 300 pg  Pitavastatin-NP 3000 pg o
(n=5) (n=6) (n=6) praue
Morphometry at stent sites
Lumen area 2.88%0.25 2.29+1.01 2.72+0.88 NS
Media area 0.95+0.12 1.25=0.32 0.92x0.13 NS
Neointimal area 1.80%0.14 2.30+0.93 1.92+0.88 NS
Scores at stent sites
Injury score 1.00=0.0 1.22+0.13 1.04+0.05 NS
Inflammation score 1.33+0.0 1.47 £0.46 1.23+0.08 NS
Fibrin score 0.75%0.09 0.74%0.27 0.39%0.16* £<0.05
Endothelization score 2.00£0.0 1.80+0.27 1.98%+0.03 NS

Data are the mean * SEM. *p<0.05 versus control bare metal stent by Kruskal-Wallis test followed with non-parametric Dunn’s multiple compari-
son tests. NS: not significant.

stents in a porcine coronary artery model. It is likely
that local mechanisms are involved in the mechanism
of the therapeutic effects of pitavastatin-NP eluting
stents, because intracoronary administration of
pitavastatin-NP at 300 pg (an equivalent dose to that
coated on pitavastatin-NP-eluting stent) showed no
effects. A prior study reported that oral administration
of pitavastatin at 40 mg/body per day for five weeks
inhibited in-stent stenosis in a porcine coronary artery
model'?. The estimated dose of pitavastatin loaded on
our NP-eluting stent was 20+4 pg/stent, which is

much lower than the cumulative systemic dose used in
a prior study (40x35 days=1350 mg/body)'?. We
measured the local tissue concentrations of pitavas-
tatin with HPLC and found them to be under the
limit of detection immediately after the deployment
of the pitavastatin-NP-eluting stent; therefore, the
local concentration of pitavastatin after deployment of
the pitavastatin-NP-eluting stent is unclear, but is less
than the limit of detection (2.5 ng/g protein or 1 ng/
mL).

Delayed endothelial healing effects characterized
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Fig.7. Endothelial surface coverage analysis by scanning electron microscopy.

A, Representative micrographs of the endothelial surface by scanning electron
microscopy one week after stent implantation. B, Endothelial coverage score one
week after stent implantation in bare metal stent (BMS), FITC-NP-eluting stent
(FITC-NP), pitavastatin-NP-eluting stent (Pitava-NP) stent, and sirolimus-eluting

stent (SES) groups (n=3 each).

by impaired re-endothelialization and persistence of
fibrin and inflammation are an important histopatho-
logical feature in arteries exposed to currently marketed
DESs in experimental animals®**¥ and in humans*9.
These delayed endothelial healing effects are presumed
to result from the effects of drugs coated on DESs (see
Introduction). Using human pathological data from
autopsy patients in whom death occurred >30 days
after drug-eluting stent placement, Finn et 4l dem-

onstrated that endothelialization of the stent was the
best predictor of late in-stent thrombosis. Heterogene-
ity of healing is a common finding in cases of late
drug-eluting stent thrombosis. In this study, we con-
firmed the delayed endothelial healing effects of siroli-
mus-eluting stents in porcine coronary arteries (Fig. 5,
6, and 7) reported by Virmani’s group”; however, we
found that pitavastatin-NP-eluting stents had no such
delayed endothelial healing effects in porcine coronary
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arteries in vivo. The opposing effects of pitavastatin-
NP-eluting stents and sirolimus-eluting stents might
be explained by our 7z vitro study (Fig.1 and 2). Col-
lectively, these data on anti-endothelial healing prop-
erties suggest that pitavastatin-NP-eluting stents may
have an advantage over currently marketed polymeric
DES devices. Future studies are needed to prove this
point.

A major limitation of this study is that this study
was performed in normal pigs without pre-existing
atherosclerotic coronary lesions, although this porcine
coronary artery model is regarded as an appropriate
and standard preclinical study model®. A long-term
efficacy study is also needed.

In conclusion, pitavastatin-NP-eluting stents not
only attenuated in-stent stenosis as effectively as poly-
mer-coated sirolimus-eluting stents but also elicited
endothelial healing effects in a porcine coronary artery
model. Delayed endothelial healing is a common fea-
ture at atherosclerotic arterial sites deployed with cur-
rently marketed DESs, which may lead to an increased
risk of late stent thrombosis. Our present technology
can be one approach to overcome the adverse effects
of current DESs and may provide the optimal anti-
healing combination: the inhibition of VSMC prolif-
eration to decrease restenosis and the promotion of re-
endothelialization to protect from late stent thrombo-
sis. This NP-eluting stent system may be developed as
an innovative platform for the future treatment of ath-
erosclerotic vascular disease.
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Nanoparticle-Mediated Delivery of Pitavastatin Inhibits
Atherosclerotic Plaque Destabilization/Rupture in Mice by
Regulating the Recruitment of Inflammatory Monocytes

Shunsuke Katsuki, MD; Tetsuya Matoba, MD, PhD; Soichi Nakashiro, MD; Kei Sato, PhD;
Jun-ichiro Koga, MD, PhD; Kaku Nakano, PhD; Yasuhiro Nakano, MD; Shizuka Egusa, PhD;
Kenji Sunagawa, MD, PhD; Kensuke Egashira, MD, PhD

Background—Preventing atherosclerotic plaque destabilization and rupture is the most reasonable therapeutic strategy
for acute myocardial infarction. Therefore, we tested the hypotheses that (1) inflammatory monocytes play a causative
role in plaque destabilization and rupture and (2) the nanoparticle-mediated delivery of pitavastatin into circulating
inflammatory monocytes inhibits plaque destabilization and rupture.

