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E 5 AporEKO®7 2R (ApoE™) Z2HAWT, 2L A5 0 — VIRIHESRD ezetimibe (EZ) & HMG-CoA
reductase FLEHE D fluvastatin (Fluva) OEIIRIEILIERIC G- 2 535 BIZOWTHE L 7-.

E IR AN ApoE" 7 A TIZ EZ 0 512& 0, AL AF0—VBXOLDL IV AFu— L& ZEhE
N 63%, 74% WA 38, WEHKEIRO 77— 7 2O 2 CHH$ 25 & & 12, PR o I itk SO
EEBICEELRZ. —F, Fluva5 ClIZORENRD SN0 o72. T2, EZ 513 monocyte chemoat-
tractant protein-1, vascular cell adhesion molecule-1, intercellular adhesion molecule-1 7 & ® AL ERAEAL -
¥ W2 NADPH oxidase T R — % » b Ok mRNA 534 A BIHH L 72
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PRE SRR, ST - SRR &L & b IChisEd -
IR R 2 E O - LIE A XY b OEELERKET
Thar'. TohTYH, RLEELRTFO—2OHIKER
HIETHY, FITHILDLa2 L A5a— ) (LDL-C) Il
ETHhAH. maILAFra—VIGEZEIL, FEcoaL
AT H—=VEKEBEE BiFoa L A7Fa—vo/h
B o oW, 6 b7-68h, aLVATu—), Fil%
1t (Bft) gL AT a—LHFaEFILLGThb L, B
IREEALASHEIR S 2 2 ST wa?, e, ALk
FAIZHEH T 5 3L A7 0 — ViR Niemann-Pick C1
Like 1 (NPCIL1) "7 u—=r273Nh, FOMHEHKT
& % Ezetimibe (EZ) ASERIZEA Sh72* . EZ 130k
B7u7 7 A VEBHICRET AR Z MO TWwE L
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ENTwb b DD, HMG-CoA reductase FHEHE (sta-

Pk 234E8 A8 HZAf, VIR 234E9 A 12 HZH
IRIRERSG © BhJl#T
T 321-0293 AL THRAE AR A T JL vk 880
BRI RSE IR (e fCR)

tin) &HETHHMEEIL %R, /2, EZ oRERHN
6 DAL @ pleiotropic effect 12D W T DOHE b 47z
V. L THEFEE L, BIRELEE TV TH S
et ApoE”” =% 2 &\, EZ & Fluva DBk
BEALTERAC G- 2 5 52D W TRRGET L 72
B &

EREMMERE

5 58 i o Mk ApoE” < ™ A (Taconic Transgenic
Modeles Apolipoprotein E Knockout mouse) (20 PC)
ExfiRE U CHEYEM#E O C57/Bl6~ 7 A (5L) %=
Wiz, i< 213 % A& (CRF-1), ApoE” <7 2
1% high cholesterol (7.5% cocoa butter fat, 1.25% cho-
lesterol,7.5% casein, 0.5% sodium cholate) diet (Orien-
tal Yeast Co, Tokyo, Japan) B fif % 4 » A {7 L 7-.
C O, KEHOEIUIHBI TR, ApoE ¥
2%, mRiEEMEAN (ApoE) B, Rz T
EZ (5mg/kg/day) % tube |2 CTH#I¥%5 L7z +EZ #,
Fluva (10mg/kg/day) % & N IVHEOEIKIZEM LEH
¥ 5 L7:+Fluva #, EZ & Fluva W3E# # ¥ 5 L7+
EZ/Fluva D 4B THE L. 47 A%, 7 #
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F1 HE~Y 2B LOERIIEAN ApoE ~ v AKHICBT 2 MERE %A

Cont ApoE™” +EZ + Fluva +EZ/Fluva
T-C 93+2,8° 2005+220 753+72° 1731152 | 1037=177
LDL-C 28+9.6° 48275 124+£4.2° 434=72 251 +60a
TG 106 +49 31+21 103+94 40+ 32 34+23
HAr mg/dl, “p<0.05, "p<0.01, p<<0.005 vs ApoE-/- n=4 Mean*SE

