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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
(»=10), FITC-NP-eluting stent (=12), pitavastatin-NP-eluting stent (z=12) stent,
and sirolimus-eluting stent (z=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®?" 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-eluting 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 2.83x0.11 2.83%0.11 2.08%0.43 NS
Injury score 1.31+0.03 1.39%0.07 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 1o 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, 2 numeric value from 0 (no
injury) to 3 (most injury) was assigned: O=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 A
(n=5) (n=6) (n=6) e
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 0.92+0.13 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 2<0.05
Endothelization score 2.00=0.0 1.80%0.27 1.98+0.03 NS

Data arc 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 much lower than the cumulative systemic dose used in
that local mechanisms are involved in the mechanism a prior study (40%35 days=1350 mg/body)'?. We
of the therapeutic effects of pitavastatin-NP eluting measured the local tissue concentrations of pitavas-
stents, because intracoronary administration of tatin with HPLC and found them to be under the
pitavastatin-NP at 300 pg (an equivalent dose to that limit of detection immediately after the deployment
coated on pitavastatin-NP-eluting stent) showed no of the pitavastatin-NP-eluting stent; therefore, the
effects. A prior study reported that oral administration local concentration of pitavastatin after deployment of
of pitavastatin at 40 mg/body per day for five weeks the pitavastatin-NP-eluting stent is unclear, but is less
inhibited in-stent stenosis in a porcine coronary artery than the limit of detection (2.5 ng/g protein or 1 ng/
model'?. The estimated dose of pitavastatin loaded on mL).

our NP-cluting stent was 20+4 pg/stent, which is 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 (z=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 ez al® 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



44 Tsukie et al.

arteries 77 vivo. The opposing effects of pitavastatin-
NP-eluting stents and sirolimus-eluting stents might
be explained by our iz 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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EBIZ 7y EEIRICE S~ - — & LTFITC #
HALZPLGAF /HFI—TF A VT ATV M %
BEL. 8HBICHBRLEBANT 2 RTOEZS
L UORHEE RN 1T o 720 BEGHME CHET
BHEAT Y MAMTy MEABIZERWEIEHRED b
72i3H, REET. PRI F 2 RTFICERT 548
KO SN (H2)e TNHDI ML, ATV
NREWCI—T 4 Y7Lz 7 RTIEAT Y b ER
PHIRAISEH S NMEREIZEE. S 5 ITIETMHEN
WA LT JRTF 9o 0EFOERE V) ZED
BHEREE (5 7V DDS) 2 F T 5 I EDRBEN

L 4)
- 0

A Bare metal stent FITC-NP-eluting stent

B neointima

C

D , Neointima area A IEL area
mm mm
3 NS 5 ™ NS
T 4 s
2 3
1 2
1 0
. 0 .
BMS NP-eluting BMS NP-eluting
stent stent

tal stent

NP-eIuting stent

neointima

media

adventitia

M2 #/HFA-—71>7ZX72 bOBENREAEAR CBHEIAAEEA DDS H#EE
AFITCHAF /HTFHEHAT Y FMEE B HREOWEE~OT /HTFORELEF 2R L. YA ZEEL. IEOBFE*HETsLAF v b

A LTy b ) BBEICROEEFTRD b,

B MEBHH AL TRET L&A b7y MEBZT T2 L HERBERE, ARET B L UHERRICBYTY FITC ¥ 7/ VW BIgR S, 27—

SN — 1 B5HE R (EB) 100 um. 5&FEE (TB)200um 2R T .

CRTAINVAT Y M HBWIEFITCHAF /MFERAT >~ MEE 28 Hih. WEMBG, LRI VIEIA, Pk, BIEAE.

