40

Tsukie et al.

fa

\

Pitavastati

%
I}‘\_\
\ NP /|

Neointimal area (mm?2)

Area stenosis (%)

P<0.05
Y P<0,01 ¥ P<0.01
3. " Ns T' 80, p—P=0:05 '
T ™Ns
1 | — |
40 . 1
1 T~
: 20 =
0 © 3 L & 0
Q* c,* \a 9¢ 0*% °$ *Q 5@%

o°

Fig.5. Histopathological analysis of in-s
after stent implantation.

&

tent neointima formation four weeks

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
(2=10), FITC-NP-eluting stent (z=12), pitavastatin-NP-eluting stent (7=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 n 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?® *?; 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 2.83%0.11 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=021"  »<0.0001

Data are the mean =SEM. *p< 0.05, **p< 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, 2 numeric value from 0 (no
injury) to 3 (most injury) was assigned: O0=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) (2=6) (n=6) prvatue
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 are the mean * SEM. *»<0.05 versus control bare metal stent by Kruskal-Wiallis test followed with non-parametric Duan’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 (7 =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*©.
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 2.9 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 iz 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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HIZa—F4 Y7 &NTWwWize FITCHAFT VHF»5
OFITCHRH % MR R TRET L2 & 2 A, 24F:F L
FICB L F40% OFITCHOHEI/N— R b Tl sh, %
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M@ F/HFIA-T12T AT rOEN-MEAEAZECE A DDSHEEE craes k®)

A Bare metal stent

FITC-NP-eluting stent

neointima

D mm?  Negintima area mm? IEL area
3 M s 5 M Ns !
I 4
2 3
’ :
0

BMS NP-eluting
stent

BMS NP-eluting
stent

D, 30HLLEIZHZDIEREND ZEDBHELMII R o
7z (F@C)o T, FITCH /R FAEHAT Y M ER
PHDF I FFORME, FRRICEEMEE A CRET L7
EZARBICHEAN— A M D ET B, FDH, 56HLL
LiCh7 0 ERENL ZEDHELMIR o7 (R@D),
EBZT Y FEIRICEE~Y— 7 — & LCFITCEH A
L7ZPLGAF /W Fa—F 4 VAT b 2EEL, 28
HEICEIM LA T/ BT OEE B X YRS 72
WaITo 720 EAEMETCHETLLATF Y MAMT Y
MEBEIZBOWEIEDTERO b NzIE, AEET - R
b/ HTICERT ZEEFROON: (@), Zh
LOIZEMPL, ATV MREIWKLI-T A4 T Liz)r /K
FiIAT Y PERED OEAICER S NMERIC®RE &
SIZIAEMBAICER LT R T 5 OFH OB & v
) TEOBEREE (57 VDDS) AT A I EAURE
o (A

M. 7/DDSRFY MEHEHTS
IREEEBERIE LTDRIF Y

E—HRDODESIZ IS R MBS R 2 BT 5

NP-eluting stent

neointima
media

adventitia

FITCH AT /HFEHEAF v FEBEBHBOMEBE~D
FORTFORELEZFREE Lz, B 2/EEL,
MEOHEMEXBETHEAF Y FAFS v b (%) B
FIZBWEEIERD b, MEBHE 2L TBE
TAHEALT Y VEABZTTRL, HERNERK WE
ETBLUPEHBZICBWTHFITCY 7 FPEE SR
72o AT —NoN—IXFFPLE (A) 100um, WHIEE (B)
200 um% R,

(s 7EERE)

FIEHEIFI S T LA 2D BVIZIATARISZ ) F F L)L
BPHOLNTWD, INLOFEHIZIE, X7V NEER
DR 7 R ETEOMEIER 2 F 3 5 R, AEME
DFEAERBE, FRBERONERTRMEROS LIS, Hik
EFORFATTHEIER T 5 ERMMRE & V) BIER %
BITHIEVHORI o7z, 22 Thitbilly, I%
HEREERERAE L, »POoNKEESRET M
BIELVWERHE -/ BAALL, in viboTORT ) —=
V7 RIFW, FDDSAT v MR 5 IGEE R B
L7