K2 WM~y 2B L OEKRIIAAN ApoE "~ v A £ B2 BT 5 MCP-1,
VCAM-1 3 X OF ICAM-1 O#IETFFHBL

Cont ApoE ™" +EZ +Fluva +EZ/Fluva
MC-1 110049 | 3.36+0.47 | 0.80+0.42" | 1.52=0.70° | 1.11+0.55"
VCAM-1| 1.05%0.30 | 213030 | 1.04+053" | 1.30£0.46 | 1.57+0.60
ICAM-1 | 0.63+0.60 | 1.69+0.42 | 0.65+0.19" | 0.67*042 | 1.05+0.43
GAPDH mRNA 23§ 51, *p<0.05, "p<0.01 vs ApoE ™" n=3 Mean+SE

x£3 MBI ABIOBRITEAR ApoE” 7 Z&#12817 %5 NADPH oxidase
I KR—F Y OBIETHB

Cont ApoE™” +EZ +Fluva +EZ/Fluva
gp9I™™ | 1.97+0.60 | 4.29+1.00 | 2.02+0.68" | 475+1.10 | 2.27+0.63
p67°" 0.36=0.01 | 0.87+0.06 | 0.37+0.04" | 0.65+0.30 | 0.71=0.21
p47"™ 1.06+0,4 | 245+057 | 1.29+0.18" | 2.18+0.95 | 1.97=0.05
GAPDH mRNA \Zx19 % b, *p<0.05, "p<<0.01 vs ApoE ™"~ n=3 Mean+SE
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— L Y OWAREZ X 0 EFE, V78—V EREERN
W5 L7z, EZEBERORIMEZ T, WERKEINR, iz
F L2z S L 72 KB IR 1% Krebs-Henseleit &
(120mM NaCl, 25mM NaHCO;, 5.5mM glucose, pH
74) T LZZ. I L AFu— ) (T-C), LDL-C
BLOHHERE (TG) &, BEFEEEIC T autoanalyzer T
WeE L7z i3 EEF RO 0, vk, Wik
SBRICTHEHBICHRERAE L. M, Ageidm R
FEYEBIRHIE O TITb Rz,

PR R k77 1 O I B R S s D B E

MBI EEREICBI L Tk, 7XF a3 ¥ (Ach) I
& % I AR BUS S TR L 7.

< ZAOFMMHKEREZ Smm OV ¥ IR L,
5ml @ organ bass {2 CTHEHRD HHEIC X o Tl L 727,
F 72, ¥ #1213 Krebs-Henseleit 8 Z fifi L, 37C T
95% 0, & 5% CO, & #Hrix 5- L D2 D47 - 7z. Prosta-
glandin F-2a (PGF-2a) % F\»CIL % I % 47 - 72
%, MieiE (107°~107°M) o7+ F a3y ¥ (Ach)
rWML, F¥=vyavA43 7557 AT LMHE

(DMT®, AarhusNDenmark) @74 ¥ —3I% 757
VAT AIZTEHRIL 7=,

EEXBRO T 7 — 7 DRIE

FHEIRD 75 — 7 @ oil red 12 & % Yt & Z DI
OFHNZEHO Z & Ao 727, M, defa LA %
digital camera (Olympus) (2 CTH{E% B Y A&, Ado-
be Photoshop 7 & MacSCOPE f##r> 7 b %2 FvCHHE
ZE L7z,

Real-time Polymerase Chain Reaction (RT-PCR)

Jifi#H#R A mRNA O &= IZFEHER RT-PCR #I2 & ) BE
WIhE> TME L. 1ug D RNA % DNase 1 T15
5 EALEL % cDNA % &% L 72. ¢DNA @ PCR & Line-
Gene system (BioFlux, Tokyo) % i\, 95C T5 %
D%, 95T 15%, 60C 168, 72C 30 % 4591 7 )V
fTo7:. ZNFND mRNA LX)V glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) ® mRNA L X
VaMBE LTEKLZ M L7 primer % LT ITR
39, MCP-1, 5-CCACTCACCTGCTGCTACTCAT-
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Apo-E