D: #rAENEEHE, [ELHEE b, ZHETERBEO LR » o7,

JACC: Cardiovascular Intervention 2009 & W eZE L TSI,
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8 — 1D DES IZI& FiE Ml e g s Hp e A =
HTHREIEF Y T L ZHE T AR
¥ ELUBHVLNTWSE, TR DEHIZITA
7 v MEEBROER R IEEOMEWER 2 B T
%R, NEMOBARIE., BHHRO N AT
MO ALEE], HREFORBTTEIER § 52
FEMEMBIE L VO EWER A BT A2 EDHL RIS
holie FIT, FAlX, METIEHEEIFIVER
#HE L, o, WEEAZRETZMEICELVWE
K& BRI L. in vitro TOAZ ) —= v 7%
1Tvy, 7/ DDS X7 v MIEET A EEEL B
L7

HMG-CoA BITHEREHER (X5 ) 1d, Mz
LATO—)VOEKTEE L THFHICHLRLTWY
LEHTH D, AFFUIE, TOIVATH—)
RTVER ST L WIE R E/ER  (pleiotropic
effects) O EDNLLFAOLNT VS, £D 1D
IR IEEIRIER S ) . ERIZA Y F
DEHESIZL o T, BRELOFEETH, vo
fo A U 7 BIREEAL 0 BMEVERY . AT~ b AsRsE
POEIVE R SRR IR o I8 P R R BRI o B A
SEMEOBNEIEE, 2 E0ERARSCEY
EBRTHELHE SN TV D, A ¥ F ¥HPIK
(phosphatidylinositol 3-kinase) -Akt #EE% /- L C
eNOS #{EMHEALE L &, AV TV A FERZ
BHETAZLICLD, RO FEGIPHEERED
EHEEHHE L. eNOSEHEZHEMS LI LY
OVERBE SN TWE, A9 T VEHEDOHR
WL, RTAF VATV N OFREZIIHIE N &
HAHIEENDIEFMONTVAYY, KH., &
S5 EIER OGS SN S, JDEE - FR
BN ENRTEALRE 2B 9 2 BEIR~RATRY I 2% 5% -
2 EREE R0, A F /T a Y%
HipL LB RETAER (57 DDS) 0% T
o720

HETREN TV 6TBEDOAYF . T bbb,
I NATTF v, TIVNAZF Y TQANAYF
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T RVNATFY, LV UNAIFBLIOT TN
¥ F » @ HMG-CoA BTLBEZHEIFRIZOVWT T v
MFI 7oy —2@ESEHAVWTHRE LA, 3710
V—25% %7 01mg 2 0.1 ~ 1000nM DY B X
O 0.1mM @ [3-MCIHMG-CoA =ML, 30 412,
R L7z ANT VR ANT ) T b B,
EREoso< NS T74-2EhANa 57 N oE
SHEL, BETEMEEEE L2,

EHNAYFY, TINAYF Y TANAYF
V, TIWVWRAITF Y, VUNRAYFUBLUTS
INAHF ik HMG-CoA BB R IHE & IR KT
BOWHIH L, FHERR O IC, [EIZ 22711 1.88, 1.89,
309, 346, 512 B LU 408nM TH o7z, EFINA
FF L, VYNRNAFFY, TINAYFY, Tk
WNAZF o BLIRANAYF L BT, b
717 HMG-CoA BEBEREERZRLZY (P <
001) (F&1)o

HMG-CoA BITEESE |oco S

e
ESNnNxaF 1.88 1.79 - 1.98
TV G F 1.89 1.73-2.07
OXNRaF> 3.09 2.73 - 3.50
T NIVINZZF 3.46 ™ 3.20 - 3.74
SN2 aF 512 * 4.79 - 547
TINREF 40.8 ™ 36.8 - 45.3

*P<O0l MESNAYF Y AERTI VAT 4 v 7 BRSBTS
Wald #5E)

F1 BEXHF >0 HMG-CoA ETBREEER
(BREEZ BT B n=3 DFHEERL A, ERERN L Y IC, % H i)

wiC, B MEEIRHREE ML E 96 sTkE
#7L— M2l x 10 O%EMEL, 10ng/mL
Dt FPDGF & L <1 10% FBS 2dimL T, Mg
WIEAHE L 720 EINAT TV, TIWNAT TV,
OQANATF v, TIPIWVNATF, S VNAYF
VBIPTINRYFyREML, 5-T7uE-2-7
FTHXFITVIOMY AR ERELTZ. BANRS
F v, TINRYF L, BEL N EEIRTE G
FIDEIEE G L e dr otz EINAITF UL, 7
WINZAEZF v, T IVNAYFUVBITYVINAS
F v L0 AEENICEEEY MEBIIRTE fHAL O HEE
AU L7 (P < 000D (3R 2),



