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Figure 4. Perspective of nano-DDS-mediated treatment for acute coro-
nary syndrome. Nano-DDS-mediated treatment for cardiovascular disease
comprises 1) timely intravenous injection of nano-DDS, 2) nano-DDS-de-
pendent drug delivery to circulating monocytes, atherosclerotic arterial
wall and macrophages, and ischemic myocardium, and 3) therapeutic
goals including atherosclerotic plaque stabilization, reduced myocardial
infarct size, and improvement of patient prognosis.

loaded PLGA nanoparticles in macrophages and neutrophils in
the IR heart (Figure 3B). Nano-DDS-dependent delivery to in-
flammatory cells and ischemic myocardium is a desirable
property for the treatment of myocardial IR injury. PLGA nan-
oparticles and other nano-DDS including liposomes will be
tested in clinical trials in the future to test whether they will
enhance therapeutic efficacy through targeting specific mecha-
nisms of myocardial IR injury.

Summary and Clinical Perspective

In this review, we summarized the properties of selected
nano-DDSs and their preclinical studies in animal models of
cardiovascular diseases, namely atherosclerosis and myocar-
dial infarction. Current applications of nano-DDS for cardio-
vascular disease utilize mainly 2 major mechanisms of drug
delivery, enhanced vascular permeability and incorporation by
MPS, which underpins enhanced drug delivery for circulating
monocytes, atherosclerotic arterial wall and macrophages, and
ischemic myocardium. These properties of nano-DDS may be
applicable for the treatment of acute coronary syndrome (coro-
nary plaque destabilization and acute myocardial infarction)
(Figure 4).

Although preclinical studies have reported nano-DDS
have therapeutic effects on atherosclerotic plaque stabilization
and myocardial IR injury, there is a wide variety of opportuni-
ties to combine nano-DDSs and various therapeutic agents, in-
cluding chemicals, nucleotides, peptides, and others, which
may expand the potential of current pharmacotherapy for sev-
eral cardiovascular diseases. Possible application of nano-DDS
in other cardiovascular diseases may include pulmonary hyper-
tension,>'” vein graft disease,” and therapeutic neovasculari-
zation for clinical limb ischemia *'®* and coronary stents.'*"”
We have started a phase I/Ila investigator initiated clinical trial
in Kyushu University Hospital to test the efficacy of PLGA na-
noparticle-mediated delivery of pitavastatin in patients with
critical limb ischemia (UMIN000008011). Future clinical tri-
als conducted in the next decade may prove the safety and effi-
cacy of nano-DDS for cardiovascular diseases.
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(DDS) % &g & L -BREIL MR z2 1204 5 & HERS DDS # 5 — 7 V] (Pulse Wave Infusion
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AT =TI X BEFIRETNA R L LT, MREHR ANV = BEETVER T EROE Y N2 S
A

Pulse wave shock infusion catheter

occlusion balloon drug solution

6 | 0<0.05
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FE AT kT (Pitava-NP) 12X % DDS & kit
DDS # 7 — 7 )& @il & 7 A R R T
INAAZER L1207 HRBIRICNSV— 07 —F
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BT TV WS L, Nb— U GE 40
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(modified restenosis injury index: 3.64 = 0.27 vs
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1. EEOBN - FRXAHZX LA

REWIIY L2 2F VHAPLGAT VKT
(¥ #/,3NP) #Al, NERBIESEOHEEE
(AMI : Acute Myocardial Infarction) T

AMIZBEOEGTHREEIL TREEELD
JEEER Ty, MR TEET700 H AR AML 2 &irdE
FIREETIHE L, NEFEROE—M T, &E,
EEL LD LI K > TREHOE G THRITH
FBLZ LS, AMIBEORMECRIIEKARL
LTEWEETT.