HMG-CoABTERMEER (A& F V) I, mMEaL
AT U= VOBETEL L THRRAICHV ST A
Thhr, AvyF L ZoalLAFrao— VETERICIE
BKFE L 2 WILEREIER (pleiotropic effects) % 30
EBRLHSNT WD, £ D102 M8 T 7 1 5l #i
VERRD Y, EBICZAY T OLEHRSIC L - TERE
ALDFEEMFE, oz AL L -ERELDERE/ERY,
ATV P BRZEIIRIVER, SRR L o M8 A R R ERAE R
DY, HBEMEOBFAERE LR EBRKRHERSLE
WMEBTHELZLBE IR TS, 2% F ¥ PI3K



4. FiEaE 8) F/DDSAF Y ML MERAROIRRNDIGA

E

%@ BEXFFCDOHMG-CoARTEEMEEIER
EHINAY T 1.88 1.79~198
TNISREF 1.89 1.73~207
TANAZF 309 ™ 2.73~350
TSRS F > 346 ™ 3.20~374
SUNRGF Y 512 ™ 479~547
TGINATF 408 ** 368~453

BB BT Hn=30FHHEERL Hv, EREFERL VICHEZEH
*% P<O0L F ¥4 NRYF v WEBU VAT 4 v 7 EIRGHICB T 5 Waldiie)

%@ BEIHFLORECNTIIRTE SRS

VHINZYF 193 1 — —
TIWINZEF 836 0.230 0.119~0.446 <0.001
VADIZAY.S & a4 2512 0077 0.039~0.150 <0.001
UINREF 3951 0.049 0.023~0.104 <0.001
OANASF SR FHRTT SRR FHIRTT
FINAEF Y BRI FHIRT SLHIRTT SR

BRI B Ho=6DTFHMEERE HY, ERERRL D ICoETHH
¥ 3 €S NAYF Ly EBUIRT 4 v 7 EFRSICBIT B WaldiE)

(phosphatidylinositol 3-kinase)-AktiEHEx AL T
eNOSZEHIb s 2k, A1 VTV /4 FEKZHEE
THIEIZLY, B TFEGTPHEEY YNV BEOEEE
HHEIL, eNOSEHELEME TS I L EOERAER
PEISENTWE, AFFUVERHEOARIZLD, X7 '
FNVATV POBREZHR NS Z L ON TS
P9, KHE, EFRSGICLIPEHERABEESNS, LD
T - RMCERTECREZ F 5 5 EEIRNBETRIIC
HE - EE - EREELERD, bhvbhidF/ 577/
V—niigl LEHWRIAEE (5 /DDS) O
4T 572

BHETRENTHR6BEORS T, ThbbEsy
INAFF v, TWINAZF v, TANAYF, T MV
WNAZF v, Y UNATFVBITTINRASF O
HMG-CoARTBREEEHIZOWTI Yy MFI 70V

—AESERHCTRE L. 370V ~4% %701
mgl20.1~1000nM D EH B X U70.1mM D [3-“CIHMG-
CoA%ZEMMUL, 303, EL/zA 0 Y E%x N0
o7 b UICERE, BEBI/UT T T4 —ITL )R
Na gy b rEGEL, BETEEEZHE L. €5
AYFFV, TWNAFFV, TANAYF, 7 hIbN
AFFv, VINRAYFUYBITTINARSF X
HMG-CoABBEREG L RERFNICHIE L, FEEME
FADICHEIZF 21188, 189, 309, 346, 512B L T°
08aMTh o720 EINAFF ViE, VY NAFF 2,
TSNAFF Y, TIUNAYFUBLUOANZ Y F
YERBLT, M HMG-CoARTELRMEFER LR
L7z (P<001) (D)o

WIZ, ¥Er MEBIRORTPESHME 26 REET L
— MZIx 10 o L, 10ng/mLOk FPDGF D
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H® E4NRZFF/RFRAOMER K HETER
ESEA (MZADDSZIR)

