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Supplementary Figure Legends

Supplementary Figure 1. Experimental protocols for the treatments in ApoE” mice. At
16-18 weeks of age, mice began receiving the HFD. After 4 weeks of the experimental
diet, all mice were infused with angiotensin II dissolved in phosphate-buffered saline
(PBS) at 1.9 mg/kg per day.

Protocol 1. Animals were divided into 2 groups at the beginning of angiotensin II
infusion: (i) adoptively transferred CCR2""*-inflammatory macrophages from ApoE™
mice (1 x 10° cells/ 200 pl PBS) and (ii) adoptively transferred CCR2™"-leukocytes from
ApoE”"CCR2” mice (1 x 10° cells/ 200 ul PBS).

Protocol 2. Animals were divided into 2 groups at the beginning of angiotensin II
infusion: (i) the FITC-incorporated NP group (1.3 mg PLGA/ 200 ul PBS) and (i1) the
7ND-incorporated NP group (5 pg 7ND plasmid/ 200 pl PBS). NPs were administered by
weekly intravenous injection.

Protocol 3. Animals were divided into 4 groups at the beginning of angiotensin II
infusion: (i) the no treatment group, (ii) the FITC-incorporated NP group (0.1 mg PLGA/
200 pl PBS), (iii) the pitavastatin-only group (0.012 mg pitavastatin/ 200 pl PBS), and (iv)
the pitavastatin-incorporated NP group (0.1 mg PLGA/ 0.012 mg pitavastatin/ 200 pl
PBS). NPs were administered by weekly intravenous injection.

Protocol 4. Animals were divided into 2 groups at the beginning of angiotensin II
infusion: (i) oral daily administration of pitavastatin at a low dose (0.1 mg/kg/day) and (ii)
oral daily administration of pitavastatin at a high dose (1.0 mg/kg/day). Pitavastatin was
daily administered by oral gavage.

The no treatment group in protocol 2 was also used as the control group in protocols 1.

and 4.

Supplementary Figure 2. Characteristics and kinetics of adoptive transferred
macrophages. (A) Quantitative flow cytometric analysis of the number of F4/80°CD115"
macrophages in the peritoneal cavities of ApoE™ or ApoE”"CCR2™ mice induced by

intraperitoneal injection of thioglycollate (TG). (B) Quantitative analysis of the mean
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fluorescence intensity (MFI) of Ly-6C expression in the F4/80°CD115" macrophages
from the peritoneal cavities of the ApoE'/ “mice. The data are reported as the mean+=SEM.
(C) Left panel: A fluorescence photomicrograph of the brachiocephalic artery of an
ApoE” mouse from the no treatment group. Upper middle and right panel: PKH
fluorescence photomicrographs of the brachiocephalic artery of an ApoE™ mouse
transferred with PKH-labeled activated macrophages. Lower middle and right panel: FITC
autofluorescence photomicrographs of the brachiocephalic artery of an ApoE'/ " mouse
transferred with PKH-labeled activated macrophages. Right panel: An expanded image of
the red square area in the middle panel. The nuclei were stained with DAPI. The scale bar

indicates 100 pm.

Supplementary Figure 3. The adoptive transfer of splenic monocytes accelerates plaque
destabilization and rupture in the brachiocephalic arteries. (A) Left panel: Representative
flow cytometry dot plots of splenic leukocytes from ApoE”/ “mice. Middle panel: The
Representative flow cytometry dot plots of splenic leukocytes negatively selected with
antibodies against the leukocytes other than monocytes from ApoE” mice. Right panel:
The Representative histogram of Ly-6C expression on negatively selected splenic
monocytes. (B) Upper panel: Photomicrographs of atherosclerotic plaques in the
brachiocephalic artery stained with elastica van Gieson (EVG) in the No Treatment (N)
and the Monocytes (M) groups. Arrowheads indicate disrupted/buried fibrous caps. The
scale bar indicates 100 pm. Lower panel: Quantitation of the number of disrupted/buried
fibrous caps and fibrous cap thickness. The data are reported as the meantSEM. *P<0.05
versus the No Treatment group. There were no statistically significant differences in

fibrous cap thickness between the two groups.