Methods and Results—We used a model of plaque destabilization and rupture in the brachiocephalic arteries of
apolipoprotein E~deficient (ApoE~") mice fed a high-fat diet and infused with angiotensin II. The adoptive transfer
of CCR2"*Ly-6Che! inflammatory macrophages, but not CCR27- leukocytes, accelerated plaque destabilization
associated with increased serum monocyte chemoattractant protein-1 (MCP-1), monocyte-colony stimulating factor,
and matrix metalloproteinase-9. We prepared poly(lactic-co-glycolic) acid nanoparticles that were incorporated by
Ly-6GCD11b* monocytes and delivered into atherosclerotic plaques after intravenous administration. Intravenous
treatment with pitavastatin-incorporated nanoparticles, but not with control nanoparticles or pitavastatin alone, inhibited
plaque destabilization and rupture associated with decreased monocyte infiltration and gelatinase activity in the plaque.
Pitavastatin-incorporated nanoparticles inhibited MCP-1-induced monocyte chemotaxis and the secretion of MCP-1
and matrix metalloproteinase-9 from cultured macrophages. Furthermore, the nanoparticle-mediated anti-MCP-1 gene
therapy reduced the incidence of plaque destabilization and rupture.

Conclusions—The recruitment of inflammatory monocytes is critical in the pathogenesis of plaque destabilization and rupture,
and nanoparticle-mediated pitavastatin delivery is a promising therapeutic strategy to inhibit plaque destabilization and
rupture by regulating MCP-1/CCR2-dependent monocyte recruitment in this model. (Circulation. 2014;129:896-906.)

Key Words: monocytes m myocardial infarction m nanoparticles m plaque m statins, HMG-CoA

oronary heart disease is the leading cause of death world-

wide, and at least 7 million patients die of this disease each
year (386324 people in the United States alone).! Acute myo-
cardial infarction (AMI) is the most severe type of coronary
heart disease and the most frequent cause of heart failure, and
it impairs the quality of life and inflates medical costs. Timely
and successful revascularization therapy for AMI reduces
short-term mortality, and current standard medical therapy
with angiotensin-converting enzyme inhibitors and [3-blockers
ameliorates the development of post-myocardial infarction
heart failure. However, these recent advances in therapeutic
intervention for AMI are associated with an increased preva-
lence of heart failure with high long-term mortality, which
remains a serious concern.” In the United States, 5.1 million
people experienced heart failure in 2010, and 274601 people

died of heart failure in 2009.! Therefore, there is an urgent
need for preventive treatment to avoid plaque destabilization
and rupture, which directly cause AMI.
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Rupture-prone unstable atherosclerotic plaques fea-
ture  monocyte/macrophage infiltration, lipid core
formation, and fibrous cap thinning by matrix metallo-
proteinases (MMPs).> Recent reports suggest that mono-
cytes are functionally polarized into at least 2 major
subsets: Inflammatory monocytes (CD14™CD16~ in
humans and Ly-6C""CCR2*CX3CRI1"™ in mice) and
anti-inflammatory monocytes (CD14*CD16* in humans and
Ly-6C**CCR2-CX3CR1"¢" in mice).* Inflammatory mono-
cytes are found in the peripheral blood of patients with AMI,’
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which suggests that they have a pathological role in plaque
destabilization; however, substantial proof for a causative role
of inflammatory monocytes in the pathogenesis of plaque
destabilization and rupture is lacking.

HMG-CoA reductase inhibitors (statins) lower serum cho-
lesterol levels and reduce cardiovascular events and mortality
by 32% to 37% in primary prevention trials®” and 24% to 30%
in secondary prevention trials.*” Data from clinical trials indi-
cate that although the intensive use of statins reduces serum
C-reactive protein levels and cardiovascular risk and attenu-
ates the progression of coronary artery plaque,'®"® the risk
reduction caused by on-label doses of statins remains insuffi-
cient to suppress AML'? In animals, plaque-stabilizing effects
have been observed after high doses of statins.'*'® Statins
exert multiple vasculoprotective effects on endothelial cells,
vascular smooth muscle cells, and monocytes.'”?' Thus, we
hypothesized that the controlled delivery of statins to inflam-
matory monocytes and atherosclerotic plaques might optimize
the plaque-stabilizing effects of statins.