ESNRREFLDH
E4/3R8F NP

mEE
/ HPF (mm) s NS p<0.01
5000+

4000+
3000+

2000-
1000+
04

ERRRAFUBE (M)
* p<0.05, ** p<0.01 vs FBS

MENEMR (HUVEC) &L, F/HFLoFEIZL-
TAEMBEZ BT 2—T 74— = ary7 vkl %47
STre FIRTFALLIZE S NA S F i3 F I RFLL T

WESNRAYF 2 L) SFEICMERDMENIRD Lz

L<1310% FBSZRIML T, M s5E L 2, €4
INAZF v, TIWNAFTF v, TQANAYF Y, T
NWAZF U, VUNAIFVBLIOTINZAYF V%25
mL, 5-70E2-FFEIIY I ORY) AHFHEE
Lizg HANRE F¥, TINASF VI, HEE ME
BRI OB & 0 L 2 o 720 ¥ H NS F
VI, TIWNAFTF U, T RUNRATFUBIUY N
Ay F LD bEAICEEL MEEIIRFE ML OEE
ZEHI L7z (P<0.001) (#®).

LI, AYF U RICRBECImBENEMEIC
o L CIEFAERERR %, BiRE T mEdENFrE
HBIUTRMNVAREEREEETAZ LGN
Twhb, ¥FN2R5F 8 APLGAT / RF% HwvT,
MR 7 F VRENEEIC LR L, WEHAENEIER
BLUOTR = REEEEPFEILIUL, BIERD
BEDTET S, FIC, b MEEEMENEZMOMmE S
ET7vEARERNT, EF¥NR5F U EHAPLGAT /
HWFOWMEEEINZATF L ERE L, FOEERE, ¢
HNA Y F EAPLGAT JRTHk, EFNAFF 72
IR EH A REERAE U2 v 10nM & v ) RIEE
THEHNERLEZFET L2 ERELMI -7 (H@).

H@® X&F o8t AF/HFBEHAT O IDEMEERSM (XHeLIHD)

BMS

Cypher

Pitavastatin-NP stent

HEIF FE T4TY R RaT
P<0.01 N ‘:_
——— AN
P<0.01 1
| — 1 3

0
S ohel
B cyphe” tinP

0
BYS yphe’  in P

P<0.01 P<0.01
| B —

0
S \d
B ‘-_-'\}phta‘fst t‘\\’\'“

adventitia
KIEXTT REBEXTT:
REFNPESE RAFUNPEBAL
P<0.01 P<0.01
1

0
Bms Cyp’(\e‘sta{‘“-“?

N7 AZNVAT b (BMS), A¥FvHAF/HWTFAT > (statin-NP) 3 & UCypher® 74 BEIIR
ICEEL, 22BRICBIT LREFEMNRFMEIT - /2o Cypherll BWTIRBEDOKE, 74 7 VibE
BLUBHNELOBENED L)y, TNoEERIIA Y F Y HAF / HFERAT Y P THEHEDL
Niadrolze FEIMHRIRIIBOTEIAYF Y F /RTFEBERAT Y b &Cypher CRBETH 72,



4, SRR 8)TAIBZ?yb%mmkm%WﬁﬁmﬁﬁNwm%%

PEokRIE, E¥N\RFF U APLGAT / RTFH
BNEALEE & LTERT WA Z L 2R T in viroD i
THhbo E¥INAYF EH APLGAT / FFHHNBAIZ
EESNE, FORTLOBRNEMERERTIBED
Y ¥ NR Y F s HiRaMICRE (MRRADDS) &b
E Lo TIEFEREFAPBERINILDEERS
N5, LEDIERNS, 7/ RFBEHRAT Y MO L
LT, B OHLE NS F 2 2 ERILEwE L
TER L7z

V. RFFUHAT/HFEHATY b
DEFEEZEE

®IZCypher, RT7RXAZWVAF Y P BLURTF 8
AFJRTBRATF Y V2 77 EEBRICEE L, 280
BICE BRI RHEZN 2l 2 T o /20 ZOME, A
7 v NAEREOIHZRIEA Y F v F S RTEERAT

¥ b & CypherdRIRETH o 720125t L, Cypher T2

B HNTRIE, BARILOBER L7 47 OkE
EVoBERD, XA FUF I RNFBHATF Y MTIR
BooNLhol: (BB, 4%, REHTOERNE -
REMEOFHE, BYOENEEL O LY FElRT—5

SEXH

1) Kawashima Y, Yamamoto H, et al : Eur ] Pharm Biopharm
45, 41-48, 1998.