Supplementary Figure 4. Cellular uptake and in vitro kinetics of the NPs in macrophages.
(A) Fluorescence photomicrographs of murine peritoneal macrophages incubated with
FITC-NPs for 24 hours. An inset depicts a photomicrograph of macrophages incubated

without FITC-NPs. (B) A fluorescence confocal microscopy image of RAW264.7 cells
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incubated with FITC-NPs for 24 hours. (C) Electron microscopy image of RAW264.7
cells incubated with OsO4-NPs for 24 hours. (D) Upper panel: Time course of the FITC
signal retained in RAW264.7 cells after a 2-hour incubation with FITC-NPs or FITC (0.3,
1,3, 10, 30, 100 uM) followed by a washout period. Cells were observed at 0, 24, 72
hours, and 1 week of washout. Lower panel: Quantitative analysis of relative fluorescence
units (RFUs) of RAW264.7 cells incubated with FITC-NPs (green lines) or FITC (blue
lines). *P<0.01 and **P<0.001 versus FITC (N = 4 per group). Data were compared using

two-way ANOVA followed by Bonferroni’s multiple comparison tests.

Supplementary Figure 5. Effects of daily oral administration of pitavastatin (0.1 or 1.0
mg/kg per day) on atherosclerotic plaque rupture in the brachiocephalic arteries. (A)
Upper panel: Photomicrographs of atherosclerotic plaques stained with elastica van
Gieson (EVG), Mac3 or MCP-1 in the No Treatment (N), pitavastatin 0.1 mg/kg (0.1), and
pitavastatin 1.0 mg/kg (1.0) groups. Arrowheads indicate disrupted/buried fibrous caps.
The scale bar indicates 100 pm. Lower panel: Quantitation of the number of
disrupted/buried fibrous caps, fibrous cap thickness and Mac3- and MCP-1-positive areas.
The data are reported as the mean+=SEM. 7P<0.05 versus the No Treatment group using
one-way ANOVA followed by Dunnett’s multiple comparison tests. **P<0.01 versus the
No Treatment group using one-way ANOVA followed by Bonferroni’s multiple
comparison tests. (B) Upper panel: Photomicrographs of the intraluminal surface of the
total aorta stained with oil red O. Lower panel: Quantitation of the percentage of the
plaque area compared with the total luminal surface area. The data are reported as the
mean+SEM. *P<0.05 versus the No Treatment group. (C) Upper panel: Photomicrographs
of atherosclerotic plaques in the aortic root stained with EVG or Mac3. Lower panel:
Quantitation of plaque size and Mac3-positive areas. The scale bar indicates 200 pm. The
data are reported as the mean+SEM. 1P<0.05 versus the No Treatment group using

one-way ANOVA followed by Dunnett’s multiple comparison tests.
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Supplementary Tables
Supplementary Table 1. Body weight, heart rate, systolic blood pressure, and lipid

profiles in the no treatment, CCR2™ inflammatory macrophage, and CCR2™" leukocyte

groups.
+/+
CCR2 CCR2™
No Treatment Inflammatory
Leukocyte
(N=9) Macrophage
(N=5) (N=8)
Body Weight (g) 33+1 3543 34+3
Heart Rate (beat/min) 650+20 640+40 580440
Systolic Blood Pressure
120+£2 11248 11549
(mmHg)
Total Cholesterol (mg/dl) 660+30 710£100 720+60
Triglyceride (mg/dl) 65+9 74+£16 69+5

The data are expressed as the mean+SEM. The mean values were compared using
ANOVA and Bonferroni’s multiple comparison tests, and there are no significant

differences for any of these parameters among these groups.