ICy 1E 4 95% Wald 1 ETHNRLZFET LI EFHL M
(movL) | PP | g | P R
EXNIZF > 193 1 ; ) %2727 (B0 3)0
TWINAE T 836 0230 | %1% | <0001 DEoiERE, €925 FUHA
' A ayial a5 %
7 RLRZEFL | 2512 o077 | 393% | <0001 b %W&ftﬁ(’%{k LcEn
- 0.003. TWAI L %ERY in vitro DFEFETH 5o
SLNREF ;%1 ;:@ gﬁ“ ;;w1 V5S35 F 28 I PLGA F / HF
OANXRF> HHAR] | BEHAE A | EHAE IR e o
T5RAsFe | BEre | Bhae | g | Beoes | CPISEESNLER ST D EAR

IERZRTIEEDOE ¥ NA Y F L

VIE s NAyF o A EBT VAT 4 v 7 BRSHICBIT 5 Wald #5E)
#®2 BEIZ2FLOEEE FBHREEHREBENSER

(BREIIBIT 5 n=6 DFHRERLHY, EREFRL D IC, BEHl)

EHIT, A F TR ERRE U I A R
REZx L CIEFrEREER %, SIRE CImEH
AREERBLOT R = A REEH T FEET 2
TEPHLNT WA, E¥NRYF VE APLGA
FORTHEHCCTHARNA Y 57 VEEPBEIL LR
L, MEFEWSERB L7 R b— 2 MEEIEH
WHEESNNTEWER OB ENET 5, 22T, &
MEEMENZMBOMERET v 24 REHW
T, E¥NA¥F U EHAPLGA &/ RFOHMELE
EHNWAFZF o B LIz, FOE, Yy 2y
F vE APLGA + /KT, ¥FNAFF V720F
TIXMEFEREERIE U v 10nM &) g

PR R DDS) Shb Z &2k -

TIMEFEMERIEES R DL E

Zbilb,
DEDERNSG, T/ RFBEHAT Y N &
LT, B DHEEYNZYF v e ERHILEY
ELTERL

W2 Cyphers N7 AZ VATV FBLUAYF
YHAF RFEERAT b T Y EREIRICERE
L. 28 HERIZEIERIZTEVRES R 72 8- % 17 - 72,
ZORR. ATV FNEREOIHIRIRIIA S 5~
FJRFEE AT b & Cypher FREETH - 72

EEANAZF DI
Ea/NAAF NP
mEE
/HPF(mm) NS NS P<0.01
5000 -
4000
3000 -
2000 | |
1000
0 m
x
N R -
&8 SR vaszFUBEOM)
< QQ?QO
< *p<0.05,**p<0.01 vs FBS

3 EENR&F o/ HFEEONENEMEEEEERR (iEA DDS #R)
ENFEAMBE(HUVEC) 2 B8 L. 7 /T UOFEC L > THREBIEE B/ aFa—T T4+ — A=Y a7yl o
Tro FTIRFALLIZE FINAY F T JHFALL TR WYY NZ Y F 2 &) A FEICMEEDMENED S,
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Dk L. Cypher TRa® b L2 KA, BHEILD
BIEB IV 74 7Y Y OLE L Vo 2ERZEIEH
B AEFrF I RFERAT Y P TEROL N
o2 (H4), 4. BRI TOEDNE, otk
DFF, W OENERELR DL VLT -5 %
BT HLEND B,

— 73 EPIRTEALIESRZE 1212 DES O EEIS & %

v, IhEERE FIE. OFAK. 5
etc) bE v, TDLH) HEEREDIHEREIL. DES
HEUTHRTON T — T VIEROWB TIIREETH
bo ZOMEDERDIzDIZIE, F41d DES &