2) Nakano K, Egashira K, et al : JACC Cardiovasc Interv 2, 277-
283, 20009.

3) Kitamoto S, Nakano K, et al Arterioscler Thromb Vasc
Biol 24, 1522-1528, 2004.

BER—LN—D
- UM REER R R T e e e R s R S in R A 55
http//www.med kyushu-u.ac.jp/cardiol/1_sentaniryo/

oHEF =
19994F  HUBR T RE RS TER B YIS ALY
FET

(B) B EEMEEWEFML -1l TE
HEgethHER, EEEHEIEE
20034  JUINKREFRECOEZFMTIIZE R

]

TEETLUEND B,

L Ksrololtug

E—iRDESOFEERVH L2272 Y, FHHDESIC
EAEREZTTIER L, ZOREEITTHEES LT
ZUNIETHBER~NOIEHIEIATETH S, FDAP S

[Guidance for Industry-Coronary Drug-Eluting stents-
Nonclinical and Clinical Studies] &> DES®OBEZIZB
VT B ERR A D A 7 RTERIRBER B X URRRHBRICEE T 5
B4 K54y (http//www.ifda.gov/cdrh/ode/guidance
/6255html) HRE &N, F7/-Schwartz, Virmani® 95
lxCirculation Cardiovasc Interventis B2 [Drug-Eluting
Stents in Preclinical Studies-Updated Consensus recom-
mendations for Preclinical Evaluation]” S S sz, &
nenF4 K54, recommendationsid— (LD
DESORA R ZELHENBE LWz dE W NN— FLg
BITTED, bhbh»HEL w5+ /DDSAT ¥ k
RERANBELTA LD 7Y 7 LTwhR Tidk
SRVIENZ V. ENTOREZED T I ES
BEEBEHSLETH ), AREE (EELREEESRR
AR LOEENETNG,

4) Walter DH, Rittig K, et al : Circulation 105, 3017-3024, 2002.

5) Walter DH, Schachinger V, et al : Am J Cardiol 85, 962-968,
2000.

6) Tsukie N, Nakano K, et al : ] Atheroscler Thromb, 2012, in press.

7) Schwartz RS, Edelman E, et al : Circ Cardiovasc Interv 1,
143-153, 2008.

20064F  JUINREERZF BEE 0T e BefE SR 2 IR A 220
7t B (RS #~ Tt im)

20074F  HUAR T EMRAMENTE, 1L (Z440) BUR

20114F  JUM RS R FEBEE 0 72 e 78 B3R 56 I R %
gk €
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BE, BRTHWOLNLTW A E—HRIEAEEA
7> & (DES) ¥ a ) AREH AT~ (Cypher) B
FONRZ ) F R VEHR AT Y b (Taxus) DATF ~
MNEBERORIBY 2 ERERIRIRO K., Z4eIlE
HLEIWER (BEREIRE) »d b &L
hort?, FOEEICIE, T LTARMBOR
ABHE (anti-healing effects) 234 - Tvr %, DES
BRZOBREMREDOHEEILE 2V, oz
AFERET NIETR A EOEFI P RIETEREEE (B0
AR ZERE. (LIEFE) ICEAZ EMSEHRMERITK
v, Fo, PUMMIERS % Vo F Tk L 7% <

IVITF VBRI ONTHFERIH TRV, 2

*DUDepartment of Cardiovascular Research,

Development and Translational Medicine,

Graduate School of Medical Sciences, Kyushu University
*DDepartment of Cardiovascular Medicine,

Graduate School of Medical Sciences, Kyushu University

DI &id, DES FHBZ OB MEEIZEISEA
YEH =Ry g D ABRREZTORMETIE R
<\%®M%® SIRAIBET 500 ) OUFESES
DONEFFMT 2 HE T ANEE LR &4 { OBERIZE
T AMBETHAEI L E]RT S, o T, ZTOH
X DES EREDBEOLRICE L 5 LM DOER
ALy TIZHBEBERETHA 9,