Supplementary Table 2. Body weight, heart rate, systolic blood pressure, and lipid

profiles in the no treatment, FITC-NP, pitavastatin, and pitavastatin-NP groups.

No Treatment FITC-NP Pitava Pitava-NP

N=9) (N=17) (N=16) (N=10)

Body Weight (g) 33+l 301 341 321



Heart Rate (beat/min) ~ 090%20 630+30
Systolic Blood

Pressure (mmHg)
Total Cholesterol
(mg/dl)

Triglyceride (mg/dl) 65+9 60+£5

120+0 110+10

660+30 67050
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650+20 590+20
12£10 120+0
610+50 710£40
53+5 70+6

The data are expressed as the mean+SEM. The mean values were compared using

ANOVA and Bonferroni’s multiple comparison tests, and there are no significant

differences for any of these parameters compared with the No Treatment group.

Supplementary Table 3. Body weight, heart rate, systolic blood pressure, and lipid

profiles in the FITC-NP and 7ND-NP groups.

FITC-NP (N=9) 7ND-NP (N=10)
Body Weight (g) 28+1 25+1
Heart Rate (beat/min) 640+30 680+10
(Srij:;;i;Blood Pressure 130£10 120410
Total Cholesterol (mg/dl) 72060 730420
Triglyceride (mg/dl) 47£11 53+18

The data are expressed as the mean=SEM. The mean values were compared using the

unpaired #-test, and there are no significant differences for any of these parameters

between these 2 groups.
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Supplementary Table 4. Body weight, heart rate, systolic blood pressure, and lipid

profiles in the no treatment, pitavastatin 0.1 mg/kg, and pitavastatin 1.0 mg/kg groups.

Pitavastatin Pitavastatin
No Treatment
0.1 mg/kg 1.0 mg/kg
(N=9) (N=10) (N=11)
Body Weight (g) 33+1 304£1* 32+0
Heart Rate (beat/min) 650+20 610£20 630+10
Systolic Blood Pressure 12040 1100 12020
(mmHg)
Total Cholesterol (mg/dl) 660+30 780+20 800+50
Triglyceride (mg/dl) 65+9 82+15 43+5

The data are expressed as the mean+SEM. *P<0.05 versus the No Treatment group. The

data were compared using ANOVA followed by Bonferroni’s multiple comparison tests.

Supplementary Table 5. Serum biomarkers in the no treatment, CCR2™ inflammatory

macrophage, and CCR2™ leukocyte group.

CCR2™

CCR2”
No Treatment Inflammatory
Leukocyte
(N="7) Macrophage
= =7
(N=5) 7

Apo Al pg/mL 48+6 39+6 38+3
CD40 pg/mL 87+9 160+40 759
CD40 Ligand  pg/mL 2600+300 5700+£400%* 4600+£700%

CRP pg/mL 111 10=£1 11+£2



EGF
Endothelin-1
Eotaxin
Factor VII
FGF-basic
GCP-2
Haptoglobin
IFN-y

IgA

IL-10

IL-11

IL-17

IL-18
IL-1a
IL-18

IL-5

IL-6

IL-7

1P-10

LIF
Lymphotactin
MCP-1
MCP-3

MCP-5

pg/mL
pg/mL
pg/mL
ng/mL
ng/mL
ng/mL
pg/mL
pg/mL
pg/mL
pg/mL
pg/mL
ng/mL
ng/mL
pg/mL
ng/mL
ng/mL
pg/mL
ng/mL
pg/mL
pg/mL
pg/mL
pg/mL
pg/mL

pg/mL

16+1

18+1

320+20

14=+1

7.0£0.6

317

140420

N.D.

4245

430£20

N.D.

N.D.

18+1

260+72

17+1

N.D.

11£2

0.18+0.06

68+9

1200+0

120+50

130£10

400430

21+£2
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23] **

21£2

330+50

19+1%*

11£1%*

13+£7

190+30

2348

5249

N.D.