BMS Cypher

i

Pitavastatin-NP stent
DRI lumen

i adventitia

PRI - EE

P<0.01
T
3, _P<0.01
—
21 NS
1 4
0

S r
BN\ cy p‘(\e 5{3’&‘\“‘“9

HFEADT
AGFNPEL
P<0.01  P<0.01
24
1 -
oll L Ei
1
BMS . jpne Latn NP

T4 7)) A7 .
A& FNPERL

P<0.01 P<0.01
3 |

S ¢
oyPM® aun NP

AEBEADT .
A& F>NPEfz

P<0.01 P<0.01

H4 ZaF AT/ RFBRHIXT bOBEME ERSM
NTAINWAT Y by AFFUHANF/RFAT Y b BLU Cypher 7 77 BEMRICEE L. 28 HIRICBI 5 WEEN 27 % 17 - 720 Cypher 28T
WERENORE. 714 7)) YikEB L UCBAKRICOZRIEN D Sd, FNOEERIEAY F Uy EHA T/ RTFBERAT Y s TEBD LML o7z, R
P RICBNTWE AT F o F R TFBHAT ¥ b & Cypher TRIBETH o720 JAT 2012 in press £ N &ZZE L THIH,
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Bpba 2T ORIy 7 FYUNY) =V AF A BEFNA ZEBENV— VR AR DI [RIE

(DDS) #x FE:fx b U -BhRIEIL S22 200§ 5 M e 5 DDS &7 — 7 )V ] (Pulse Wave Infusion
NEBEOZHENNLEEZEZ 17, 2T 34T, Catheter) (K15)" %#B3E L7z, 62, 74 EH
AT =T VI EBEREET/NA AL LT, PRER RSV —rviEEETFVERWTEROEY 7 N2 %

Pulse wave shock infusion catheter

occlusion balloon drug solution

C Restenosis Injury Index

6 | p<0.05

FITC-NP Pitava-NP

5 POREZHES DDS #F—FILERVENERNER
A RIRERS DDS 7 7 — 7 IVOERE, TEIREM S % occlusion balloon % AV TIWHE % EHT L. pulse OMEAIIERIC L Y MEEECF /2T % %58
THIEDNTEETH S,
B: LCX (EEER) 1212 FITCNP(FITC # A PLGA 7/ 4 F) %, LAD (ERMTRE)IZE Y /825 F U #APLCGA /T 215 L, 4 BMZICEE
17072 LCXACIZ FITC ¥ 7+ uassk { R H/z,
C: 4 #1412 Restenosis Injury Index #&Ffili L72& 2 A ¥ VA ¥ F v A PLGA 7 / 7 5 (Pitava-NP) CTHEIIHIZIEDI RO bz,
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FrEAF /T (Pitava-NP) 12X 5 DDS & kit
DDS# 7 — 7 VE A S BN EGINEET
INAAZRZBER LIz 7TYRERINV—-VHT—TF
WAZ &) @IERIBEE % N2 (balloon to artery ratio
= 12), FEAIZ FITC % 1.3mg H 2V iZEF /N2
5 F % 40mg &4 /KT w2 IRIRE B S DDS
T =T NVERBWTESE L, NVv—V1BEE4HE
MZOFFM Tk, FITCO®HEY 7+ v % FITC-
NP #&51M%E, LY bif, VSMCs £ L HE
PIZEED 72, & 512, Pitava-NP IGEE Tl FITC-
NP # & e, BEISHENBER RS S 7z
(modified restenosis injury index: 3.64 = 0.27 vs
449 £ 0.23, p<0.05),
PDEofEEMS, 2 DDS & 45 — 5 )V DDS
RHAEDE AR EE AT LB ES N
2FF U OMERNEZIZLY, 7 BRIV —
GERDOFTENFEZRSHHE SN D & ZHL I
L7co COFPRERBFEIATLIZLY, EHD
BEAZ KB SE A EHTREE 2 0 . EHAHM
AT bR Lz, BEREHHIO 20 D727
MENF /EEE LTHRFTE %,

ik
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E—WADES OBFEZEZFHEL2IZ% ). HiH#
DES IZIX B2 Tld % < 20REE&Ws 44
REN TV RITWITEFRRNDOSHIZATRETH 5,
FDA 7% [Guidance for Industry-Coronary Drug-