72, # it DES. Endeavor (Medtronic)
XIENCE V  (Abbot) , Nobori (Terumo) 25\
T % Cypher & A ® Limus 2 # (F 1214
zotarolimus. everolimus. biolimus A9) 23EH & i1
TWwhb I ehb, DESHERABZOWNEMBOFARE
iE (anti-healing effects) & BEVEMASE XS 5
PR E 2 AT D 0 . P/ MRED EEAR %
L Thupe ) i, FERidHTunizny,

KT, Bk OBV — THEEICDI S
LT MEEWES. gIRENL - 27> PAF
RRFERTEOWRED O DES 2R T AT T
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Ve TbbER, ) v— I L THE - &E
L. 77 REEIRE TNV TOENMEDETE (Proof of
Concept) 255N 72k F DDS A5 b b
N7 RF8H & RIREE RS DDS 7 7 — 7 v
DRI & DEAWEET /N ADEBRIS A 72
WY MAERBMNT D,

FE—RD DESICHW LR TWA R T — I
T AERIERIE T B 7200 M BE ISR AL TRAF
Tho R)X—DOFIFIET 47 v OkE. TV
F—FIS. FHEOER, B LS HITIEBHA 7~
FAMBEDOREEICFSFTHLEZ LN TS, L
oz ehs, IR TEEEOBE EFKEE
% (biocompatibility) ®®»cF ¥ U T —< M v
ADFAFIUIBTH b o

RANTBIZER2RFETLLETOFY ) 7T —<
MU w7 AETIE % <. Drug Delivery System
(DDS) Hepex IRz~ M) v 7 A2 L,
AR, EAREARICERLESFTH LA

- 7)) a— VEBRILESME (Poly (actic-co-glycolic
acid : PLGA) # (&4 FEBEATE] 12k F
KT (F 7 TN fbd 5 e &bz, REEES -
BRRESE - _RTF FEABMERE Lo KT/
FOR#ME LT, v/ 70 FE~ERE 2 A48
OB EE, BAEIEVE, $72. PLGA 0%
FEZESELZLICIYERATOR) -0
MUK FRRE 2. TRV NE L EHI% 0
WHEREOGIHITRETH S He EFBIT N5,
7o, PLGA W GAEIRIUERE &5 & O AR
MR E LC30EL EERRCTHER SN TWwL 2 L
R, PLGARA 7 Ul FIZLA) 2—7) » (BEEE
Ja—7ub) rEEEREERE) OFEREREh
5 EENTOREREIEE NI EATRENT WS,

Wi, ZoOF I mFa ATy MREKI—T4
T3 AEMNBEYIT /. F/NTRELY X MY
TIMHTAZLI2L ) F /7 RTFREELE 77 A2
Fr—VEE, EEA vy FORELZLHLES

A Light microscopy  Fluorescence microscopy

C . 1009
S
2% 75+
LL‘U
G 2
Q© o
2% 50
s 32
25 257
£e
EL 0 O T » Time (days)
o o 4710 20 30
§5100 1
[
E§ 75 -
S o
ER
2
o4
2% 25 7
gL 1
Zr 0 O+ T AT Time (days)
3 01 3 7 14 28 56

1 BEI-FT1T7ICLEFRRES/ DDS X7 FOBIEE DDS #EE

A EETEHEED L OB REFEMBEICL S FITCHAF VHFAT Y bo

B K H— I I HTFHFAT YV PERBEICI—=T A YT ENTOWEONBREEINE, T/ RTFVEORELZRL I—-FT 14 V&8N TV, scale bar = 1 umo
CD:In vitro TOF / $F7 60 FITC O RBEBREMRE X7~ PRED L OF /KT O RFEBHE iR,
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I—T4 Y TEmEREL. AT ¥ FNREI FITC
HAF/ WFr2a—F4 7 Liz, TORKR, #EL
B—2F RFE2AT Y NRAIWKI-T 47T 5
CERHI L (®1), &5, BERMEELS
LI EIZED, AF Y MAOF RTOEHES
REBIAOICHRIBEI TR ChH DL &2 RBLze A7 b
YRR, EEMETHEMECHRE L LA,
JRFIECOREBERFLLETEAT Y PEMIC
TI—TF 4 Y7 E3NT Wiz, FITCEAS /HFrbH
® FITC i it % BT R T OMET L. 24 BT LL
HIZB £ Z 40% D FITC AHIHI /N — 2 b THi &
. F0%, 30 EIchziElans &
S o720 IRWTC, FITC /R FBEHAT
v NERMEPSDOF KT O A R
PCHRE L. FEARICRIEI N — X D SET B0 20

%, 56 HU EICh: D BRI ND T L L I
molz(B1).