490+430

N.D.

30i1***

160445

20+1

0.73+0.23

15+4

0.22+0.12

230+140

1500100

180+40

220+£30%*

700£100%*

494+6**

2]1£]%*

1742

380+30

18=+1

9.0+0.8

Sﬂ:l**

200420

N.D.

60+7

N.D.

85+£29

0.01£0.00

277£Q***

94+15

20+1

0.61+0.12

N.D.

0.18%0.07

54+3

1200+100

100420

110+10

490+40

37+6



M-CSF
MDC
MIP-1a
MIP-18
MIP-1y
MIP-2
MIP-3
MMP-9
MPO
Myoglobin
OSM
RANTES
SAP

SCF
SGOT
TIMP-1
Tissue Factor
TNF-a
TPO
VCAM-1
VEGF

vWF

ng/mL
pg/mL
ng/mL
pg/mL
ng/mL
pg/mL
ng/mL
ng/mL
ng/mL
ng/mL
ng/mL
pg/mL
pg/mL
pg/mL
pg/mL
ng/mL
ng/mL
ng/mL
ng/mL
ng/mL
pg/mL

ng/mL

5.2+0.3

460420

2.4+0.3

190440

50+£3

18+4

2.3+0.2

110+20

110420

320£260

0.15+0.03

0.64:0.20

4742

310240

5149

4.9+0.7

8.6+0.3

0.11+0.02

110+10

2200+100

290+40

150+10
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8.2:£0.4%%*

580470

4.140.27%%*

410+50%*

67+7

28£3

3.540.3%*

210420%*

200+£10%**

2604200

N.D.

N.D.

35+1*

230430

50+5

5.240.9

11£2

N.D.

150+10%*

3500+£700*

200£10

330+130

6.0+0.1

560+40

4.0+0.2%%*

280+20

52+7

2142

2.4+0.3

140+20

160£10%*

78+32

0.03+£0.01**

N.D.

38+4

1904+20*

73+4

4.7+0.6

7.5¢1.0

N.D.

130+£0%*

2700100

190+10*

160+20

The data are expressed as the mean+SEM. The means were compared by means of
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ANOVA and Bonferroni’s multiple comparison tests. *P<0.05 versus the No Treatment
group, **P<0.01 versus the No Treatment group, ***P<0.001 versus the No Treatment
group. Multiplex immunoassay was performed using the Luminex LabMAP instruments
by Charles River Inc. Apo A1 (Apolipoprotein A1), CD (Cluster of Differentiation), CRP
(C Reactive Protein), EGF (Epidermal Growth Factor), FGF-9 (Fibroblast Growth
Factor-9), FGF-basic (Fibroblast Growth Factor-basic), GCP-2 (Granulocyte Chemotactic
Protein-2), GM-CSF (Granulocyte Macrophage-Colony Stimulating Factor), GST-a
(Glutathione S-Transferase alpha), [IFN-y (Interferon-gamma), IgA (Immunoglobulin A),
IL (Interleukin), IP-10 (Inducible Protein-10), KC/GROa (Melanoma Growth Stimulatory
Activity Protein), LIF (Leukemia Inhibitory Factor), MCP (Monocyte Chemoattractant
Protein), M-CSF (Macrophage Colony-Stimulating Factor), MDC (Macrophage-Derived
Chemokine), MIP (Macrophage Inflammatory Protein), MMP-9 (Matrix
Metalloproteinase-9), MPO (Myeloperoxidase), OSM (Oncostatin M), RANTES
(Regulation Upon Activation, Normal T-Cell Expressed and Secreted), SAP (Serum
Amyloid P), SCF (Stem Cell Factor), SGOT (Serum Glutamic-Oxaloacetic Transaminase),
TIMP-1 (Tissue Inhibitor of Metalloproteinase Type-1), TNF-a (Tumor Necrosis
Factor-alpha), TPO (Thrombopoietin), VCAM-1 (Vascular Cell Adhesion Molecule-1),
VEGF (Vascular Endothelial Cell Growth Factor), vWF (von Willebrand Factor). N.D.