Eluting stents- Nonclinical and Clinical Studies] &
V9 DES DRFEIZ BT B FEM b D mAE 72 BT ER IR 3
BB L UHRRAB BT 204 K74~ (http//
www.fda.gov/cdrh/ode/guidance/6255html) 7»%4E
Z&N., F72, Drs. Schwartz RS, Virmani R 5
7 5 1& Circulation: Cardiovasc Intervent §5 (2
[Drug-Eluting Stents in Preclinical Studies-Updated
Consensus Recommendations for Preclinical
Evaluation]” A& S lz, SRLEDHA S 4 >
Recommendations (&5 —HA D DES O & & % i
NBELRWT2O, BN—FVeRIFTBY, e
BHELTWEF DDS AT~ M R ERKRMEGHE L
THOIIE T )T LT Ttk bz Wikd
%\, ENTOREZED TO IZIFEFEEE
HRHEIDSLETH ). S 512, AREE (EEMER
HERAIRE) L ORIID S OREREIAT R LE
T b,

lesions by pravastatin and by antimonocyte chemoattractant
protein-1 therapy in nonhuman primates. Arterioscler
Thromb Vasc Biol. 2004;24:1522-1528

6) Walter DH, Rittig K, Bahlmann FH, Kirchmair R, Silver
M, Murayama T, Nishimura H, Losordo DW, Asahara T,
Isner JM. Statin therapy accelerates reendothelialization: A
novel effect involving mobilization and incorporation of bone
marrow-derived endothelial progenitor cells. Circulation.
2002;105:3017-3024

7) Walter DH, Schachinger V, Elsner M, Mach S, Auch-
Schwelk W, Zeiher AM. Effect of statin therapy on
restenosis after coronary stent implantation. The American
journal of cardiology. 2000;85:962-968

8) Tsukie N, Nakano K, Matoba T, Masuda S, Iwata E,
Miyagawa M, Zhao G, Meng W, Kishimoto J, Sunagawa X,
Egashira K. Pitavastatin-incorporated nanoparticle-eluting
stents attenuate in-stent stenosis without delayed endothelial
healing effects in a porcine coronary artery model. Journal
of Atherosclerosis and Thrombosis 2012 in press.

9) Schwartz RS, Edelman E, Virmani R, Carter A, Granada
JF, Kaluza GL, Chronos NA, Robinson KA, Waksman R,
Weinberger ], Wilson GJ, Wilensky RL. Drug-eluting stents
in preclinical studies: updated consensus recommendations
for preclinical evaluation. Circ Cardiovasc Interv. 2008 Oct;1
(2):143-53.



240

AR

RO ERERF

4. FhiRas

8) 7 /DDSAF Y bW\t
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F—J—R
pleiotropic effects,
BEd—T71 > JHI

[F O8I

BAE, BETHWSRTW A E—IAERABAT Vb

(DES) yu ) ARBEEAF >~ b (Cypher) BLU/Y
V& ELVERAT YN (Taxus) DAT ¥ MEBEBOE
B EARZE IR RO RE, BIVER (BREELERE, &
BiER L) BHEIETHEHS NI ol FORFEIC
it E& L THEMIEOBERIE (antihealing effects) 2%
o T»5, DESERZOESMEIMREDEEIIE %
WS, Wo s ARETIISIEE A Y ORI ENTEERE
(B OHEEE, LB IIELZ L 0BRNE
FBIIRE V. T2, JUVMEERSZ VO THlREL 2
CTRWITRGPIZOWTIERIPE TR, 2D
Lk, DESHERZOBREEMSEITIRISES ¥ ¥ —0 Y
aVICEDABREZTOMETIEIRL, 208F0D
BEHLT L0 OTERCEEONBFME2HELTS
PWRELZ EELOBERNIT P METHLIILEE
e b, Lz25oC, TORIIDESHERBOBREDBEIC
EhLLHMDERAY v 7IZHSELETHH ),