EBICT FEBRICEHE~Y—H — & LTFITC
HALZPLGA T /NFI—TA VI ATV b
BEL, 28 HBICHBR LUEBA T 2 RTOEZS
K ORBEFN RN E T o 72 HIHAME CBET
BHEAT Y MALNT Y PEABIZEWEESED LN
7o, NEET. FECS 7 FICERT 583
KD EN (F2) TNHEDI LS, ATV
NEEIWC =T 4 v LT JRTIRAT Y NEE
P OBFAIER SNIMEREIZHE, S O IIH—A
WEE L7 T2 0 OEFNOFHRE V) ZED
WhHEREE (¥ 7V DDS) 2 FT 5T LR SN
729,

A Bare metal stent FITC-NP-eluting stent

B neointima

C Bare metal stent

D m? Neointima area mm? IEL area
m
3 NS 5
1 4
2 3
1 2
1
]
BMS NP-eluting
stent stent

NP-eluting stent

neointima

media

adventitia

B2 F/MFI-T4 P TAT -OBNBREAEAE CEHIOIIA DDS #EE
AFITCHAT VHFBEIMAT > MEE 28 BROMEFEO T /T OREL FE MR L 22 BEUFEERL, EORKEZBAFET 227~ b

A Mgy b Ce) BEICEWESEAHD b,

B MEHEWEZ AL CERETZ LA M5y PEBZT TR, HENEEG. NEETS L OPEEBICBW TS FITC Y7 FUDBEES N, A7 —

NooN— (3 F5HL M5 (R B) 100 um. 53R (T ER) 200um 2R T

CRTAINVAT Y bHABVIEFITCHAT /HFBEHAT Y MEE28 H

D: #HAENEERE., [ELEEL b, “HETERED o ad o7,

MBS, DRI YFEIER, L. B AR

JACC: Cardiovascular Intervention 2009 & ¥ 2% U T5I A,

Drug Delivery System 27-4, 2012 277



58— D DES 1213 FiE Sl B s e =
B HREHFHF S O L AD D ITHAAK NS
N FEUVPHENLNTVS, TNEDFEANIILA
7 MREROBRE L PFEHEEOMEER B

5 CHE NEMBOFARE, B RiH RO N
Mg LEH, HREFORHTTEIERE T 5
FEMMBIES WO BMERZ AT 5 Z L0 L H S
Holze F£TT, Al ME BRI R
#H L. D, NEFAETIRET LB ICELVE
FlzF BRI L, in vitro TOAZ ) —=2 7%
T, F/ DDS A7 ¥ MIERT B ibEE L M

L7,

HMG-CoA EItEZHER (R 5 F )&, MiEx
VAT H— VOETEE L THANICHs LT
BEHNTH A, AFFiE, TOITLVATFO— )
T VRN IZRTE L 2 I EREVER  (pleiotropic
effects) ZFFOZ LML LHONT VWS, D 1D
WM R R EISIER B ) . EBICR S F v
DEHHEFIZL - T, BIRE/LOFAEIF. Vo
7 A U BRFEAL O BIEIERY . A7~ b s
IR R, SRR I A o LA P R BB A A o 1
SEMEOBENRILIEE, % EHRRBRCEY
ERTHEEZLMEEIN TS, 2 ¥ F VAT PI3K
(phosphatidylinositol 3-kinase) -Akt &% /LT
eNOS Z{EH ks ¥ s &, A VTV /) A FERE
META2ILI2ED, BGFEGIPHEELED
WHHEZIIE L. eNOS HEHEXHME LI L L
DIERBFERION TS, ZFF VBHEDOHR
W&, N7 RAF VAT v OFESRAEGIEIER &
HRBHBIEENDIEFMLENTWAEDY, KH, &
GHESICEBEWERAOBEEIND, L) REe - BR
B BIIRTEALRA & B 3 5 EENIR~BAT R %% -
= EREE LD, Al F /T uY—%
HEigl L-EHRT%EE (4 DDS) Of%E%
To7zs