(Not Detected).

Supplementary Table 6. Serum biomarkers in the FITC-NP and pitavastatin-NP groups.

FITC-NP (N= 6) Pitava-NP (N=9)

Apo Al pg/mL 4542 46+2



CD40

CDA40 Ligand
CRP

EGF
Endothelin-1
Eotaxin
Factor VII
FGF-basic
GCP-2
Haptoglobin
IgA

IL-10

IL-11

IL-18

IL-1a

IL-18

IL-4

IL-5

IL-6

IL-7

IP-10

LIF
Lymphotactin

MCP-1

pg/mL
pg/mL
pg/mL
pg/mL
pg/mL
pg/mL
ng/mL
ng/mL
ng/mL
pg/mL
pg/mL
pg/mL
pg/mL
ng/mL
pg/mL
ng/mL
pg/mL
ng/mL
pg/mL
ng/mL
pg/mL
pg/mL
pg/mL

pg/mL

110+10

1900£100

7.6+0.8

26+3

242

370+10

2842

17£2

39+£5

150+10

44412

N.D.

12060

18+1

440+130

7.9+£0.3

71£28

0.80+0.12

N.D.

0.082+0.018

4043

1900+100

80+9

130+10
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9011

1400+£100*

7.540.8

24+1

24+1

420420

28+1

17+0

3544

150+10

32+3

N.D.

61+9

16+1

200440

7.8+0.6

59+6

1.1£0.2

12+4

N.D.

47+7

1900+100

82+7

110+£0*



MCP-3
MCP-5
M-CSF
MDC
MIP-1a
MIP-18
MIP-1y
MIP-2
MIP-3
MMP-9
MPO
Myoglobin
OSM

SAP

SCF
TIMP-1
Tissue Factor
TPO
VCAM-1
VEGF

vWF

pg/mL
pg/mL
ng/mL
pg/mL
ng/mL
pg/mL
ng/mL
pg/mL
ng/mL
ng/mL
ng/mL
ng/mL
ng/mL
pg/mL
pg/mL
ng/mL
ng/mL
ng/mL
ng/mL
pg/mL

ng/mL

380+30

28+4

7.3+0.1

650+40

3.3+0.2

200+30

54+4

28+2

2.0+0.1

130+10

140+20

240+60

0.05+0.01

3242

280+10

5.04£0.7

14+1

30+3

26004100

200+20

180+10
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320420
3042
7.5+0.2
840+70
3.2+0.1
180=£10
4543
2242
2.1+0.1
120+10
120£10
360+150
N.D.
3042
240+10%*
4.3£0.5
12+0
3242
2500+£200
150+£10%*

150+£10%

The data are expressed as the mean+SEM. The mean values were compared using an

unpaired #-test. *P<0.05 versus the FITC-NP group.
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Supplementary Table 7. Plasma concentration of pitavastatin in the pitavastatin and

pitavastatin-NP groups.

2 hours 6 hours 24 hours
Pitavastatin (ng/mL) 1.3+0.2 N.D. N.D.
Pitavastatin-NP (ng/mL) 2.5+0.2% N.D. N.D.