AMIDRBEEL PHRAERTFRIBEEY A X

ThBIern, W—OREERIIFHEERRE

BTk BHEES A XOM/NTY. —F, HERRE
HiZ & % MREITE Z 0 & O AR B DA
AR L, BEREREOBEER/IDR WD
Xu3 (BEREE ZLHohTHwEd. &
WEBR T, BERGEICX > THERBREOME
ERANDRP0BTEEF v VL ERET.
DRBHEDOFRE (unmet needs) %P L, AMIFE
BOEFOBLEGTREEET SI101E, BHER
BEICT 2 EFRIBERIEOM R & FRLIER
DHFETT (Fig. 1).

-
—

BAWGT /VEROBBLEMALEHIEL TE
U7z, B 24 (2012) 48 A » 6 18 M EERE 1A%
BEENZE L LEGRARREI K22 55
YEAPLGA T /KT (¥ 4/3NP) A0 EEAf
FERBAEREL T ET. ZOMEREROERE
IZBWT, T/ RO R I — FEERER
MICBERICERZEINB L ERRLELZ.
D JE I — FEVEFRIRALEIRR 7 7 DDS (Drug Deliv-
ery System) % ¥WHHA L TH L WD AREEDIRE,
EMBEREEOBBICLLIEELZLE
(Fig. 2). 7 v M OEEI—FERE 7MW
T, ¥4 NP OHERREFRAREIZE > THF
FEY A ZR50%MANTHZLEHELMIILEL

-
—

7z UNEHIT DR & FERR) .

2. JEEEFRPOC OELE

FEEE R POC (Proof of Concept) EXE D 728,
=7 #5860 3 KR It — FHERR T 7L & R
LE L7 (Fig 3). B —-REETLORET
DB —BERET S &, MTERIEEL»
DEFEUEABIROREMENKE LIREET IV
PEEITEE Y. oV P u—- L TIEEEY A X
BRT0% TLR. —F, CAINZXF V%4, 8,

* MAREERAEERE (BH).
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1. EMNERBLAEEBEEORRK

B e RAERERE S T EE T T, REE
MIE RN 4 F VEAPLGA T / K TF8HFIT
. NPRBUIEERIMA Y. BEEMAIET
REIIRDEAZEIZ &k > TET S ERELBIMMEET
T, EEOBENELIBEINSZTTEL, &
WPRLBVVERTT. SRR M7 B
EEBLTS, ROAPKREUVERFPEEL LWE
EF TR TROUIM P OAFEE LR 2 £ DRHF
SEOHENEL, TOMR, PHRIZISICES L
5 Ao THET. BERERMEEICER
 AARRREBEREAR I A TN AV DREIRT
7.

Z DRFPR & U ORBRINILE FAERES TSR L
L7 (Fig 1). IMEFERTF M E BT I
545 2 &2 &k o TRBMESSICH UolE % #iE
SEEMEZHRBEIHIBREBETYT. LarL,
20004 DUREAT H I 7368 1Y L 37 R BB D BR IR
RETIEYPUYERIR IR TOERA. VIR
RBboTR, TR+ aL7D, —BRERE

UCTERL TOEWDOBRBIRTY.
2. B

B=bi, MEFHFEDO T2 BV TIEAN
il r EEMle, REEBESHMETHZ Ly
5, MEFHEMCERT%F 2 DDS (Drug Delivery
System) 1= & 0 & AR HIRLICBIRAYICRZ S &
52 LT, X0RROTEMEROAD B ERI0L
BHREREEERNES O TR EWPLEEZEZL
7= (Fig. 2).
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ANAZF v eE5ETBHE, BEHRICIBNT
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Fig. 1 (ﬁ‘?‘ﬁﬁgﬁﬁgﬁfﬂiﬁ&

Injection of angiogenic "Rescue of ischemic limb by

Vg?OWth factors siich as VEGE | - enhancing angiogenesis and =
_ recovering blood flow supply.
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F v APLGA 7 / KT A DBERE GMP 21L&
5T LE L7 (Fig. 3). RRBRRIIMGAETHY,
BRI D K Y v —TH B PLGAZ LTV
F7.

4. BROEHRKR

MR RN BRI R X h, WEBREEERML,
epERERM IR % 2 R 8F D5 HES
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