FERBHZ 7> b, BRMEMSE, F/F70/89—,
PLGA (KUSLE - 72— WEREAEEHR),

AEF 2,
=N FHMS&IRE,

72, WA DES, Endeavor (Medtronic#t),
XIENCE V (Abbot#t), Nobori (Terumott) 128\ T
b Cypher & F#EDlimus A (£ Nzotarolimus, T
AN AR, biolimus A9) PMEHINTWEI En
&, DESEF#% O N0 BRI & BRI
Wt AMBE L 2 RN D ), FIVMEEDELHRN
Bz Lz TLwnhl ) h, FmidiiTtwniv,

ARTIE, DUONOBIET V— THRREEICDZ)E
BLCE-EEMES, BREL - A7 FNERE
BAERTORAPODESEHERT A2~ T U TN, Tib
LEF, RU~— IO LCHE - %EL, BE T4
EIRET NV COFLMEDEIE (proof of concept) 7%
SN T/ DDSA 7 >~ b B & UF O ERSHIZI
V2B A E BT B

I. A7V MOER|IF+ U7 :DDSHgER
B9 2EMRINET / WFORFE

FE—ERODESIZHVLONTWAE R v —1d, wTih
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A Light microscopy Fluorescence microscopy
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A. EFEBEMED L CECEREMBEICL AFITCHAST VRTAT Y b B(H—IIF /7 RTFPAT Y PEREI

T—F 4 Y TENTWEDPEEENS

B. EHEREFEHER. 7/ NTFPEOREZREI—T 1 27 TN T Wz, scale bar = 1 pm

C. invitroTOF J R F 5 DOFITCH / fiF 0 RFEE B H R
D. inviro CORAT ¥ NERED L OF / FF O RFEH B

b AERIERINETH 5 720 MEBEICAAIRTET b0 K
VR —DERFIZT 4 7)Y OE, TUVEF-IUS, &K
EDER - BYELE SIEBREIA 7 &~ b NI SE D FEAE
ICESTHEEZLNTVWS, UEoZ thn, L0%)
R cHeoBmEE#EEY (biocompatibility) D&
LFx VT M) AOBRBPLEATH Y, FEEFL
DEFE o TWABDPBIRTH 5, bivb L E|Z3EH
PRETALZTOF YT N 7 AREE LTTRR
<, drug delivery system (DDS) #gE% iz o~
b 7 ADME RIT, EETIUE - AREASEICER
CEATFTHLIFRVAR - ) a - VEBREESHK
(co-poly-lactic acid/glycolic acid PLGA) [EH45FEk
EETE] X F 2 RTF (A TRV kTR
&I, RIBEMER - BBREE - NTF FE AR 2 5
Bl AT /RFOBEE LT, (70l F&Ex
B L Bl DRENE - #HEI P EVE, T
PLCADGFERZEALERDL T LIZL Y EHENTOEY
< —ONKSRBEEEEZ, FRIHENHE L 723H %2
EOBHGREDHIMATRETH L Hk ENEIT O NS,
¥ 72, PLGAIXAEMRWIVEREEROMEE L T30EL -
FRRCHASN TS Z LR, PLGAYA 7 O -FIZ &

(79 TEZR)

2 a—=7) Yy (BRY 2— 70l v EEREEES
) OEBLZEDPLSEFEATORERITE NI LAUR
ShTwas,

1. > /HFORFY MO
EEI—F 1 &9 7)UDDSKEE

W2, ZOF /fFe ATy MREWCI—FT 4 7F
LEMBAFE T ol T/ HFERAL X M2 TIEHT
LT ELY P RNFEEBENE SFAIIF Yy —TVE
¥, EBRAVIOFEBESHALALEEI—T 1 v 7HEM
2HSEL, A7V FREKFITCHAF HFra—7T
4V T LT, FORE, BLH T/ RMTEAT
EHEICI—F 4 V7 THIEHNTEL (HGA, B), &
512, BEEBEAZELI®LIEIIZLY, AFY IO
T/ RTOREBRE T REBICHIETETH S Z L2 Bl
L7ze AT ¥ M2¥LiR%E, ERMETFHEMECEHRELL
EZAH, TIRFIEEOREERFELLEFIAT VMK
HiZa—F4 7 E3NTwi, FITCHAF /R F» b
DOFITCH & BEMEAE P CRET LA L 25, 24FH B
WIZB & Z240% DFITCOS WA/ N — A b CTlg s h, #
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A Bare metal stent