+Fluva

+EZ +EZ/Fluva

B1 KBROTI—27 0K (F4 VL Fietm)

3’and 5’-TGGTGATCCTCTTGTAGCTCTCC-3";
VCAM-1, 5-TTCTGGGGCAGGAAGTTAGA-3’and
5'-CGGGGAGATGTCAACAATA-3"; ICAM-1,
5-CAGCTGGAGGTCTCGGAAGG-3’and 5’-CA-
GAGCGGCAGAGCAAAAGA-3 : p91°™ 5-TTGGGT-
CAGCACTGGCTCTG-3’and 5-TGGCGGTGTGCAGT-
GC TATC-3’: p67™* 5-CTGGCTGAGGCCATCAG
ACT-3’ and 5’'-AGGCCACTGCAGAGTGCTTG-3";
p47°™* 5'-GATGTTCCCCATTGAGGCCG-3’ and
5-GTTTCAGGTCATCAGGCCGC-3’ ; glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), 5’-GC-
CACCACGCTCTTCTG-3’ and 5-GGTGTGGGTGAG-
GAGCA-3.

bob gl p UL

ETOFHMIE, mean=SE (F¥y+fEiHfFE) ST
i, WEHEMME X unpaired t-test & W THE L
7oo F 7z, MR SUSIE ANOVA ST L7, P<
0.0 2HEEDY HEL.

#w R

mEEE A7 7 1 IVADFHR
ApoE BEICHE LT, +EZ#E T-C & °LDL-C
TN 63% (p<0.005), 74% (p<0.005) A&
/727, +FluvafETld, ARZFEEKTIRERD 5Nk
o7z, +EZ/FluvafflZBWwTid, T-C % 51% (p<

0.05), LDL-C % 52% (p<0.01) A&7, LA L,
TG IZEBEMICEELZLRRRD NG ol (FE ).

KENR TS — VRIS T 208

Oil red #efa 12 X 2 BIRBEAL 3L o %€ 2 TIE, ApoE™”
L +FluvaETORBTIIWAICZE TR, +EZH
BEU+EZ/FluvaBEICBWTHL 2% T T — 7 RO
WAL EAEDZ., L, +EZBE +Fluva/EZ BT
I — OB TIARELTIRO LN L -7z (K1,
2).

MEREAMERE ST 50FE

W ER K BIIR ) > 27 O A R BOS 2 B W T, ApoE ™"
#, +Fluva # TR0 SN IME N % A3 5 ik
2%, +EZHEKRN+EZ/Fluvalf ClIFEICHEI NS
(I 3).

BAIMEREL - FFEFH LU NADPH oxidase

ACKR—% 2 FOBGBEFRERRICKRITTHE

B Bk AL - B - T dH 5 MCP-1, VCAM-1,
ICAM-1 ® mRNA 537813, ApoE” BIZHEKL T,
+EZBEICBWTHEIL, +FluvaBETIZ—EAZ 2
Ml &7 (22). 72, NADPH oxidese ® 2 ¥ K— %
¥ N TH B gpIl™, p67™" ", pd7"* » mRNA FH b,
+EZ BEICB W TOARAEICIH S iz (K 3).
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KIZBITBFTA 7RS4 VOFKILEFRIZ, &2
L AT 0= VIIEBERICBWTIE, TEF Y 2A0HEKD
5 statin BIELHEHEIN TV LIRMIZH S, LaL,
statin W B 5812 C LDL-C EFEZICFE L & H
S72WE, WEAITo COEHMARICEEI S 2L
BEHTR VW L, BERLED 0 URBT A5
BITHr". ZOFERIT6BL—NLELTHLNTVD

BT s aREBHERHI oIV A7 o — VoM H
5OWINADH Y, G %EHE L2222 Tk LDL-C
i TR T S ZEDNTELRVWIENERE LT
T o5, KRBEERRRERZ 6112217 1L, Scandi-
navian Simvastatin Survival Study (4S) O 7N T
&, VAT U=V OWRIROTTHEAVNIE A X b HH]
MEZWETT 2 EAWEShTwbY. 72, Drugs
and Evidence based Medicine in the Elderly (DE-
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BATE) #ExTi, i LDL-CEAF L NIV THo 72
LT, L ATFa— VRO L7 RET, &
BT, FELMEA N FORIEY X7 BEEIED o
P2 EdHE SR TWSY,