BRAETHEN T2 6FBEORAY F V. Thbb,
VG INAZF 2, TWINAYF v QANAY F 7,
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T RVNRAEF v, Y UNAIFrBLIT TN
5 F > O HMG-CoA EITEEMEEMRIZOVWTT v
FMFIZ7BY —-2BESEHVWTHRE L, 370
V—25% %27 0.1mg 12 01 ~ 1000nM OFEH B L
O°0.1mM @ [3MCIHMG-CoA %ML, 30 41412,
R L7 AT VR AT ) T2 N IR,
BE7OT NS 74 —=12L0ANTO S50 bR
SHEL, BOHEMEEIE L7

VINAYFY, TIVNAZF Y, TANRAYF
YT RUNRREF Y, VUNAIF B LIS
INAZ F 2 1E HMG-CoA & ITEE R G 4 % 1B IR AT
BILZHRE] U, FRZEAERE @ IC,, fE 1L #1241 1.88, 1.89,
309, 346, 512 B L1V 408nM TH o7z, EFINA
TF N VUNAYF L, TINRNAFYFr, T h
WNAZF Uy BLUTANAYF 2 LB LT, 5
717 HMG-CoA BTEBEREER 2R LZY (P <
001) (F1)o

F&E’ggg@’%@zﬁg 95% Wald {S3EX

(nmol/L) nmol/L
Canzare 1.88 179-1.08
SURAEF 1.89 1.73-2.07
OARA&F 3.09 2.73 - 3.50
FRARZAFS 3.46 3.20-3.74
NG CED 512 4.79 - 5.47
FERAAF 208 36.8 - 453

“P<OOl EFNAFF U GEEUVAT 4 v 7 HRBHIIIBITA
Wald #5E)

£1 BEX2F >0 HMG-CoA BTEEREEER
(BB BI 5 n=3 OFHMERE -, EREIFR L Y [Co 2 E 1)

WIS, FEe MEBIRER TS HME T 96 /s
E7L—MI1x 10" M¢o%EL, 10ng/mL
Dk b PDGF 3 L<IF10% FBS 2% L T, #ifa
BIEAFE /2y EINAYF U, TIVWNATF o,
OANAZF 2, FRVNAYF Y, SV UNATF
VBIPTINAYFEREML, -7 uE-2-F
FXRITNT O ABTEE L2, DANRY
Fr, TINRRAFF UL, KEER NEEIRFEERM
JDBEFEZ I L e hrolze EFNAFTF UL, 7
WINAZF ¥, TRVRATF U BILUPV VNS
F 20 HECEEY MBI o 1EE
REIL 72 (P < 0.001)% (8 2).



ICoo & N 95% Wald ECTHMNRILZFHET LI LD LI
(nmsgl/[T_) 7k E5EXHE Pa" j .8) [Tz ”
EENVEED 193 1 - 272" (F 3) s
TNRZ LT 836 0230 | G119 | <0001 DLLomRIE, 5N NA5F 2 HA
y N B =
FRVNRE2FL | 2512 0.077 Q039 | <0.001 HGA%/Mfﬁﬁwgm*%?LT{h
. 0'023_ TWAHZ EwmRTin vitro DRETH 5,
ez | s | oo | 35 [ <omn |y csrosnriear i
OXINZXZF > BHAT | BEHTE | EHA | EHEA NN e Wz
T5ras7y | B | EEae | gmrel | g | RrlCEERENLE, 5RTLENE

V¥ N2y F L AEBU I AT 4 v 7 ERSFICEIT S Wald #58)

x2 FEXaFC0EFEL NEERRFEHRIREENFER
(FREEIZBIT 5 n=6 DFHEERZ A, EREHRL Y Iy ELHM)

EHIT, AFF T — IR T R
Jaionh L & HEREER ©, SRETIIMESR
EPEERB L 7R b= AREEHZRIET S
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