FITC-NP-eluting stent

BMS NP-eluting
stent

BMS NP-eluting
stent

D, VBN EICOIZDEREINEZ EHL IR
7= (R@C)s RWT, FITCH /HTEHAT ¥ MEE
PODF I RFOREE, FERICEURE S CRE L7
ECAREIBRICHIEAN— R NDET B, FDH, 56HLL
EiZhz D EHENAZ EVHL IR o7 (K@D),
EEIZT ¥ BEIRICEEY—H — & LTFITC)RH A
L7zPLGAF /RFa—T4 Y7 AT M2EEL, 28
HIZEIR LAEBA T /T OES B L OTREEN 2
WEITo/, EHEMBECHETALAT VY MAMNT Y
M EBEIZBWEES RS S Lz3 A, AREET - i
b RTFICRET 2EEFEO LN (H®). Th
LT EMPL, ATV MEEIA—T 4 7 LIzt /K
FIRAT v FERE» SH 4 B SNSRI %E, &
SITEHEBRICEZ LT /JTF20 0FH OB E »
) ZEOFEMMERE (57 VDDS) 2E TSI EASRE
anr?,

M. 7/DDSAFY MMIHEHTS
IREEEBERIELTDRIFY

£ ODESIZIX R ABENFER 26§ 5

C

neointima

media

adventitia

FITCH AT /RFEHAT v MEERHBOMERE~D
FIORFOXELFET LR L. BETIFZERL,
MEOHWEE2BEETHEAF Y PAMNT Y b (%) B
FIZBR VBB ST, MEMME 2R L (BE
THEANTy VEBZT TR L, FENERS WK
ETBLUREEEICBNTOFITCY 7 F VBB I
7oo A —N— 35585 (A) 100um, FIEE (B)
200 um%RY

(75 €7 ESE)

GIEIIEIF S 0 ) A XD BVITHDARI Y ) F v
BHWONT WS, ZNHDEANE, A7V MV EER
DBE 2 FEHIEEOFRHER # &/ 5 5 KE, WNEME
DEERIE, BREHRO N RIS LIH, A%k
RFOFEBHTTE IR T 2 BHEMEMEE & v ) BIVER %
ETHIENALPICE ol FXThhbiL, MmE
FERHEENEERE A L, pOoNEEEHRET A1
FIELVWERE 7/ 8AMLL, in vioTOAT ) —=
YT RITV, F JDDSATF v MIEET b IGEE L R
L7

HMG-CoABTTEZRHER (X¥F ) &, mEaL
A7O—VORKTEL L TERHICHV STV S EFH]
Thhb, AF¥FVIE ZOaLAFO—VETERICIE
R L2 WIS R#EIER (pleiotropic effects) 2322
EDVHECHENT WS, 01D MIEFIEFHEEIIH
VERDPHY, EBICRAYF L OLEEHRSI L - TERE
EDREIF, Vo2 AL UBIRE{L 0 BiE1ERY,
AT v b ASRZREIEWER, EMILF O ME N R
DY, BEMEOBFBNRILRE R EFBRARLE
MEBTHEZIRESN TS, A% F VIPI3K
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KO BEZX4FDOHMG-CoARTEIRHEIER

EHINAGF v 188 1.79~1.98

TWINAG T 1.89 1.73~207
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TINVINRY T 346 ™ 3.20~374
DUNAGF 512* 4.79~547
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DRZAVS & g 3951 ' 0.049 0.023~0.104 <0.001
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MWL, eNOSHEBEXEMEEH I &R EOIERER
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VATV N OBREIHHINEZ EBHMONT NS
PP, KH, @F%SICLHEEREEENS, L)
Ze - RO CEIRERE 2 B § 5 BER~NBHTHIC
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