LA S OB TIE ApoE” < 2 D B IREEAL
B E NG L A7 a— ViR AR EETH B EZ X
B S ZHPH) U728, Fluva REELRSEZ L8R
o7z, F72EZ/Fluva OPEHIX, EZ OBIREE(LHPH]
VER RS &5 2 EAME R o oORR 5T, HMiC
PLBENIRTEALAEH 2555 A HIMICH o 72, JT4, T8
FHIZBWTOstatin OFRMEIIROLNTE ST, $72,
ApoE™” =™ Z12B W\ Tl statin #5512 X Y ByIRTE{ LA
IREEINE Z EPMESINTEBY, ZRUZiEa LA
FTH—VOBTFHEIEELTWS W) BHEID
20 HIY, HECOILATE— VO HET S
AR TOILATFO— VOWRIAMEEL, F7-—F
MNGTHOI VAT a— VOWIEIHT 2 &, FFiER/h
BCca L AT a—VoERIMEHET 5 &\ ) HEREAE) <
HOEEZLNTWS, FEB, ApoE ¥ 7 2I12BWVT,
NPCIL1 # R &5 &, FlER/NEIZBT 5 HMG-
CoA reductase DEAETHHADBERT 5 L v ) i
rEhTnsy,

Beo T, SRR D statin O FFWIRIHK TVEH AR
B OB ERIUARERIC B X, EZ OfEH 2 55 S €72
WREMEDSE 2 H .

T 2O T, EZ I2BIT 5 pleiotropic effect
& LT IREIIH 0 A 7% 53T EEA b L ADYER,
NO OHNHMEDOHEWE TH 5 IEFHEY A F V7V F
= (ADMA) O F 2 EdHE SR TWE Y, Aif%
IZBWTh, EIREEM ApoE” <~ X Tld EZ 0
HBazky, BAImBkEL - #35H 7% NADPH oxidase I
VAR=FZ Y POFEHBEH SN TEY, BILA L AD
IR [ MER I E BRI BT 2 HIHIASRIE S Nz, fEo
T, EZHFaLvA7ru— VIRNHEEROAR LS, #
DMWDERALA N L A 7 EOBNRAEACAREREF 0 7% 38 % 3]
W22 &T, BIRMEALIE O RINH] 25t o s T
DI BE L0 b0EEZ LN —FHEIRTIE,
statin & EZ & O IREREREICH L, Bh-z)R
BRI LI LG SN, SHROIET V ADERD
W shTwp ™Y,

&

RIFZEIC LD, EIRAAMN ApopE " w7 2L w9
BIIRIEALIEE T MCB VT, /MMEI VAT a0 — Vlikfk
OMHEHETH S EZH, I LATT—VIRNHEIZE S
ALVAFu—VIKTERZE#E LT, Zothobiikb

®

TEM % & 7P R LEH 2 BT 5 2 EBHL 0 L
ol

B T ZoOEOIEIZT, RT-PCR - =7 2ADJF
MR - A4 VL y Retale B0 THn 7272072k
BB IS - LT

X ®

1) Scandinavian Simvastatin Survival Study Groups :
Randomised trial of cholesterol lowering in 4444pa-
tients with coronary heart disease : the Scandinavian
Simvastatin Survival Study (4S). Lancet 344 : 1383-
1389, 1994.

Staprans I, Pan X-M, Rapp JH, et al : The role of di-

etary oxidized cholesterol and oxidized fatty acids in

2

~

the development of atherosclerosis. Mol Nutr Food
Res 49 : 1075-1082, 2005.

3) Davies JP, Levy B, Ioannou YA : Evidence for a Nie-

=

mann-Pick C (NPC) gene family : Identification and
characterization of NPC1L1. Genomics 65 : 137-145,
2000.