Recently, we developed a novel nanoparticle-mediated
drug-delivery system (DDS) that is formulated from bioab-
sorbable poly(lactic-co-glycolic) acid (PLGA) polymer, and

we reported that nanoparticles were taken up by a variety of

cells, such as monocytes, vascular smooth muscle cells, and
endothelial cells. In addition, the nanoparticle-mediated DDS
showed a significant enhancement in the therapeutic effects
on ischemia-induced neovascularization** and pulmonary
arterial hypertension® in animal models compared with con-
ventional administration. Nanoparticles are rapidly taken up
by circulating monocytes and the mononuclear phagocytic
system after intravenous administration,” and nano-sized
contrast agents accumulate in atherosclerotic plaques.”® To
the best of our knowledge, no prior studies have addressed
whether polymeric nanoparticles accumulate in unstable
atherosclerotic plaques after intravenous administration or
whether the nanoparticle-mediated delivery of pitavastatin
has therapeutic effects on plaque destabilization and rupture
in vivo. Therefore, we tested the hypotheses that (1) inflam-
matory monocytes play a causative role in plaque destabiliza-
tion and rupture and (2) the nanoparticle-mediated delivery
of pitavastatin inhibits plaque destabilization and rupture by
targeting inflammatory monocytes.

Methods

Experimental Animals

Male apolipoprotein E—deficient (ApoE~") mice on the C57BL/6J
genetic background were purchased from Jackson Laboratory (Bar
Harbor, ME). ApoE""CCR27~ and ApoE”-CCR2** mice with the
same genetic background (C57BL/6J and 129/svjae hybrids) were
used.” Animals were maintained on a 12-hour light-dark cycle with
free access to normal rodent chow and water.

Diet Preparation

A high-fat diet that contained 21% fat from lard and was supple-
mented with 0.15% (wt/wt) pure cholesterol (Oriental Yeast, Tokyo,
Japan) was prepared according to the formula recommended by the
American Institute of Nutrition. Additional details can be found in the
online-only Data Supplement.
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Experimental Protocol

The study protocol was reviewed and approved by the Committee
on the Ethics of Animal Experiments, Kyushu University Graduate
School of Medical Sciences. The 4 sets of animal experiments
are depicted in a schematic in Figure I in the online-only Data
Supplement). Brachiocephalic arteries were isolated with the aortic
arches. Isolated samples were fixed in 3.7% formaldehyde for his-
tological and immunohistochemical analyses or were snap-frozen
in liquid nitrogen and stored at —80°C for biochemical analysis.
Additional details for each experimental protocol can be found in the
online-only Data Supplement.

Histopathology and Immunohistochemistry
Histopathological and immunohistochemical evaluations were per-
formed to quantify atherosclerosis and examine both plaque mor-
phology and the mechanism of plaque destabilization and rupture.
Atherosclerotic plaques were stained with oil red O, and cross sec-
tions of the brachiocephalic arteries and aortic root were stained with
elastica van Gieson, antimacrophage surface glycoprotein Mac3, and
monocyte chemoattractant protein-1 (MCP-1). Additional details are
provided in the online-only Data Supplement.

Flow Cytometry

Leukocytes from peripheral blood and the spleen and peritoneal cells
were obtained from mice and analyzed with a FACSCalibur cytome-
ter (Becton-Dickinson Biosciences, San Jose, CA). Additional details
can be found in the online-only Data Supplement.

Preparation of PLGA Nanoparticles

PLGA nanoparticles encapsulated with FITC (FITC-NP), pitavas-
tatin (pitavastatin-NP) and 7ND plasmid (7ND-NP) were prepared
by use of an emulsion solvent diffusion method, as reported previ-
ously.””?* Additional details can be found in the online-only Data
Supplement.

In Vivo Kinetics of the Nanoparticles

Excised aortas from the atherosclerotic mice were intravenously
injected with or without FITC-NP and were evaluated by stereo-
scopic and fluorescence microscopy. Sections of the brachiocephalic
artery were evaluated by fluorescence microscopy or were stained
with hematoxylin and eosin. Additional details can be found in the
online-only Data Supplement.

In Situ Zymography

Gelatinase (MMP-2/gelatinase-A  and MMP-9/gelatinase-B)
activity was measured in unfixed frozen sections with quenched
fluorescein-labeled gelatinase substrate (DQ gelatin; Invitrogen,
Eugene, OR).”® Additional details can be found in the online-only
Data Supplement.

Gelatin Zymography

The lipopolysaccharide-induced gelatinase activity of RAW?264.7
cells was measured with a gelatin Zymo electrophoresis kit (Primary
Cell, Hokkaido, Japan) according to the manufacturer’s directions.
Additional details can be found in the online-only Data Supplement.

Real-Time Quantitative Reverse-Transcription
Polymerase Chain Reaction

Real-time polymerase chain reaction amplification was performed
with mouse cDNA with the use of the ABI PRISM 7000 sequence
detection system (Applied Biosystems/Life Technologies, Carlsbad,
CA), as described previously.?” The polymerase chain reaction prim-
ers and TagMan probes we used can be found in the online-only Data
Supplement.

Downloaded from http://circ.ahajournals.org/ at KYUSHU UNIVERSITY on May 11, 2014