The data are expressed as the mean+SEM. The mean values were compared using an

unpaired #-test. *P<0.05 versus the Pitavastatin group.
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Nanoparticle-Mediated Drug Delivery System
for Cardiovascular Disease

Tetsuya MaToBa,' MD and Kensuke EGASHIRA,"”> MD

SUMMARY

Administration of drugs and other therapeutic agents has been the central strategy of contemporary medicine for
cardiovascular disease. The use of a drug delivery system (DDS) is always demanded to enhance the efficacy and safety
of therapeutic agents, and improve the signal-to-noise ratio of imaging agents. Nano-scale materials modify in vivo drug
kinetics, depending on (patho)physiological mechanisms such as vascular permeability and incorporation by the mono-
nuclear phagocyte system, which constitute ‘passive-targeting’ properties of nano-DDS. By contrast, an ‘active-target-
ing’ strategy employs a specific targeting structure on nano-DDS, which binds to the target molecule that is specific for a
certain disease process, such as tumor specific antigens and the induction of adhesion molecules. In this review, we sum-
marize recent studies that applied nano-DDS for the diagnosis and treatment of cardiovascular disease, especially focus-
ing on atherosclerosis and myocardial ischemia-reperfusion (IR) injury. Pathophysiological changes in atherosclerosis
and myocardial IR injury are successfully targeted by nano-DDS and preclinical studies in animals showed positive ef-
fects of nano-DDS enhancing efficacy and reducing adverse effects. The development of nano-DDS in clinical medicine

is keenly being awaited. (Int Heart J 2014; 55: 281-286)
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Nanoparticle-Mediated Drug Delivery Systems

Administration of drugs and other therapeutic agents has
been the central strategy of contemporary medicine, based on
the concept that a certain disease is caused by a formation of
abnormal or diseased cells within healthy organs and the body.
In order for drugs to affect disregulated organs and cells, drugs
need to overcome physiological barriers, namely circulation to
organs, and tissue to cells, and reach target molecules within
the cells. On the other hand, all drugs possess potential toxicity
that may limit their safe dose and thereby therapeutic efficacy.
Targeting drugs to diseased organs/cells may reduce the poten-
tial risks of adverse effects; therefore, the use of a drug deliv-
ery system (DDS) is always needed to enhance the efficacy
and safety of therapeutic agents, and overcome any drawbacks
of the agents, such as toxicity, low water solubility, poor bioa-
vailability, and low organ specificity. Moreover, targeting de-
livery is a desirable property for diagnostic purposes as it im-
proves the signal-to-noise ratio and optimizes sensitivity and
specificity.

Recent application of nanotechnology to medicine has
developed nanoparticle-mediated DDS (nano-DDS), which
modifies the in vivo kinetics of therapeutic and diagnostic
agents. One of the most important motives for nano-DDS is
drug targeting, which may utilize physiology and pathophysio-
logical properties unique to certain disease processes."” Nano-

DDS can be composed of a variety of materials and structures,
including lipids to form micelles or liposomes,*® polymers,””
dendrimers,” carbon nanotubes, and metallic nanoparticles
such as crystalline iron oxide and gold nanoparticles(Figure
1).2 Here we describe selected examples of nano-scale materi-
als tested as nano-DDS. Micelles are formed from lipids and
other amphiphilic artificial molecules such as polymers.'” Mi-
celles self-assemble in aqueous solution and may incorporate
hydrophobic therapeutic agents to overcome solubility prob-
lems. The size (usually 10-100 nm in diameter) and the en-
closed space are more confined to those of liposomes (Figure
1A). Liposomes mainly consist of phospholipids that form bi-
layers with an aqueous phase inside, and are heterogeneous in
size, often ranging from a few hundreds to thousands of na-
nometers in diameter. Liposomes are the most extensively test-
ed nano-DDS in basic and clinical medicine with United States
Food and Drug Administration (FDA) approval. Chemicals,
nucleotides, and also crystalline metals are incorporated in li-
posomes (Figure 1B).>® Currently, two polymers, polylactide
(PLA) and poly(lactide-co-glycolide) (PLGA), are used for the
synthesis of FDA-approved polymeric biodegradable nano-
DDS.” PLGA polymers may incorporate hydrophilic and hy-
drophobic therapeutic agents including chemicals and nucle-
otides by emulsion solvent diffusion methods, and are being
tested for intractable diseases including cardiovascular disease
(Figure 1C).""* Dendrimers are highly branched macromole-
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