4) Altmann SW, Davis Jr HR, Zhu L], et al : Niemann-
Pick C1 Likel protein is critical for intestinal choles-
terol absorption. Science 303 : 1201-1204, 2004.

5) Hattori Y, Hattori S, Wang X, et al : Oral administration
of tetrahydrobiopterin slows the progression of ath-
erosclerosis in apolipoprpteonE- knockout mice. Arte-
rioscler Thromb Vasc Biol 27 : 865-870, 2007.

6) Furukawa S, Fujita T, Shimabukuro M, et al : In-
creased oxidative stress in obesity and its impact on
metabolic syndrome. J Clin Invest 114 : 1752-1761,
2004.

7) Toth PP, Davidson MH : Cholesterol absorption block-
ade with ezetimibe. Curr Drug Targets Cardiovasc
Haematol Disord 5 : 455-462, 2005.

8) Miettinen TA, Gylling H, Strandberg T, et al : Baseline
serum cholestranol as predictor of recurrent coronary
events in subgroup of Scandinavian simvastatin sur-
vival study. Finnish 4S investigators. Br Med J 316 :
1127-1130, 1998.

9) Strandberg TE, Tilvis RS, Pitkala KH, et al : Choles-
tero and glucose metabolism and recurrent cardiovas-
cular events among the elderly ; a prospective study.
JAm College Cardiol 48 : 708-714, 2006.

10) Wang Y-X, Martin-McNulty B, Huw L-y, et al ; Anti-

atherosclerotic effect of simvastatin depends on the



42

11)

12)

BT

Bl

presence of apolipoprotein E. Atherosclerosis 162:23-
31 2002.

Davis Jr HR, Hoos LM, Yeyzloff G, et al : Deficiency of
Niemann-Pick C1 Like 1 prevents atherosclerosis in
ApoE ™" mice. Arterioscler Thromb Vasc Biol 27: 841~
849, 2007

Eztimibe decreases serum levels of asymmetric dime-
thylarginie (ADMA) and ameliorates renal injury in
non-diabetic chronic kidney disease patien in a choles-

terol indEpendennt manner Nakamura T, Sata E, Fuji-

13)

14)

DIMS

wara N, et al, Pharmacol Res 60 : 525-528, 2009
Davidon MH, McGray T, Bettis R, et al., Ezetimibe
coadministration with simvastatin in patients with pri-
mary hypercholesterolemia. JAm College Cardiol 40 :
2125-2134, 2002.

Baigent C, Landray M], Reith C, et al : The effects of
lowering LDL cholesterol with simvastatin plus
ezetimibe in patients with chronic kidney disease
(Study of Heart and Renal Protection) : a randomized
placebo-controlled trial. Lancet 377 : 2181-2192, 2011.



39(1) (2012)

Apo-E KO (ApoE™") =™ ZI281F 5 Ezetimibe DHLEIIRELAEH 43

Anti-Atherogenic Effect of Eztimibe in Apo-E Knockout Mice

Atsuko Sukegawa, Kosuke Uchida® and Teruo Jojima"

D Department of Endocrinology and Metabolism, Dokkyo Medical University School of Medicine.
2 Department of Pharmacology, Dokkyo Medical University School of Medicine.

The aim of present study was to investigate the effects of
ezetimibe, a cholesterol absorption inhibitor, on athrosclero-
sis in apolipoprotein E knockout (ApoE-KO) mice. Tret-
ment with ezetimibe, but not fluvastatin, significantly De-
creased serum total and low density lipoprotein (LDL)
Cholesterol and lesions of atherosclerotic plaque of aorta In
wastern diet-fed ApoE-KO mice. Ezetimibe also restored

nitric oxide-mediated vascular relaxation in isolated aortic

rings.

Moreover, ezetimibe treatment significantly decreased
the mRNA expression of a chemoattractant, adhesion mole-
cules, and several subunits of NADPH oxidase in lung tis-
sues. These results suggest that ezetimibe may inhibit ath-
rosclerosis by ameliorating vascular inflammation and
oxidative stress in ApoE-KO mice independently of lower-

ing serum cholesterol level.



